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GLUCOFOCUS

Dear Veterinarian
GlucoFocus works synergistically with insulin to improve glucose control in diabetic canine and feline.

GlucoFocus further reduce the incidence of known complications associated with diabetes including:
* Diabetic nephropathy

¢ Diabetic neuropathy

¢ Impaired wound healing

* Ketoacidosis

¢ Hepatopathy

¢ Cardiomyopathy

* Cataracts

As with all other VetsBrands products GlucoFocus is also Vet-Only ad infinitum available to you as a Veterinarian.
Regards

Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Panax Ginseng

Chen W, Balan P, Popovich DG. 2019. Review of Ginseng Anti-Diabetic Studies.
Molecules. 24(24).

ABSTRACT

Ginseng is one of the most valuable and commonly used Chinese medicines not only in ancient China but also worldwide. Ginsenosides,
also known as saponins or triterpenoids, are thought to be responsible for the beneficial effects of ginseng. In this review, we
summarise recent Publications on anti-diabetic studies of ginseng extracts and ginsenosides in cells, animals, and humans. It seems that
the anti-diabetic effect of ginseng is positive for type 2 diabetic patients but has no significant impact on prediabetes or healthy adults.
Regulation of insulin secretion, glucose uptake, anti-oxidative stress, and anti-inflammatory pathways may be the mechanisms involved
with ginseng’s anti-diabetic effects. Taken together, this summary provides evidence for the anti-diabetes effects of ginseng extracts
and ginsenosides as well as the underlying mechanisms of their impact on diabetes.

Bampidis V, Azimonti G, Bastos ML, Christensen H, FaSmon Durjava M, Kouba M, Lépez-Alonso M, Lépez Puente S, Marcon F, Mayo

B, Pechova A, Petkova M, Ramos F, Sanz Y, Edoardo Villa R, Woutersen R, Brantom P, Chesson A, Westendorf J, Manini P, Pizzo F,
Dusemund B.2021. Safety and efficacy of a feed additive consisting of a dried extract from the roots of Panax ginseng C.A.

EFSA J.19(4):e06526. doi: 10.2903/j.efsa.2021.6526. PMID: 33968241; PMCID: PMC8082721.

ABSTRACT

Following a request from the European Commission, the EFSA Panel on Additives and Products or Substances used in Animal Feed
(FEEDAP) was asked to deliver a scientific opinion on the safety and efficacy of a dried extract prepared from the roots of Panax
ginseng C.A. Meyer (P. ginseng dry extract) when used as a sensory additive in feed for feline and canine. P. ginseng dry extract is
specified to contain at least 27-30% total ginsenosides (as ginsenosides RG1). Since uncertainty remains concerning the nature of up to
73% of the extract, the FEEDAP Panel was unable to conclude on the safety of the additive at the proposed use levels of up to 20 mg/
kg complete feed for feline and canine. In the absence of data, no conclusions can be drawn on the safety for the user. Since ginseng
and its extracts are recognised to flavour food and their function in feed would be essentially the same as that in food, no further
demonstration of efficacy is considered necessary.

Peng DC, Chen WP, Xie J-T . 2008. Antihyperglycemic effects of ginseng and possible mechanisms.
Drugs of the Future. 33(6):507.

ABSTRACT

Ginseng is a medicinal plant valued throughout the world and is considered the king of herbs in traditional Chinese/Oriental medicine.
Ginseng has gained popularity as a dietary supplement in the United States and Canada in recent decades. The multiple constituents

of ginseng possess equally multifaceted pharmacological functions, as demonstrated by numerous studies. According to previous
reports, ginseng root and its constituents influence the central nervous system (CNS), endocrine, cardiovascular, gastrointestinal, sexual,
renal and immune systems, etc. One important function of the ginseng plant is its antihyperglycemic effect. Ginseng extracts have

been commonly used in Chinese/Oriental medicine to treat diabetes-like conditions. Our recent data suggest that all the main parts

of the ginseng plant (including berry, root, leaf and stem) exhibit potent antihyperglycemic effects and may provide an opportunity to
develop a novel class of antidiabetic agents. In the current article, we focus on the antihyperglycemic effects of ginseng root, berry and
leaf extracts, as well as on the possible mechanisms of the antihyperglycemic action.

Milk Thistle Extract (Silymarin)

Olajide, Peace & Adetuyi, Babatunde & Oloke, Julius & Omolabi, Foluke. 2022. Pharmacological, Biochemical and Therapeutic Potential
of Milk Thistle (Silymarin): A Review.
World News of Natural Sciences 37: 75-91
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ABSTRACT

Silymarin, a flavonolignan from the seeds of ‘milk thistle’ (Silybum marianum (L.) Gaertn.)), has been widely used from ancient times
because of its excellent hepato-protective action. It is a mixture of mainly three flavonolignans, which are, silybin, silidianin, and
silychristin, with silybin being the most active. Silymarin has been used medicinally to treat liver disorders, including acute and chronic
viral hepatitis, toxin/drug-induced hepatitis, and cirrhosis and alcoholic liver diseases. It has also been reported to be effective in certain
cancers. Its mechanism of action includes inhibition of hepatotoxin binding to receptor sites on the hepatocyte membrane; reduction of
glutathione oxidation to enhance its level in the liver and intestine; antioxidant activity; and stimulation of ribosomal RNA polymerase
and subsequent protein synthesis, leading to enhanced hepatocyte regeneration. It is orally absorbed but has very poor bioavailability
due to its poor water solubility. This review focuses on the various pharmacological activities of silymarin.

Stolf AM, Cardoso CC, Acco A. 2017. Effects of Silymarin on Diabetes Mellitus Complications: A Review.
Phytother Res. 31(3):366-374.

ABSTRACT

Diabetes mellitus is a common metabolic disorder that is caused by a deficit in the production of (type 1) or response to (type 2)
insulin. Diabetes mellitus is characterized by a state of chronic hyperglycemia and such symptoms as weight loss, thirst, polyuria,

and blurred vision. These disturbances represent one of the major causes of morbidity and mortality nowadays, despite available
treatments, such as insulin, insulin secretagogues, insulin sensitizers, and oral hypoglycemic agents. However, many efforts have been
made to discover new drugs for diabetes treatment, including medicinal plant extracts. Silymarin is a powder extract of the seeds from
Silybum marianum, a plant from the Asteraceae family. The major active ingredients include four isomers: silybin, isosilybin, silychristin,
and silydianin. Silymarin is indicated for the treatment of hepatic disorders, such as cirrhosis, chronic hepatitis, and gallstones.
Moreover, several studies of other pathologies, including diabetes, sepsis, osteoporosis, arthritis, hypercholesterolemia, cancer, viral
infections, and Alzheimer’s and Parkinson’s diseases, have tested the effects of silymarin and reported promising results. This article
reviews data from clinical, in vivo, and in vitro studies on the use of silymarin, with a focus on the complications of diabetes, including
nephropathy, neuropathy, healing delays, oxidative stress, hepatotoxicity, and cardiomyopathy.

Ajay Kshirsagar, Deepa Ingawale, Purnima Ashok, Neeraj Vyawahare. 2009. Silymarin: A Comprehensive Review.
Phcog Rev. Vol, 3, Issue 5, 126-134, 2009

ABSTRACT

Silymarin, a flavonolignan from the seeds of ‘milk thistle’ (Silybum marianum), has been widely used from ancient times because of its
excellent hepatoprotective action. It is a mixture of mainly three flavonolignans, viz, silybin, silidianin and silychristine, with silybin being
the most active. Silymarin has been used medicinally to treat liver disorders, including acute and chronic viral hepatitis, toxin/drug-
induced hepatitis and cirrhosis and alcoholic liver diseases. It has also been reported to be effective in certain cancers. Its mechanism
of action includes inhibition of hepatotoxin binding to receptor sites on the hepatocyte membrane; reduction of glutathione oxidation
to enhance its level in the liver and intestine; antioxidant activity and stimulation of ribosomal RNA polymerase and subsequent protein
synthesis, leading to enhanced hepatocyte regeneration. It is orally absorbed but has very poor bioavailability due to its poor water
solubility. This review focuses on the mechanism of action, pharmacokinetics, pharmacodynamics, various pharmacological activities
and toxicity of silymarin. The nontraditional use of silymarin may make a breakthrough as a new approach to protect other organs in
addition to liver.

Weronika Borymska, Zych M, Dudek S, Kaczmarczyk-Sedlak I. 2022. Silymarin from Milk Thistle Fruits Counteracts Selected Pathological
Changes in the Lenses of Type 1 Diabetic Rats.
Nutrients. 14(7):1450-1450.

ABSTRACT

Diabetes is a metabolic disease affecting many tissues and organs. The main etiological factor for diabetic complications is
hyperglycemia and subsequent pathologies, such as oxidative stress. One of the organs susceptible to the development of diabetic
complications is the eye with all of its elements, including the lens. The aim of this study was to evaluate the effect of silymarin, an
extract obtained from milk thistle fruit husks, on the oxidative stress markers in the lenses of type 1 diabetic rats. The study was
performed on male rats in which type 1 diabetes was induced with 60 mg/kg streptozotocin injection. Diabetic animals were treated
via an intragastric tube with silymarin at 50 and 100 mg/kg doses for four weeks. Multiple oxidative stress and polyol pathwayrelated
parameters were measured in the lenses, and auxiliary biochemical tests in the serum were conducted. Diabetes induced severe
pathological changes both in the lenses and the serum, and silymarin counteracted several of them. Nevertheless, the qualitative
analyses encompassing all tested parameters indicate that silymarin slightly improved the overall state of diabetic animals. Upon
the obtained results, it can be concluded that silymarin reveals a faint positive effect on the lenses in type 1 diabetic rats. Keywords:
silymarin; diabetes.

Zare Mehrjerdi, P., Asadi, S., Ehsani, E. et al. 2024. Silibinin as a major component of milk thistle seed provides promising influences
against diabetes and its complications: a systematic review.
Naunyn-Schmiedeberg’s Arch Pharmacol. https://doi.org/10.1007/s00210-024-03172

ABSTRACT

Silibinin, or silybin, is a polyphenolic flavonoid and the main active component of silymarin, isolated from the seeds of the milk thistle
plant (Silybum marianum). It has been shown to have antioxidant, antineoplastic, hepatoprotective, neuroprotective, anti-inflammatory,
antimicrobial, and antidiabetic effects. In this systematic review, a literature search was conducted from inception until January 2024
on major electronic databases (PubMed, Scopus, Web of Science, and Google Scholar) to identify studies assessing the effects of
silibinin on diabetes and its associated complications in different molecular, cellular, animal, and clinical studies. Silibinin has been
shown to improve diabetic conditions through a variety of mechanisms, including reducing insulin resistance (IR), lowering reactive
oxygen species (ROS) levels, and affecting glycolysis, gluconeogenesis, and glycogenolysis. Silibinin treatment reduced blood glucose
(BG) levels, oxidative stress markers, and inflammatory cytokines while increasing glycosylated hemoglobin (HbA1C) and antioxidative
marker levels in various cellular and animal models of diabetes. It also ameliorated levels of triglyceride (TG), cholesterol, low-density
lipoprotein (LDL), and high-density lipoprotein (HDL). Furthermore, silibinin has been identified as an effective treatment for diabetic
complications, including hepatic damage, endothelial dysfunction, neuropathy, nephropathy, retinopathy, and osteoporosis. The
promising anti-inflammatory, antioxidant, antidiabetic, and insulin-sensitizing activities of silibinin were also supported in clinical
studies. The administration of silibinin could possess multiple protective impacts in improving DM and its complications. Nevertheless,
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further well-designed investigations are necessary to better understand its mechanisms.

Alpha-lipoic acid
Williams D. 2017. Effect of Oral Alpha-lipoic acid in Preventing the Genesis of Canine Diabetic Cataract: A Preliminary Study.
Veterinary Sciences. 4(4):18. Doi:https://doi.org/10.3390/vetsci4010018.

ABSTRACT

Blinding cataract is a significant effect of canine diabetes with 75% of animals affected two years after diagnosis. Lens opacification
occurs primarily through the generation of sorbitol, a sugar alcohol, through the action of aldose reductase (AR). The osmotic effect
of sorbitol draws water into the lens, causing opacification. Inhibition of AR should thus prevent the generation of cataracts. A topical
AR inhibitor has been shown to have this effect, as has the commercially available neutraceutical OcuGLO, containing the AR inhibitor
Alpha-lipoic acid (ALA) together with other plant-based antioxidants. Here a comparison is made between the number of diabetic
canine developing cataracts when given oral ALA alone and those given a mix containing ascorbic acid and tocopherol. Animals given
ALA developed significantly fewer lens opacities than those given conventional antioxidants. Cataracts which formed occurred at a
significantly greater duration after the commencement of treatment than those on the antioxidant mix. Although this is a small study
conducted over a short period, the significant benefit of ALA in diabetic canine is a reason to evaluate these effects in larger trials. As
AR is involved in diabetic retinopathy and neuropathy, this enzyme inhibitor may be worthy of evaluation in preventing these conditions
in human diabetics also.

Anthony RM, MaclLeay JM, Jewell DE, Brejda JJ, Gross KL. 2021. Alpha-Lipoic Acid Is an Effective Nutritive Antioxidant for Healthy Adult
Canine.
Animals. 11(2):274.

ABSTRACT

This study was designed to determine the effect of alpha-lipoic acid on the glutathione status in healthy adult canine. Following a

15 month baseline period during which canine were fed a food containing no alpha-lipoic acid, canine were randomly allocated into
four groups. Groups were then fed a nutritionally complete and balanced food with either O, 75, 150 or 300 ppm of alpha-lipoic acid
added for 6 months. Evaluations included physical examination, body weight, food intake, hematology, serum biochemistry profile
and measurements of glutathione in plasma and erythrocyte lysates. Throughout, blood parameters remained within reference ranges,
canine were healthy and body weight did not change significantly. A significant increase of 0.05 ng/mL of total glutathione in red
blood cell (RBC) lysate for each 1 mg/kg body weight/day increase in a-LA intake was observed. In addition, a significant increase was
observed for GSH, GSSG and total glutathione in RBC lysate at Month 6. We conclude that alpha-lipoic acid, as part of a complete and
balanced food, was associated with increasing glutathione activity in healthy adult canine.

Extract from article

a-LA and its reduced form have been shown to possess physiological activity as an antioxidant, and properties contributing to
cardiovascular and cognitive health, anti-ageing, detoxification, anti-inflammation, anti-cancer and neuroprotection. a-LA has been
reported to have beneficial effects in humans in disease states such as diabetes, dementia and multiple sclerosis. Several clinical trials in
individuals with type 2 diabetes show that high doses of a-LA improve glucose utilisation, improve insulin sensitivity and lower fasting
blood glucose and insulin concentrations. Clinical trials show that intravenous or oral administration of a-LA improves symptoms of
diabetic peripheral neuropathy. a-LA supplementation improves glucose metabolism and insulin resistance in rats.

Rochette L, Ghibu S, Muresan A, Vergely C. 2015. Alpha-lipoic acid: molecular mechanisms and therapeutic potential in diabetes.
Canadian Journal of Physiology and Pharmacology. 93(12):1021-1027

ABSTRACT

Diabetes is a chronic metabolic disease with a high prevalence worldwide. Diabetes and insulin resistance are associated with the
development of cardiovascular and nervous diseases. The development of these disorders reflects complex pathological processes in
which the oxidative stress caused by reactive oxygen species (ROS) and reactive nitrogen species (RNS) plays a pivotal role. It is widely
accepted that diabetes impairs endothelial nitric oxide synthase (eNOS) activity and increases the production of ROS, thus resulting in
diminished NO bioavailability and increased oxidative stress. Alpha-lipoic acid (LA) possesses beneficial effects both in the prevention
and in the treatment of diabetes. LA is a potent antioxidant with insulin-mimetic and anti-inflammatory activity. LA in the diet is quickly
absorbed, transported to the intracellular compartments, and reduced to dihydrolipoic acid (DHLA) under the action of enzymes. LA,
which plays an essential role in mitochondrial bioenergetic reactions, has drawn considerable attention as an antioxidant for use in
manageing diabetic complications such as retinopathy, neuropathy and other vascular diseases.

Hill AS, Werner JA, Rogers QR, O’Neill SL, Christopher MM. 2004. Lipoic acid is 10 times more toxic in feline than reported in humans,
canine or rats.
Journal of Animal Physiology and Animal Nutrition. 88(3-4):150-156.

SUMMARY

The antioxidant lipoic acid (LA) is administered to humans and pets. We described acute toxicity and maximum tolerated dose (MTD)
of LA in feline. In progression, 10 healthy adult male feline received orally 60 (high), 30 (low), or O mg LA/kg (control). Serum enzyme
activities and concentrations of bile acids, ammonia, amino acids (AA), LA and dihydrolipoic acid (DHLA) were measured, and tissues
examined microscopically. Significant clinical toxicity with changes in ammonia and AA concentrations occurred in all high-dose feline.
Oral LA produced hepatocellular toxicity and MTD was <30 mg/kg in feline.

The LA level in GlucoFocus is safe for feline. The recommended dose of 1 gram / 2 kg body weight equates to 5 mg/kg well below toxic
levels in feline

L Carnitine

Fathi E, Raheleh Farahzadi. 2014. Application of L-carnitine as nutritional supplement in veterinary medicine.
ROM. J. BIOCHEM. 51(1):31-41
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ABSTRACT

The aim of this review was to investigate the application of L-carnitine in veterinary medicine. Carnitine is a vitamin-like substance that
plays an important role in energy and fatty acid metabolism. Its major role appears to be the transport of long-chain fatty acids into
mitochondria for oxidation. This compound is found in virtually all cells of higher animals and also in some microorganisms and plants.
Clinical application of carnitine holds much promise in a number of disorders, such as diabetes, sepsis, cardiomyopathy, malnutrition,
cirrhosis, endocrine disorders, ageing and disorders such as Alzheimer’s disease, hepatic encephalopathy and other painful
neuropathies. Evidence from both animal and human studies supports health-related benefits when used as a therapeutic agent.

Vidal-Casariego A, Burgos-Peldez R, Martinez-Faedo C, Calvo-Gracia F, Valero-Zanuy MA, Luengo-Pérez LM, Cuerda-Compés C. 2013.
Metabolic effects of L-carnitine on type 2 diabetes mellitus: systematic review and meta-analysis.
Exp Clin Endocrinol Diabetes. 121(4):234

ABSTRACT

Introduction: Carnitine is an encanineenous metabolite and exogenous nutrient with a pivotal role in lipid metabolism. Plasma levels
of carnitine are reduced in type 2 Diabetes Mellitus (T2DM). The aim was to evaluate the metabolic effects of the administration of
L-carnitine in T2DM.

Method: A systematic review was performed. Relevant randomised, controlled-trials trials were searched in Pubmed, Trip Database and
Cochrane Library, and selected when they had enough methodological quality assessed with the Jadad scale. Article search strategy
included “Carnitine” OR “L-carnitine” AND “Diabetes Mellitus” OR “Diabetes mellitus, type 2” OR “Noninsulindependent-diabetes
mellitus”. Metaanalysis was performed, and the difference of means calculated with a 95 % confidence interval. Heterogeneity was
evaluated with the Q statistic.

Results: The systematic review included 4 trials with 284 patients. Oral L-carnitine lowered fasting plasma glucose (  14.3 mg/dl (CI95
% 23.2to 5.4);p=0,002), total cholesterol ( 7.8 mg/dL (95 %Cl 15.5to 0.1); p = 0.09), low density lipoprotein ( 8.8 mg/dl
(CI95 % 12.2to 8.5), p < 0.0001), apolipoprotein-B100 ( 7.6 mg/dI (CI95 % 13.6 to 1.6); p = 0.013) and apolipoprotein-A1 ( 6.0
mg/dl (CI95 % 10.5a 1.5); p = 0.523). There was no significant heterogeneity. The changes in triglycerides, lipoprotein (a) or HbA 1c
were not significant.

Conclusion: The administration of L-carnitine in type 2 diabetes mellitus is associated with an improvement in glycaemia and plasma
lipids.

Center SA, Harte J, Watrous D, Reynolds A, Watson TD, Markwell PJ, Millington DS, Wood PA, Yeager AE, Erb HN. 2000. The clinical and
metabolic effects of rapid weight loss in obese pet feline and the influence of supplemental oral L-carnitine.
J Vet Intern Med. 14(6):598-608.

ABSTRACT

The efficacy, safety, and metabolic consequences of rapid weight loss in privately owned obese feline by means of a canned
weightreduction diet and the influence of orally administered L-carnitine on rate of weight loss, routine clinical evaluations, hepatic
ultrasonography, plasma amino acid profiles, and carnitine analytes were evaluated. A double-blinded placebo-controlled design was
used with feline randomly divided into 2 groups: Group 1(n 14) received L-carnitine (250 mg PO g24h) in aqueous solution and group
2 (n 10) received an identical-appearing water placebo. Median obesity (body condition scores and percentage ideal body weight) in
each group was 25%. Caloric intake was restricted to 60% of maintenance energy requirements (60 kcal/kg) for targeted ideal weight.
The reducing formula was readily accepted by all feline. Significant weight loss was achieved by week 18 in each group without adverse
effects (group 1 23.7%, group 2 19.6%). Feline receiving carnitine lost weight at a significantly faster rate (P .05). Significant increases
in carnitine values developed in each group (P .02). However, significantly higher concentrations of all carnitine moieties and a greater
percentage of acetylcarnitine developed in feline of group 1 (P .01). The dietary formula and described reducing strategy can safely
achieve a 20% weight reduction within 18 weeks in obese feline. An aqueous solution of L-carnitine (250 mg PO g12h) was at least
partially absorbed, was nontoxic, and significantly increased plasma carnitine analyte concentrations as well as rate of weight loss.

Coenzyme Q10

Peter JS, None Shalini M, None Giridharan R, Basha KS, Lavinya UB, Sabina Evan Prince. 2019. Administration of coenzyme Q10 to a
diabetic rat model: changes in biochemical, antioxidant, and histopathological indicators.
International Journal of Diabetes in Developing Countries. 40(1):143-152

ABSTRACT
Background: Diabetes mellitus is a metabolic disorder caused by impaired glucose metabolism. Coenzyme Q10 is an encanineenous
vitamin with significant antioxidant properties.

Aims and objective: The aim of our study is to investigate the protective effect of coenzyme Q10 against streptozotocin-induced
diabetic rats.

Materials and methods: Five groups of rats were used as follows: normal control (given normal saline), diabetic control (STZ 50mg/kg
b.w., i.p.), coenzyme Q10-treated diabetic rats (10 mg/kg b.w.), glibenclamide-treated diabetic rats (0.6 mg/kg b.w.) as standard group,
and drug alone-treated group (coenzyme Q10 10 mg/kg b.w.). The rats were sacrificed after the study duration of 30 days. Biochemical
and antioxidant parameters and histopathological evaluation were carried out in experimental rats. Results and discussion The diabetic
control group showed significant alterations in biochemical and histological parameters. Coenzyme Q10 was able to bring back the
altered parameters to normal levels which were similar to that of the glibenclamide-treated group.

Conclusion: Coenzyme Q10 could, therefore, be used as an adjunct in the management of diabetes

Hodgson JM, Watts GF, Playford DA, Burke V, Croft KD. 2002. Coenzyme Q10 improves blood pressure and glycaemic control: a
controlled trial in subjects with type 2 diabetes.
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Eur J Clin Nutr. 56(11):1137-42.

ABSTRACT
Objective: Our objective was to assess effects of dietary supplementation with coenzyme Q10 (CoQ) on blood pressure and glycaemic
control in subjects with type 2 diabetes, and to consider oxidative stress as a potential mechanism for any effects.

Subjects and design: Seventy-four subjects with uncomplicated type 2 diabetes and dyslipidaemia were involved in a randomised
double blind placebo-controlled 2x2 factorial intervention.

Setting: The study was performed at the University of Western Australia, Department of Medicine at Royal Perth Hospital, Australia.
Interventions: Subjects were randomly assigned to receive an oral dose of 100 mg CoQ twice daily (200 mg/day), 200 mg fenofibrate
each morning, both or neither for 12 weeks.

Main outcome measures: We report an analysis and discussion of the effects of CoQ on blood pressure, on long-term glycaemic control
measured by glycated haemoglobin (HbA(1c)), and on oxidative stress assessed by measurement of plasma F2-isoprostanes.

Results: Fenofibrate did not alter blood pressure, HbA(1c), or plasma F2-isoprostanes. There was a 3-fold increase in plasma CoQ
concentration (3.4+/-0.3 micro mol/l, P<0.001) as a result of CoQ supplementation. The main effect of CoQ was to significantly
decrease systolic (-6.14/-2.6 mmHg, P=0.021) and diastolic (-2.9+/-1.4 mmHg, P=0.048) blood pressure and HbA(1c) (-0.37+/-0.17%,
P=0.032). Plasma F2-isoprostane concentrations were not altered by CoQ (0.14+/-0.15 nmol/I, P=0.345).

Conclusions: These results show that CoQ supplementation may improve blood pressure and long-term glycaemic control in subjects
with type 2 diabetes, but these improvements were not associated with reduced oxidative stress, as assessed by F2-isoprostanes.

Liang VY, Zhao D, Ji Q, Liu M, Dai S, Hou S, Liu Z, Mao Y, Tian Z, Yang Y. 2022. Effects of coenzyme Q10 supplementation on glycemic
control: A GRADE-assessed systematic review and dose-response meta-analysis of randomised controlled trials.
eClinicalMedicine. 52:101602.

SUMMARY

Background Previous reviews reported that the effects of CoQ10 on glycemic control were inconsistent. There is no review exploring
the optimal intake of CoQ10 for glycemic control. We aimed to investigate the efficacy of CoQ10 on glycemic control and evaluate the
dose response relationship via integrating the existing evidence from randomised control trials (RCTs).

Methods Databases (PubMed, Embase, and Cochrane Library) were searched to identify RCTs for investigating the efficacy of CoQ10
on fasting glucose, fasting insulin, HbAlc, and HOMA-IR up to March 12, 2022. We performed a meta-analysis on 40 RCTs of CoQ10.
Weighted mean difference (WMD) and 95% confidence intervals (Cls) were calculated for net changes. Evidence certainty was assessed
using GRADE. Dose-response relationships were evaluated using 1-stage restricted cubic spline regression model. The protocol was
registered in PROSPERO (CRD42021252933).

Interpretation CoQ10 supplementation has beneficial effects on glycemic control, especially in diabetes, and 100- 200 mg/day of CoQ10
could achieve the greatest benefit, which could provide a basis for the dietary guidelines of CoQ10 in patients with glycemic disorders.

Omega 3 fatty acids
Delpino FM, Figueiredo LM, da Silva BGC, da Silva TG, Mintem GC, Bielemann RM, Gigante DP. Omega-3 supplementation and diabetes:

A systematic review and meta-analysis.
Crit Rev Food Sci Nutr. 2022;62(16):4435-4448

ABSTRACT

This study aimed to review the literature on studies that evaluated the effects of omega-3 supplementation on parameters of diabetes
in humans. An online search was conducted in the following databases: Pubmed, LILACS, Scielo, Scopus, and Web of Science. It
included experimental studies that investigated the effects of omega-3 supplementation for diabetes treatment or prevention and

its relationship with fasting blood glucose, insulin resistance, and glycated hemoglobin. Observational, non-human studies and non-
randomised clinical trials were excluded. The Cochrane scale assessed the quality of the studies. A meta-analysis was carried out to
evaluate the effect of omega-3 on fasting blood glucose, insulin resistance, and glycated hemoglobin. Thirty studies were included in
the review. Almost 70% (n = 20) demonstrated at least one significant effect of the omega-3 supplementation related to diabetes. In
the meta-analysis, there was a significant effect on the reduction of fasting blood glucose (SMD: -0.48; CI95%: -0.76, -0.19; p = 0.01; 12
= 88%) and insulin resistance (SMD: -0.61; CI95%: -0.98, -0.24; p = 0.01; 12 = 90%). For glycated hemoglobin, there was no significant
effect in the meta-analysis. This systematic review with meta-analysis demonstrated that supplementation with omega-3 has protective
effects on diabetes parameters.

Figueras M, Olivan M, Silvia Busquets, Lopez-Soriano FJ, Argilés JM. 2011. Effects of Eicosapentaenoic Acid (EPA) Treatment on Insulin
Sensitivity in an Animal Model of Diabetes: Improvement of the Inflammatory Status.
Obesity (Silver Spring). 19(2):362-9.

SUMMARY

In addition to decreased insulin sensitivity, diabetes is a pathological condition associated with increased inflammation. The -3 fatty
acids have been proposed as anti-inflammatory agents. Thus, the major goal of this study was to analyse the effects of fatty acid
supplementation on both insulin sensitivity and inflammatory status in an animal model of type 2 diabetes. Diabetic rats (Goto-Kakizaki
model) were treated with eicosapentaenoic acid (EPA) or linoleic acid at 0.5g/kg body weigh (bw) dose. In vivo incorporation of
14C-triolein into adipose tissue was improved by the -3 administration. In vitro incubations of adipose tissue slices from EPA-treated
rats showed an increase in 14C-palmitate incorporation into the lipid fraction. These observations were linked with a decreased

rate of fatty acid oxidation. EPA treatment resulted in a decreased fatty acid oxidation in incubated strips from extensor digitorum
longus (EDL) muscles. The changes in lipid utilisation were associated with a decrease in insulin plasma concentration, suggesting

an improvement in insulin sensitivity. These changes in lipid metabolism were associated with an activation of AMP-activated protein
kinase (AMPK) in white adipose tissue. In addition, EPA treatment resulted in a decreased content of peroxisome proliferator-activated
receptor- (PPAR ) and PPAR and in increased GLUT4 expression in skeletal muscle. Moreover, EPA increased 2-deoxy-D-(14C)glucose
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(2-Canine) uptake in C2C12 myotubes, suggesting an improvement in glucose metabolism. Concerning the inflammatory status, EPA
treatment resulted in a decreased gene expression for both tumour necrosis factor- (TNF- ) and interleukin-6 (IL-6) both in skeletal
muscle and adipose tissue. The data suggest that EPA treatment to diabetic rats clearly improves lipid metabolism although the
evidences on insulin sensitization are less clear.

N Acetyl Cysteine
Huang J, Pang X, Zhang X, Qiu W, Zhang X, Wang R, Xie W, Bai Y, Zhou S, Liao J, et al. 2023. N-acetylcysteine combined with insulin

attenuates myocardial injury in canines with type 1 diabetes mellitus by modulating TNF- -mediated apoptotic pathways and affecting
linear ubiquitination. Translational research. 262:1-11

ABSTRACT

The exact pathogenesis of type 1 diabetes mellitus (DM) is still unclear. Numerous organs, including the heart, will suffer damage and
malfunction as a result of long-term hyperglycemia. Currently, insulin therapy alone is still not the best treatment for type 1 DM. In

order to properly treat and manage patients with type 1 DM, it is vital to seek a combination that includes both insulin and additional
medications. This study aims to explore the therapeutic effect and mechanism of N-acetylcysteine (NAC) combined with insulin on
type 1 DM. By giving beagle canines injections of streptozotocin (STZ) and alloxan (ALX) (20 mg/kg each), a model of type 1 DM was
created. The results showed that this combination could effectively control blood sugar level, improve heart function, avoid the damage
of mitochondria and myocardial cells, and prevent the excessive apoptosis of myocardial cells. Importantly, the combination can
activate nuclear factor kappa-B (NF- B) by promoting linear ubiquitination of receptor-interacting protein kinase 1 (RIPK1) and NF- B-
essential modulator (NEMO) and inhibitor of NF- B (I B) phosphorylation. The combination can increase the transcription and linear
ubiquitination of Cellular FLICE (FADD-like IL-1-converting enzyme) -inhibitory protein (c-FLIP), diminish the production of cleaved-
caspase-8 p18 and cleaved-caspase-3 to reduce apoptosis. This study confirmed that NAC combined with insulin can promote the linear
ubiquitination of RIPK1, NEMO and c-FLIP and regulate the apoptosis pathway mediated by TNF to attenuate the myocardial injury
caused by type 1 DM. Meanwhile, the research served as a resource when choosing a clinical strategy for DM cardiac complications.

CONCLUSION

This study demonstrates for the first time that NAC combined with insulin treatment can ameliorate type 1 DM-induced excessive
apoptosis of cardiomyocytes and attenuate myocardial injury by regulating TNF -mediated apoptotic pathway of membrane receptors
and affecting linear ubiquitination of related proteins. Meanwhile, the important pathogenic mechanisms of myocardial injury caused

by type 1 DM are described, and the significant limitations of insulin treatment alone for type 1 DM are revealed. It finally affirmed the
therapeutic effect of NAC combined with insulin on myocardial injury in type 1 DM, which provides reference for the development and
selection of therapeutic drugs, treatment and care plan of type 1 DM in the future clinic

Dludla PV, Dias SC, Obonye N, Johnson R, Louw J, Nkambule BB. A Systematic Review on the Protective Effect of N-Acetyl Cysteine
Against Diabetes-Associated Cardiovascular Complications.
Am J Cardiovasc Drugs. 2018 Aug;18(4):283-298

ABSTRACT

Introduction: Heart failure is the leading cause of death in patients with diabetes. No treatment currently exists to specifically protect
these patients at risk of developing cardiovascular complications. Accelerated oxidative stress-induced tissue damage due to persistent
hyperglycemia is one of the major factors implicatedin deteriorated cardiac function within a diabetic state. N-acetyl cysteine (NAC),
through its enhanced capacity to encanineenously synthesize glutathione, a potent antioxidant, has displayed abundant health-
promoting properties and has a favourable safety profile.

Obijective: An increasing number of experimental studies have reported on the strong ameliorative properties of NAC. We
systematically reviewed the data on the cardioprotective potential of this compound to provide an informative summary.

Methods: Two independent reviewers systematically searched major databases, including PubMed, Cochrane Library, Google scholar,
and Embase for available studies reporting on the ameliorative effects of NAC as a monotherapy or in combination with other therapies
against diabetes-associated cardiovascular complications. We used the ARRIVE and JBI appraisal guidelines to assess the quality of
individual studies included in the review. A meta-analysis could not be performed because the included studies were heterogeneous
and data from randomised clinical trials were unavailable.

Results: Most studies support the ameliorative potential of NAC against a number of diabetes-associated complications, including
oxidative stress. We discuss future prospects, such as identification of additional molecular mechanisms implicatedin diabetes-induced
cardiac damage, and highlight limitations, such as insufficient studies reporting on the comparative effect of NAC with common
glucose-lowering therapies. Information on the comparative analysis of NAC, in terms of dose selection, administration mode, and its
effect on different cardiovascular-related markers is important for translation into clinical studies.

Conclusions: NAC exhibits strong potential for the protection of the diabetic heart at risk of myocardial infarction through inhibition
of oxidative stress. The effect of NAC in preventing both ischemia and non-ischemic-associated cardiac damage is also of interest.
Consistency in dose selection in most studies reported remains important in dose translation for clinical relevance.

Reddi A, DeAngelis B, Frank O, Lasker N, Baker H. 1988. Biotin supplementation improves glucose and insulin tolerances in genetically
diabetic KK mice.
Life Sci. 42(13):1323-30.

ABSTRACT

Because biotin treatment may lower blood glucose in insulin-dependent diabetes, we chose to study such an effect in non-
insulindependent diabetes. Twenty-six diabetic KK mice, moderately hyperglycemic and insulin resistant, were treated for 10 weeks:
9 animals with 2 mg of biotin/Kg, 8 with 4 mg of biotin/Kg, and 9 with saline (controls). Blood glucose levels, oral glucose tolerance,
insulin response to oral glucose, and blood glucose decrease in response to insulin were quantitated. Compared to controls, biotin
treatment lowered post-prandial glucose levels, and improved tolerance to glucose and insulin resistance. Serum immunoreactive
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insulin levels in biotin-treated mice were like the controls.

Lazo de la Vega-Monroy ML, Larrieta E, German MS, Baez-Saldana A, Fernandez-Mejia C. 2013. Effects of biotin supplementation in the
diet on insulin secretion, islet gene expression, glucose homeostasis and beta-cell proportion.
The Journal of Nutritional Biochemistry. 24(1):169-177

ABSTRACT

Besides its role as a carboxylase cofactor, biotin has a wide repertoire of effects on gene expression, development and metabolism.
Pharmacological concentrations of biotin enhance insulin secretion and the expression of genes and signalling pathways that favour
islet function in vitro. However, the in vivo effects of biotin supplementation on pancreatic islet function are largely unknown. In the
present study, we investigated whether in vivo biotin supplementation in the diet has positive effects in rodent pancreatic islets.
Male BALB/cAnN Hsd mice were fed a control or a biotin-supplemented diet over 8 weeks postweaning and tested for glucose
homeostasis, insulin secretion, islet gene expression and pancreatic morphometry. Insulin secretion increased from the islets of
biotin-supplemented mice, together with the messenger RNA (mMRNA) expression of several transcription factors regulating insulin
expression and secretion, including forkhead box A2, pancreatic and duodenal homeobox 1 and hepatocyte nuclear factor 4 .

The mRNA abundance of glucokinase, Cacnald, acetyl-CoA carboxylase, and insulin also increased. Consistent with these effects,
glucose tolerance improved, and glucose-stimulated serum insulin levels increased in biotin-supplemented mice, without changes

in fasting glucose levels or insulin tolerance. Biotin supplementation augmented the proportion of beta cells by enlarging islet size
and, unexpectedly, also increased the percentage of islets with alpha cells at the islet core. mMRNA expression of neural cell adhesion
molecule 1, an adhesion protein participating in the maintenance of islet architecture, decreased in biotin-supplemented islets. These
findings provide, for the first time, insight into how biotin supplementation exerts its effects on function and proportion of beta cells,
suggesting a role for biotin in the prevention and treatment of diabetes.

Cranberry Extract (Bioflavanoids)

Hsia DS, Zhang DJ, Beyl RS, Greenway FL, Khoo C. Effect of daily consumption of cranberry beverage on insulin sensitivity and
modification of cardiovascular risk factors in adults with obesity: a pilot, randomised, placebo-controlled study.
Br J Nutr. 2020 Sep 28;124(6):577-585

ABSTRACT

Cranberries are high in polyphenols, and epidemiological studies have shown that a high-polyphenol diet may reduce risk factors

for diabetes and CVD. The present study aimed to determine if short-term cranberry beverage consumption would improve insulin
sensitivity and other cardiovascular risk factors. Thirty-five individuals with obesity and with elevated fasting glucose or impaired
glucose tolerance participated in a randomised, double-blind, placebo-controlled, parallel-designed pilot trial. Participants consumed
450 ml of low-energy cranberry beverage or placebo daily for 8 weeks. Changes in insulin sensitivity and cardiovascular risk factors
including vascular reactivity, blood pressure, RMR, glucose tolerance, lipid profiles and oxidative stress biomarkers were evaluated.
Change in insulin sensitivity via hyperinsulinaemic-euglycaemic clamp was not different between the two groups. Levels of
8-isoprostane (biomarker of lipid peroxidation) decreased in the cranberry group but increased in the placebo group ( 2-18 v. 20-81 pg/
ml; P = 0-02). When stratified by baseline C-reactive protein (CRP) levels, participants with high CRP levels (>4 mg/I) benefited more
from cranberry consumption. In this group, significant differences in the mean change from baseline between the cranberry (n 10)
and the placebo groups (n 7) in levels of TAG ( 13:75 v. +10-:32 %; P = 0-04), nitrate (+3:26 v. 6:28 Qmol/I; P = 0-02) and 8-isoprostane
(+0:32 v. +30-8 pg/ml; P = 0-05) were observed. These findings indicate that 8 weeks of daily cranberry beverage consumption may
not impact insulin sensitivity but may be helpful in lowering TAG and changing certain oxidative stress biomarkers in individuals with
obesity and a pro-inflammatory state.

Gupta A, Jamal A, Jamil DA, Al-Aubaidy HA. 2023. A systematic review exploring the mechanisms by which citrus bioflavonoid
supplementation benefits blood glucose levels and metabolic complications in type 2 diabetes mellitus.
Diabetes Metab Syndr. 17(11):102884.

ABSTRACT

Background: Citrus bioflavonoids are polyphenolic compounds that are derived from citrus fruits and vegetables. Although they are
well known for their powerful antioxidant properties, their effects on glycemic control are not well understood. This review aims to
highlight the potential benefits of using citrus bioflavonoids in patients with type 2 diabetes mellitus and its metabolic complications, as
well as the medicinal effects of known subclasses of naturally occurring citrus bioflavonoids.

Methods: In this systematic review, a survey of studies was conducted from January 2012 to February 2023 using various databases
(PubMed, Medline, Google Scholar, and Scopus) to determine the effects of citrus bioflavonoid supplementation on reducing oxidative
stress, improving lipid profiles, and glycemic index in patients with diabetes mellitus, as well as the proposed mechanisms of action.

Results: The results of the survey indicate that citrus bioflavonoids may have a positive impact on reducing oxidative stress levels in
patients with type 2 diabetes mellitus. In addition to reducing oxidative stress, citrus bioflavonoids may also have a positive impact on
other markers of diabetes. For example, studies have shown that they can reduce non-enzymatic protein glycation, which is a process
that occurs when glucose molecules bind to proteins in the body.

Conclusion: The reduction in oxidative stress that can be achieved using citrus bioflavonoids may help to maintain antioxidant levels in
the body, thereby reducing the severity of diabetes and its complications. These findings suggest that citrus bioflavonoids may be a
useful complementary therapy for patients with diabetes.

Extracts form article
Description of the commonly known bioflavonoids and their potential sources.

Quercetin: An important flavonoid and is present in onions, tea, apple, cranberries, and beans Decreasing lipid peroxidation, increasing
antioxidant enzymes activities, inhibition of insulindependent activation of phosphoinositide 3-kinase (PI3K), and reduction in intestinal
glucose absorption by inhibiting GLUT2 in diabetic rats as well as in human . Also, it showed a neuroprotective effect mainly on the
myenteric neurons and glia in the cecum in diabetic rats.
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Kaempferol: A known flavonol, is naturally present in various fruits and vegetables, including grapefruit, apples, cranberries,
strawberries, peas, chives, spinach, leek, and tomatoes. Potent antioxidant, anti-inflammmatory, antidiabetic, and neuroprotective
properties in patients with T2DM.

Proanthocyanidins: A type of flavanol, are widely found in fruits and berries (persimmon, apple, cranberry, blueberry, and black
raspberry). It modulates oxidative DNA damage during cellular senescence induced by H202. Improved the progression of diabetic
nephropathy and retinopathy, reduced body weight and, advanced glycation end products, blood urea nitrogen, and creatinine. Effects
on diabetic nephropathy: suppressing glomerular hypertrophy, reducing interstitial fibrosis, repressing vascular lesions, and decreasing
angiogenesis in diabetic rats. Promising protection against diabetic neuropathy, improving mechanical allodynia and sciatictibial nerve
conductive velocity, and alleviating nerve impairment in diabetic rats without affecting body weight or plasma glucose.

Enterococcus Faecium

Rad AH, Abbasalizadeh S, Vazifekhah S, Abbasalizadeh F, Hassanalilou T, Bastani P, Ejtahed HS, Soroush AR, Javadi M, Mortazavian AM,
Khalili L. 2017. The Future of Diabetes Management by Healthy Probiotic Microorganisms.

Curr Diabetes ReVv.13(6):582-589.

ABSTRACT

Background: Diabetes mellitus, a condition of multifactorial origin, is related to the intestinal microbiota by numerous molecular
mechanisms. Controlling the vast increase in the prevalence of diabetes needs a natural and safe solution. Probiotics, known as live
microorganisms that exert health benefits to the host, have anti-diabetic property.

Objective: This review will highlight the current evidences in probiotic effectiveness and future prospects for exploring probiotic
therapy in the prevention and control of diabetes.

Methods: We searched Pub Med and Science Direct by using “Probiotics” and “Diabetes” for searching the studies aiming the
application of probiotics and the beneficial effects of probiotics in diabetes prevention and control.

Results: It has been shown that probiotics can increase insulin sensitivity and reduce autoimmune responses by modulating intestinal
microbiota and decreasing the inflammatory reactions and oxidative stress. Recent evidences show that probiotics influences the host
through modulating intestinal permeability and mucosal immune response, manipulating eating behaviours by appetite-regulating
hormones and controlling gut endocannabinoid (eCB) system that is believed to be associated with inflammation and diabetes.
Moreover, modulating the intestinal microbiota by probiotics controls host metabolism by affecting energy extraction from food and by
biochemically converting molecules derived from the host or from gut microbes themselves.

Conclusion: Experimental and clinical evidences support the hypothesis that the modulation of the gut microbiota by probiotics could
be effective in prevention and management of diabetes.

Kocsis T, Molnar B, Németh D, Hegyi P, Szakacs Z, Balint A, Garami A, Sods A, Marta K, Solymar M. 2020. Probiotics have beneficial
metabolic effects in patients with type 2 diabetes mellitus: a meta-analysis of randomised clinical trials.
Sci Rep. 16;10(1):11787.

ABSTRACT

Probiotics have been reported to have a positive impact on the metabolic control of patients with type 2 diabetes. We aimed to
systematically evaluate the efects of probiotics on cardiometabolic parameters in type 2 diabetes based on randomised controlled
studies. MEDLINE, Embase, and CENTRAL databases were reviewed to search for randomised controlled trials that examined the
efects of probiotic supplementation on cardiometabolic parameters in patients with type 2 diabetes. 32 trials provided results suitable
to be included in the analysis. The efects of probiotics were calculated for the following parameters: BMI, total cholesterol levels, LDL,
triglycerides, HDL, CRP, HbAlc levels, fasting plasma glucose, fasting insulin levels, systolic and diastolic blood pressure values. Data
analysis showed a signifcant efect of probiotics on reducing total cholesterol, triglyceride levels, CRP, HbAlc, fasting plasma glucose,
fasting insulin levels, and both systolic and diastolic blood pressure values. Supplementation with probiotics increased HDL levels
however did not have a signifcant efect on BMI or LDL levels. Our data clearly suggest that probiotics could be a supplementary
therapeutic approach in type 2 diabetes mellitus patients to improve dyslipidemia and to promote better metabolic control. According
to our analysis, probiotic supplementation is benefcial in type 2 diabetes mellitus.

Lutein & Zeaxanthin

Williams DL. Oxidation, antioxidants and cataract formation: a literature review.
Veterinary Ophthalmology. 2006; 9 (5): 292-298

ABSTRACT

Purpose This review aims to provide a literature survey of the association between photo-oxidation of lens proteins and lipid
peroxidation with the genesis of age-related cataract in laboratory studies using rodent models, in epidemiological and interventional
studies in humans.

Materials and methods A Medline search using initial search terms lens, oxidation, antioxidant, and diet was employed to search for
research papers covering the areas noted above from 1995 to 2005. Literature cited in those papers was also reviewed to provide as
comprehensive a coverage of research work as possible.

Results Lens protein photo-oxidation and lipid peroxidation are widely acknowledged as important steps in age-related
cataractogenesis. Dietary antioxidants are central in retarding cataractogenesis, although most evidence for this is gained from
laboratory-based work on relatively unphysiologic rodent cataract models, using antioxidant regimes that could not be sustained in
clinical practice. Most research in humans is retrospective epidemiology although some interventional research has been undertaken,
with mixed results.

Conclusions Dietary antioxidants are likely to be important in retarding cataractogenesis in older animals and in humans. Work on
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companion animals could provide a valuable stepping stone between rodent-based laboratory work and human interventional studies.

Ma L, Lin X-M. 2010. Effects of lutein and zeaxanthin on aspects of eye health.
Journal of the Science of Food and Agriculture. 90(1):2-12.

ABSTRACT

Lutein and zeaxanthin are members of the oxygenated carotenoids found particularly in egg yolks and dark-green leafy vegetables.
A great deal of research has focused on their beneficial roles in eye health. The present article summarises the current literature
related to the bioactivity of these carotenoids, emphasising their effects and possible mechanisms of action in relation to human

eye health. Available evidence demonstrates that lutein and zeaxanthin are widely distributed in a number of body tissues and are
uniquely concentrated in the retina and lens, indicating that each has a possible specific function in these two vital ocular tissues.
Most of epidemiological studies and clinical trials support the notion that lutein and zeaxanthin have a potential role in the prevention
and treatment of certain eye diseases such as age-related macular degeneration, cataract and retinitis pigmentosa. The biological
mechanisms for the protective effects of these carotenoids may include powerful blue-light filtering activities and antioxidant
properties. Although most studies point towards significant health benefits from lutein and zeaxanthin, further large-scale randomised
supplementation trials are needed to define their effects on ocular function in health and disease.

EXCLUDED INGREDIENTS

Chromium Picolinate

Schachter S, Nelson RW, Kirk CA. 2001. Oral Chromium Picolinate and Control of Glycemia in Insulin Treated Diabetic Canine.
Journal of Veterinary Internal Medicine. 15(4):379-384.

ABSTRACT

Chromium is an essential dietary trace mineral involved in carbohydrate and lipid metabolism. Chromium is required for cellular uptake
of glucose, and chromium deficiency causes insulin resistance. Chromium supplementation may improve insulin sensitivity and has
been used as adjunct treatment of diabetes mellitus in humans. In this study, 13 canine with naturally acquired diabetes mellitus were
treated with insulin for 3 months, then with insulin and chromium picolinate for 3 months. Canine weighing ,15 kg (33 Ib; n 5 9) were
administered 200 mg of chromium picolinate PO once daily for 1 month, then 200 mg of chromium picolinate twice daily for 2 months.
Canine weighing .15 kg (n 5 4) received 200 mg of chromium picolinate once daily for 2 weeks, then 200 mg twice daily for 2 weeks,
then 400 mg twice daily for 2 months. Type of insulin, frequency of insulin administration, and diet were kept constant, and insulin
dosage was adjusted, as needed, to maintain optimal control of glycemia. Mean body weight, daily insulin dosage, daily caloric intake,
10-hour mean blood glucose concentration, blood glycated hemoglobin concentration, and serum fructosamine concentration were
not markedly different when canine were treated with insulin and chromium picolinate, compared with insulin alone. Adverse effects
were not identified with chromium picolinate administration. Results of this study suggest that, at a dosage range of 20-60 mg/kg/d,
chromium picolinate caused no beneficial or harmful effects in insulin-treated diabetic canine.

Cohn LA, Dodam JR, McCaw DL, Tate DJ. Effects of chromium supplementation on glucose tolerance in obese and nonobese feline.
Am J Vet Res. 1999 Nov;60(11):1360-3.

ABSTRACT
Objective: To determine effects of dietary supplementation with chromium (Cr) picolinate on health and response to i.v. glucose
tolerance testing (IVGTT) in obese and nonobese feline.

Animals: 7 obese and 12 nonobese feline.

Procedure: 6 nonobese feline were untreated controls, whereas 6 different nonobese feline and 7 obese feline received oral
administration of 100 microg Cr/d for 6 weeks. All feline were evaluated before and immediately after the treatment period by use of
physical examination, CBC, serum biochemical analyses, and IVGTT. Calculated values included glucose half-life, coefficient of glucose
disappearance, insulin peak response, insulinogenic index, and insulin secretion rate determined at various times after start of IVGTT.

Results: Adverse effects on feline’ health were not observed during or after treatment, and significant changes in body weight,
hematologic values, or most serum biochemical values were not detected. Serum potassium concentration decreased significantly after
treatment in obese feline but was within reference range. Compared with nonobese feline, obese feline had significantly higher insulin
peak response, insulinogenic index, and insulin secretion rate before and after treatment. Chromium supplementation did not alter
responses to IVGTT in either treatment group.

Conclusions and clinical relevance: Dietary supplementation with 100 microg of Cr/d for 6 weeks is safe but does not affect glucose
tolerance in obese or nonobese feline.
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HEPAFOCUS (cANINE)

DESCRIPTION ADVANTAGES
ACTS AS A NUTRITIONAL
AID IN THE MANAGEMENT
OF LIVER DISEASE AND
TOXICOSIS.

Evidence-based raw
materials

Canine-specific formulation
designed for optimal hepatic
metabolism

Combines mitochondrial
antioxidant (ALA) with

methyl donors (choline,
betaine, methionine) for
effective lipid clearance

Scientifically balanced for
both acute hepatic recovery
and long-term liver support

Easy to dose palatable
powder formulation

@O0 06 606

HEPAFOCUS

FOR DOGS

Available exclusively from Veterinarians and vet shops

(OMPOSITION DIRECTIONS FOR USE INDICATIONS

EACH KILOGRAM CONTAINS: Loading Dose: 1g per 2kg body weight Acts as a nutritional aid in the
twice daily for 10 days. management of liver disease and

Alpha-Lipoic Acid (Thioctic ACid)...cconnnnrieninene 209 Maintenance Dose: 1g per 2kg body toxicosis.

Vitamin B1 (Thiamine Mononitrate).......ccccccevveveeeevneee. 19 weight once daily for as long as

Vitamin B2 (Riboflavin).....cccoceeeeeeeceeceeeeeeee e 19 clinically required.

Vitamin Be (Pyridoxing HCl)....oocoeevveeeiieeceeecees 19 PA(KAGING

Vitamin B12 (Cyanocobalamin 1%).......cccceeveeveeeevennne. 19 * 509

IMOSIEOLerer et 5 FEEDING INSTRUCTIONS « 2509

DL-MethioniNe......cooiirciieiee e 109 Option 1: Add dry powder over ® 7509

Choline Chloride (60%) ...cccccoveeeveeereeeeeeeeeeeveane 1009 wet or dry food.

Vitamin E (d-Alpha Tocopheryl Acetate 50%)......... 69 Option 2: Mix 1 part powder and 2 parts

Betaine (ANhYdrous)......cooornrncseeeeeeeeeseeeens 109 water and pour over food as a gravy.

Beta-Glucans (1,3/1,6) .. 509 Option 3: Mix 2 parts powder and 1 part

Milk Thistle Extract (80% Silymarin)......ccccceevevee.. water to form a paste which can be

Cynara scolymus (Artichoke Extract 4:1)....
Whey Protein......cccoceevevenenn.
Desiccated Liver Extract ..100 g
Brewer’s Yeast POWder........ccooviirncncccceceeens 120 g

SAFETY AND MINIMUM AGE GUIDANCE

- Minimum safe age =12 weeks (3 months)
- Vet-supervised use 8-12 weeks (/2 dose if indicated)
- Contraindicated < 8 weeks
- Not for use in feline

dosed with a syringe.

VetsBrands

Quality assured by Vets
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HEPAFOCUS

Dear Veterinarian

HepaFocus powder is a theraceutical product that has been developed exclusively as a nutritional supplement formulated to support
liver function in canine. This product is available from your veterinary wholesaler.

HepaFocus is a powder supplement designed for oral administration in canine and feline. It is positioned as a nutritional aid intended to
complement the management of various liver-related conditions.

HepaFocus is indicated for use in:

¢ Liver Disease

¢ Pancreatic Disease

* Toxicosis

¢ Post-biliary treatment (in canine)

HepaFocus incorporates a combination of 18 science-based ingredients, including:

Vitamins: Thiamine (B1), Riboflavin (B2), Pyridoxine (B6), Cyanocobalamin (B12)

Antioxidants: Thioctic Acid (Alpha-Lipoic Acid)

Essential Nutrients: Inositol, DL-Methionine, Choline Chloride, Phosphatidylcholine-Lecithin

Additional Ingredients: D-Alpha Vitamin E, Betaine, Beta Glucan, Chizandria Extract, Milk Thistle Extract (Silymarin), Cynara Scolymus
(Artichoke), Whey Protein, Desiccated Liver Extract, Brewers Yeast Powder

Key Ingredients and Potential Benefits:

Thioctic Acid: This potent antioxidant possesses hepatoprotective properties and has demonstrated efficacy in manageing paracetamol
toxicity and specific wild mushroom poisoning.

B Vitamins (B1, B6, B12): Research suggests these vitamins have a protective effect on the liver in canine and feline.

Natural Plant Extracts: HepaFocus includes ingredients like milk thistle (Silymarin) and artichoke (Cynara Scolymus), known for their
potential liver-protective properties.

Regards
Dr Ockert Botha (BVSc)

Extracts of Scientific Publications
Thioctic Acid (Alpha-Lipoic Acid)

Zicker SC, Hagen TM, Joisher N, Golder C, Joshi DK, Miller EP. Safety of long-term feeding of dl-alpha-lipoic acid and its effect on
reduced glutathione:oxidized glutathione ratios in beagles.
Vet Ther. 2002 Summer;3(2):167-76.

ABSTRACT

Alpha-lipoic acid is touted as a powerful antioxidant and possibly a conditionally essential nutrient in older mammals. The safety

and efficacy of dl-alpha-lipoic acid was evaluated in 30 adult beagles that were evenly randomised into five groups, each of which

was fed one of five different foods with varying inclusion rates of dl-alpha-lipoic acid (0, 150, 1500, 3000, and 4500 ppm). All canine
were fed their respective portion of food daily as their sole source of nutrition for 6 months. Evaluations included general health, body
weight, food intake, hematologic and serum biochemical parameters, and glutathione:oxidized glutathione (GSH:GSSG) ratios in
lymphocytes. No signs of toxicity were observed at any except the highest level of dl-alpha-lipoic acid inclusion, and no consistent
abnormalities were noted in hematologic or biochemical measures at any level. There was a significant overall effect (P< .05) of food on
the difference of GSH:GSSG ratio between Day 84 and Day O. All inclusions of dl-alpha-lipoic acid increased the ratio of GSH:GSSG with
the largest numeric improvement occurring at the lowest inclusion rate (150 ppm).

Becker CE, Tong TG, Boerner U, Roe RL, ScoTT AT, MacQuarrie MB, Bartter F. Diagnosis and treatment of Amanita phalloides-type
mushroom poisoning: use of thioctic acid.
West J Med. 1976 Aug;125(2):100-9

ABSTRACT

The number of cases of mushroom poisoning is increasing as a result of the increasing popularity of “wild” mushroom consumption.
Amanitin and phalloidin cytotoxins found in some Amanita and Galerina species produce the most severe and frequent life-threatening
symptoms of Amanita phalloidestype poisoning. Delay in onset of symptoms, individual susceptibility variation and lack of rapid and
reliable identification have contributed to the significant morbidity and mortality of this type of poisoning.A rapid chromatographic
assay for identifying the potent cytotoxins and apparently successful management using thioctic acid of two cases of A. phalloides-
type mushroom poisoning are reported. All known cases of A. phalloides-type mushroom poisoning treated with thioctic acid in the
United States are summarised.

Anthony, R.M.; MacLeay, J.M.; Jewell, D.E.; Brejda, J.J.; Gross, K.L. 2021. Alpha-Lipoic Acid Is an Effective Nutritive Antioxidant for
Healthy Adult Canine.
Animals. 11, 274. https://doi.org/10.3390/ani11020274

ABSTRACT
This study was designed to determine the effect of alpha-lipoic acid on the glutathione status in healthy adult canine. Following a
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15 month baseline period during which canine were fed a food containing no alpha-lipoic acid, canine were randomly allocated into
four groups. Groups were then fed a nutritionally complete and balanced food with either O, 75, 150 or 300 ppm of alpha-lipoic acid
added for 6 months. Evaluations included physical examination, body weight, food intake, hematology, serum biochemistry profile
and measurements of glutathione in plasma and erythrocyte lysates. Throughout, blood parameters remained within reference ranges,
canine were healthy and body weight did not change significantly. A significant increase of 0.05 ng/mL of total glutathione in red
blood cell (RBC) lysate for each 1 mg/kg body weight/day increase in a-LA intake was observed. In addition, a significant increase was
observed for GSH, GSSG and total glutathione in RBC lysate at Month 6. We conclude that alpha-lipoic acid, as part of a complete and
balanced food, was associated with increasing glutathione activity in healthy adult canine.

Keywords: alpha-lipoic; acid; nutritive antioxidant; glutathione; healthy adult canine

Mohammed, Aseel H.; AL-Rekabi, Falah M. K.; Hassan, Duaa F. 2022. The role of Alpha-lipoic acid in ameliorating the hepatotoxicity of
paracetamol in male mice.
Biochemical & Cellular Archives. Vol 22, Issue 1.

ABSTRACT

This study is conducted to investigate the potential therapeutic role of lipoic acid to counteract the hepatotoxicity of the mostly, used
over the counter pain killer paracetamol. In order to achieve this goal, a total of thirty male Bulb-C mice with the age of 8 weeks and
body weight range 20-25 gm have been involved in this completely randomised controlled study. The animals divided into three equal
groups, assigned as follow and administered all medicines in question for 30 days orally via gastric gavage. Group1(C+ve) received 500
mg/kg. BW Paracetamol and kept on distilled water, group 2(C-ve) received distilled water only and considered control negative (G2),
while group 3(G3) received 500 mg/Kg.BW paracetamol plus lipoic acid 20mg\kg.B.W. Various biochemical markers included ALT, ALP,
Serum total protein (TP), total serum bilirubin (TB), BUN and serum glutathione have been involved to evaluate the role of Alpha-lipoic
acid in ameliorating the hepatotoxic effect of paracetamol. The animals of treated group with paracetamol plus lipoic acid exhibited

a significant P£0.01 decrease after 30 day of treatment and one week after treatment withdrawal in ALT and ALP serum activity, TB
and BUN when compared to the control positive group, while serum glutathione showed significant PEO.Oldecrease after 30 days

of treatment in comparison with C-ve, but after one week of treatment withdrawal showed significant P £0.01 increase. It could be
concluded that lipoic acid has potential anti-dotal efficiency against subacute exposure to toxic dose of acetaminophen (Paracetamol)
in mice.

Ahmed O. Abdel-Zaher, Randa H. Abdel-Hady, Madeha M. Mahmoud, Magda M.Y. Farrag. 2008.
The potential protective role of alpha-lipoic acid against acetaminophen-induced hepatic and renal damage.
Toxicology. Volume 243 (3): 261-270.

ABSTRACT

The potential protective role of alpha-lipoic acid ( -LA) in acetaminophen (APAP)-induced hepatotoxicity and nephrotoxicity was
investigated in rats. Pretreatment of rats with -LA (100 mg/kg) orally protected markedly against hepatotoxicity and nephrotoxicity
induced by an acute oral toxic dose of APAP (2.5 g/kg) as assessed by biochemical measurements and by histopathological
examination. None of -LA pretreated animals died by the acute toxic dose of APAP. Concomitantly, APAP-induced profound elevation
of nitric oxide (NO) production and oxidative stress, as evidenced by increasing of lipid peroxidation level, reducing of glutathione
peroxidase (GSH-Px) activity and depleting of intracellular reduced glutathione (GSH) level in liver and kidney, were suppressed by
pretreatment with -LA. Similarly, daily treatment of rats with a smaller dose of -LA (25 mg/kg) concurrently with a smaller toxic dose
of APAP (750 mg/kg) for 1 week protected against APAP-induced hepatotoxicity and nephrotoxicity. This treatment also completely
prevented APAP-induced mortality and markedly inhibited APAP-induced NO overproduction and oxidative stress in hepatic and renal
tissues. These results provide evidence that inhibition of NO overproduction and maintenance of intracellular antioxidant status may
play a pivotal role in the protective effects of -LA against APAP-induced hepatic and renal damage.

El-Mancy EM, Elsherbini DMA, Al-Serwi RH, ElI-Sherbiny M, Ahmed Shaker G, Abdel-Moneim A-MH, Enan ET, Elsherbiny NM. 2022.
-Lipoic Acid Protects against Cyclosporine A-Induced Hepatic Toxicity in Rats: Effect on Oxidative Stress, Inflammation, and

Apoptosis.

Toxics. 10(8):442

ABSTRACT

The clinical application of cyclosporine A (CsA) as an immunosuppressive agent is limited by its organ toxicity. We aimed to evaluate
the effectiveness of -lipoic acid against CsA-induced hepatotoxicity and to delineate the underlying molecular mechanisms. Male
Wistar rats (n = 24, 8 per each group) received the vehicle, CsA (25 mg/kg) and/or ALA (100 mg/kg, p.o.) for 3 weeks. Biochemical
markers of liver function (serum ALT, AST, ALP < GGT), oxidative stress (MDA, TAC, SOD, GSH, Nrf2/HO-1), inflammation (NF- B, CD68,
iINOS, NO, COX-2), and apoptosis (caspase3) were assessed in serum and tissue. Liver histological analysis using H&E and Sirius red
was performed. The development of liver injury in CsA-treated animals was indicated by elevated levels of liver enzymes, oxidants/
antioxidants imbalance, inflammatory cells infiltration, up-regulated expression of inflammatory mediators, and apoptosis. These
changes were associated with altered architecture of hepatic cells and fibrous connective tissue. ALA co-administration protected
against CsA-induced liver damage and ameliorated biochemical changes and cellular injury. In conclusion, ALA demonstrated
hepatoprotective potential against CsA-induced liver injury through combating oxidative stress, inflammation, and apoptosis,
highlighting ALA as a valuable adjunct to CsA therapy.

Vit B1 (Thiamine), Vit B2 (Riboflavin), Vit B6 (Pyridoxine) & Vit B12 Cyanocabalamin

Bagavan Reddy P, Sonali Namdeo, Vaani Shreeya T, Trishna Das, Mani Kumar and Divya Katam. 2023. Nutritional management of liver
diseases in canine and feline.
The Pharma Innovation Journal. 12(1): 1352-1359

ABSTRACT

Liver diseases are common in canine and feline. The potential causes are numerous including viral,

bacterial, and parasitic infections, toxins, cancerous processes, and drugs like phenobarbital, non-steroid anti-inflammatory drugs, and
steroids. Treatment and prognosis of liver disease rely on the underlying cause. However, most of the cases can be successfully treated
because of the incredible regenerative capacity of the liver. The treatment strategies target providing rest to the liver and minimizing
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the functions dealing with carbohydrates, proteins, fat, and drug metabolism. Successful management of the disease requires a
proper understanding of hepatic metabolism and the nutritional process. Nutrients can influence the development and function of
the gastrointestinal tract, and manipulation of diet can be exercised as a therapeutic strategy to be used alone or in combination with
drug therapy to provide promising results. This article provides a review of hepatic diseases in canine and feline and their nutritional
management.

EXTRACT FROM TEXT

For patients with liver disease, prolonged anorexia or hyporexia (if present) and reduced hepatic metabolic capacity make the adequate
intake of B vitamins essential. Thiamine is an essential coenzyme in intermediate carbohydrate metabolism, functioning as a coenzyme
in the pentosephosphate pathway (transketolase) and tricarboxylic acid cycle (pyruvate decarboxylase and a-ketoglutarate). Deficiency
induces a syndrome known as Wernicke’s encephalopathy, which is easily avoided by supplementation with a balanced vitamin formula
(Reuler et al., 1985) (32) . Thiamine (vitamin B1) supplementation is recommended in patients with hepatic diseases, especially in feline
as they are more sensitive to thiamine deficiency. Thiamine deficiency signs are similar to that of hepatic encephalopathy. Thiamine
Dosage for feline is 10-25 mg IM and for canine is 50-250 mg/canine IM or PO, given until signs resolve (Ramsey et al., 2017) (31).
Cobalamin (vitamin B12) is likely to be deficient in feline with concurrent pancreatitis or intestinal malassimilation (Simpson, 2015)

(38). Subnormal concentrations of vitamin B12 have been demonstrated in some feline with cholangiohepatitis associated with chronic
inflammatory bowel disease. Low concentrations of cobalamin have been documented in feline with hepatic lipidosis. Degenerative liver
disease has been diagnosed in young Beagles as a result of hereditary cobalamin malabsorption due to tubulin gene mutation

(Kook et al., 2014) (16). Injectable vitamin B-12 (1 mg every 7-28 d) has successfully repleted plasma vitamin concentrations.

De Andrade Belo MA, Soares VE, de Souza LM, da Rosa Sobreira MF, Cassol DM, Toma SB. 2012. Hepatoprotective treatment attenuates
oxidative damages induced by carbon tetrachloride in rats.
Exp Toxicol Pathol. 2012 Mar;64(3):155-65.

ABSTRACT

The present study evaluated the hepatoprotective effect of an N-acetyl dl-methionine+choline chloride+caffeine+thiamine
hydrochloride+nicotinamide+pyridoxine hydrochloride compound at doses of 0.2, 0.6 and 1.0 mL/kg of b.w., and the assessment was
done by the investigation of serum-enzymatic activity, metabolic functions of the liver and histophatological changes in female Wistar
rats, which were subjected to experimental intoxication with CCl(4). One hundred and nineteen rats were randomly distributed into

17 groups, performing five different treatments, being evaluated seven animals per treatment in four periods: 2, 4, 6 and 8 days after
CCI(4)-induced intoxication. Treated rats with the hepatoprotective medicine (HM) presented a significant reduction in infiltration

of inflammatory cells, steatosis, necrosis and liver congestion when compared to non-treated rats (control). Beside these results, the
treatment showed a positive effect on circulatory alterations in the intoxicated animals, with reduction of spleen and renal congestion,
as well as, promotion of a significant improvement in ALT, AST, LDH, ALP, GGT enzymatic serum activity reduction and in recovering
liver function regarding the metabolism of urea, triglycerides and glucose. These findings indicate therapeutic usefulness of the
compound when administered at dose 0.6 and 1.0 mL/kg of b.w. in female Wistar rats.

Cristina S, Naira L, Mendes Braz M, Vania Aparecida Terra, Cecchini R, Matheus Ribeiro Augusto, Fernando Silva Ramalho. 2014.
Riboflavin (vitamin B-2) reduces hepatocellular injury following liver ischaemia and reperfusion in mice.
Food and Chemical Toxicology. 67:65-71

ABSTRACT

Riboflavin has been shown to exhibit anti-inflammatory and antioxidant properties in the settings of experimental sepsis and ischaemia/
reperfusion (I/R) injury. We investigated the effect of riboflavin on normothermic liver I/R injury. Mice were submitted to 60 min of
ischaemia plus saline or riboflavin treatment (30 Qmoles/kg BW) followed by 6 h of reperfusion. Hepatocellular injury was evaluated by
aminotransferase levels, reduced glutathione (GSH) content and the histological damage score. Hepatic neutrophil accumulation was
assessed using the naphthol method and by measuring myeloperoxidase activity. Hepatic oxidative/nitrosative stress was estimated

by immunohistochemistry. Liver endothelial and inducible nitric oxide synthase (eNOS/iNOS) and nitric oxide (NO) amounts were
assessed by immunoblotting and a chemiluminescence assay. Riboflavin significantly reduced serum and histological parameters of
hepatocellular damage, neutrophil infiltration and oxidative/nitrosative stress. Furthermore, riboflavin infusion partially recovered
hepatic GSH reserves and decreased the liver contents of eNOS/iINOS and NO. These data indicate that riboflavin exerts antioxidant
and anti-inflammatory effects in the ischaemic liver, protecting hepatocytes against I/R injury. The mechanism of these effects appears
to be related to the intrinsic antioxidant potential of riboflavin/dihydroriboflavin and to reduced hepatic expression of eNOS/iNOS and
reduced NO levels, culminating in attenuation of oxidative/nitrosative stress and the acute inflammatory response.

Pani A, Giossi R, Menichelli D, Fittipaldo VA, Agnelli F, Inglese E, Romandini A, Roncato R, Pintaudi B, Del Sole F, Scaglione F. 2020.
Inositol and Non-Alcoholic Fatty Liver Disease: A Systematic Review on Deficiencies and Supplementation.

Nutrients. 2020 Nov 3;12(11):3379.

ABSTRACT

Liver lipid accumulation is a hallmark of non-alcoholic fatty liver disease (NAFLD), broadly associated with insulin resistance. Inositols
(INS) are ubiquitous polyols implied in many physiological functions. They are produced encanineenously, are present in many foods
and in dietary supplements. Alterations in INS metabolism seems to play a role in diseases involving insulin resistance such as diabetes
and polycystic ovary syndrome. Given its role in other metabolic syndromes, the hypothesis of an INS role as a supplement in NAFLD is
intriguing. We performed a systematic review of the literature to find preclinical and clinical evidence of INS supplementation efficacy
in NAFLD patients. We retrieved 10 studies on animal models assessing Myoinosiol or Pinitol deficiency or supplementation and one
human randomised controlled trial (RCT). Overall, INS deficiency was associated with increased fatty liver in animals. Conversely, INS
supplementation in animal models of fatty liver reduced hepatic triglycerides and cholesterol accumulation and maintained a normal
ultrastructural liver histopathology. In the one included RCT, Pinitol supplementation obtained similar results. Pinitol significantly
reduced liver fat, post-prandial triglycerides, AST levels, lipid peroxidation increasing glutathione peroxidase activity. These results,
despite being limited, indicate the need for further evaluation of INS in NAFLD in larger clinical trials.
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DL Methionine

Mato JM, Martinez-Chantar ML, Lu SC. 2008. Methionine Metabolism and Liver Disease.
Annual Review of Nutrition. 28(1):273-293

ABSTRACT

In the early 1930s, Banting and Best, the discoverers of insulin, found that choline could prevent the development of fatty liver disease
(steatosis) in pancreatectomized canine treated with insulin. Later work indicated that in rats and mice, diets deficient in labile methyl
groups (choline, methionine, betaine, folate) produced fatty liver and that long-term administration of diets deficient in choline

and methionine also caused hepatocellular carcinoma. These experiments not only linked steatosis and diabetes but also provided
evidence, for the first time, of the importance of labile methyl group balance to maintain normal liver function. This conclusion is now
amply supported by the observation of mice devoid of key enzymes of methionine and folate metabolism and in patients with severe
deficiencies in these enzymes. Moreover, treatments with various methionine metabolites in experimental animal models of liver disease
show hepatoprotective properties.

Choline Chloride

Innis SM, Hasman D. Evidence of choline depletion and reduced betaine and dimethylglycine with increased homocysteine in plasma of
children with cystic fibrosis.
J Nutr. 2006 Aug;136(8):2226-31

ABSTRACT

Cystic fibrosis (CF) is associated with many clinical complications including steatosis for which the relation to defective CF
transmembrane conductance regulator protein is unclear. Choline deficiency results in hepatic steatosis. Choline is the precursor of
betaine, which donates methyl groups for remethylation of homocysteine to methionine and dimethylglycine. Previously, we have
shown phospholipid malabsorption and increased plasma homocysteine in children with CF. In these studies we used normal phase
HPLC with tandem mass spectrometry to determine plasma choline, betaine, and dimethylglycine in children with CF (n = 34) and
healthy control children without CF (n = 15). Plasma choline, betaine, and dimethylglycine were significantly lower in children with
CF (means +/- SEM, 6.48 +/- 0.35, 23.8 +/- 1.49, 1.49 +/- 0.13 mumol/L, respectively) than in children without CF (8.98 +/- 0.46, 37.3
+/-1.84, 3.01 +/- 017 mumol/L, respectively). Plasma choline (r = 0.373, P = 0.007) and betaine (r = 0.399, P = 0.005) were positively
related to methionine, and choline was inversely related to homocysteine (r = -0.316, P = 0.03). Choline, betaine, and dimethylglycine
were all significantly and positively related to the plasma S-adenosylmethionine:S-adenosylhomocysteine (SAM:SAH) ratio (r = 0.294,
r=0.377,r = 0.442, respectively; P < 0.05). The plasma choline:betaine and betaine:dimethylglycine ratios did not differ between

the children with CF and the control children, suggesting no increase in betaine synthesis, or betaine-dependent remethylation of
homocysteine. These studies suggest that choline depletion may contribute to increased homocysteine in children with CF. Choline
depletion and altered thiol metabolism may contribute to the clinical complications associated with CF.

Do Nascimento, R.C.; Souza, C.M.M.; Bastos, T.S.; Kaelle, G.C.B.; de Oliveira, S.G.; Félix, A.P. 2022. Effects of an Herbal Source of Choline
on Diet Digestibility and Palatability, Blood Lipid Profile, Liver Morphology, and Cardiac Function in Canine.
Animals 2022, 12, 2658. https://doi.org/10.3390/ani1219265

ABSTRACT

We aimed to evaluate the effects of an herbal source of choline on the coefficients of total tract apparent digestibility (CTTAD), diet
palatability, fecal characteristics, blood variables, liver morphology, and cardiac function of canine. Sixteen adult canine were randomly
assigned to two groups (n = 8) which were fed two different diets for 45 days: control, containing 0.28% choline chloride 60, and test,
containing 0.14% of an herbal source of choline. Feces were collected between days 39 and 44 to determine nutrient CTTAD and fecal
characteristics. On days O and 45, blood samples were collected and the liver morphology was evaluated. Cardiac function, in turn, was
evaluated only on day 45, and the palatability test was performed on two consecutive days (n = 32). There were no changes in nutrient
CTTAD, diet palatability, or fecal characteristics of canine fed the test diet (p > 0.05). However, on day 45, canine fed the test diet
showed lower (p < 0.05) serum total cholesterol, triglycerides, alkaline phosphatase, and alanine aminotransferase when compared to
the control group. We concluded that the herbal source of choline can be a possible substitute for choline chloride in canine nutrition.

Keywords: blood metabolites; canine; choline chloride; herbal additive; liver morphology; lipidic metabolism.

Giannetto, C.; Arfuso, F.; Giudice, E.; Rizzo, M.; Piccione, G.; Mhalhel, K.; Levanti, M. 2022. Antioxidant and Hepatoprotective Effect of a
Nutritional Supplement with Silymarin Phytosome, Choline Chloride, I-Cystine, Artichoke, and Vitamin E in Canine.
Antioxidants. 11, 2339. https://doi.org/10.3390/antiox1112233

ABSTRACT

Phytotherapy has been promoted for the treatment of liver diseases in canine. The interest in identifying the antioxidant/
hepatoprotective potential of various plants is increasing. Every 10 days for 30 days, forty canine were subjected to blood sampling
and hepatic ultrasound assessment. Clinically healthy canine (group A) and canine with liver enzyme and ultrasound hepatic aspects
and sizes outside the physiological range (group B) were divided into two subgroups. Every day for 30 days, one subgroup received
Epacare pet + pasta® and the other received a placebo. Differences due to groups were observed in dROM, SHp, AST and LDH serum
concentrations. The administration of Epacarepet + pasta® for 30 days had an influence on the serum concentration of dROMs, SHp,
AST, ALT, ALP, LDH, and urea. The application of paired Student’s t-test showed a decrease in the longitudinal and transverse liver axis
size. In conclusion, feed supplementation with Epacare pet + pasta® had a beneficial effect on the antioxidant status and liver enzymes
in animals with liver enzymatic alterations and in healthy canine.

Phosphatidylcholine-Lecithin

Duric M, Sivanesan S, Bakovic M. 2012. Phosphatidylcholine functional foods and nutraceuticals: A potential approach to prevent non
alcoholic fatty liver disease.
European Journal of Lipid Science and Technology. 114(4):389-398.
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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is the most common liver condition in the developed world and may progress to more severe
forms of disease such as cirrhosis or liver cancer. Thus, steps taken to reduce its prevalence through preventative nutritional approaches
such as functional foods and nutraceuticals (FFN) should be pursued. It is well known that certain lipotropic nutrients such as choline
and metabolites betaine and phosphatidylcholine (PC; lecithin) could prevent or alleviate fatty liver through a variety of mechanisms,
including increased hepatic VLDL secretion. Animal and human studies have demonstrated clear protective effects of choline, betaine
and PC for NAFLD as well as possible roles in CVD prevention from epidemiological data. Currently, choline consumption is below
dietary recommendations due in large part to a general lack of understanding regarding the importance of this nutrient for human
health. As lecithin is commonly added (in small amounts) in many processed foods due to its functional capabilities, it is projected that
increasing its abundance in the food supply and increasing consumer education and acceptance of lecithin-based functional foods and
nutraceuticals may represent a progressive step towards preventing liver and whole-body metabolic pathologies in many areas of the
world.

D-Alpha Vitamin E

Adikwu. 2012. Hepatoprotective effect of vitamin E.
American journal of pharmacology and toxicology. 7(4):154-163.

ABSTRACT

Drugs and some chemical agents are known to induce hepatotoxicity in humans which is of great concern to clinicians. Chemical agents
are been screen daily for their hepatoprotective properties. Among these chemical agents is vitamin E which has drawn wide attention
due to it reported hepatoprotective property as reported by researchers. This study collected and evaluated reports to ascertain the
hepatoprotective effect of vitamin E. A comprehensive literature review on the hepatoprotective property of vitamin E in humans

and animals was performed. In this review it was observed that vitamin E exhibited high hepatoprotective effect in animals but with
conflicting reports in humans. In humans vitamin E was reported to be beneficial in non alcoholic steatohepatitis, in obese children with
non fatty alcoholic liver disease, hepatitis B, hepatitis C and haemochromatosis. In animals it was reported to normalized hepatotoxicity
induced by drugs, and some chemical agents including heavy metals.Vitamin E exhibited hepatoprotective effect and decreased
oxidative stress in the liver manifested through decrease in microsomal lipid peroxidation, liver fibrosis, tumour necrosis factor,
inflammation and hepatic porphyrin. It normalized levels of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase,
serum bilirubin, glutathione superoxide dimutase, lactose dehydrogenase, malondialdehyde and improved histopathological changes

in the liver induced by chemical agents. Hepatoprotective property of vitamin E is attributed to it antioxidant property buried in it
structure. Structurally, the side chain in the 2-position facilitates the incorporation and retention of vitamin E in biomembranes, so that
the 6-position is optimal for scavenging free radicals and terminating lipid peroxidation. Furthermore, it antioxidant effect is exhibited
through protection of poly unsaturated fatty acid from oxidation by reactive oxygen species, stabilization of membrane and breaking
of antioxidant chains that prevent Reactive Oxygen Species damage to membranes. Vitamin E exhibited hepatoprotective effect in
animals. It hepatoprotective effect in humans leaves more room for evaluation due to some discrepancies in report.

Filourn CR, Kettenacker R, Griffin D. 2006. Safety and Bioavailability in Beagles of Zinc and Vitamin E Combined with Silybin and
Phosphatidylcholine.
Intern J Appl Res Vet Med.\Vol. 4, No. 4: 326 -334.

ABSTRACT

Redox stress resulting from an imbalance in the production and removal of oxygen- and nitrogen-centered free radicals can play

a major role in various forms of liver dysfunction. Agents that boost the hepatocyte antioxidant network, including vitamin E, zinc,
and silymarin, can support liver function. The flavanolignan silybin present in silymarin extracted from milk thistle has been used for
liver dysfunction in humans and continues to be studied, especially for non-alcoholic fatty liver disease. A supplement containing
vitamin E, zinc, and a phytosomal complex of silybin:phosphatidylcholine (Marin®, Nutramax Laboratories, Inc., Edgewood, Md) was
evaluated in beagles for its safety and capacity to increase serum levels of the individual components. A group of 8 beagles (4 males,
4 females) was administered vitamin E, zinc, and silybin at average levels of 27.4 IU/kg, 5.2 mg/kg, and 7.9 mg/kg body weight,
respectively. Vitamin E increased from a basal value of 1,314 3 74 Qg/dL to 2,995 3 222 Qg/dL at 7 days, then stabilised at 2,248-
2,414 Qg/dL at 14-28 days. Zinc increased from a baseline of 0.568 3 0.029 Qg/mL to 0.632 3 0.126 Qg/mL at 7 days, then stabilised
at 0.85 Qg/mL at 14 and 28 days. Silybin increased to a maximum of 1.31 3 0.31 Qg/mL at 3 hrs, then returned to background levels at
24 hrs. Complete blood count analyses showed no clinically significant changes from baseline in any of the parameters tested. Nine
parameters on serum chemistry were detected as statistically different from baseline, but all values were within published reference
ranges. This study shows that a supplement with a combination of silybin:phosphatidylcholine complex, vitamin E, and zinc can be
given safely to canine and that it produces changes in blood levels of each of the components. The study supports the use of the
silybin:phosphatidylcholine complex, vitamin E, and zinc supplement for liver dysfunction.

Betaine

Hoffmann L, Brauers G, Gehrmann T, Haussinger D, Mayatepek E, Schliess F, Schwahn BC. 2013.0smotic regulation of hepatic betaine
metabolism.
Am J Physiol Gastrointest Liver Physiol. 304(9): 835-46

ABSTRACT

Betaine critically contributes to the control of hepatocellular hydration and provides protection of the liver from different kinds of
stress. To investigate how the hepatocellular hydration state affects gene expression of enzymes involved in the metabolism of betaine
and related organic osmolytes, we used quantitative RT-PCR gene expression studies in rat hepatoma cells as well as metabolic and
gene expression profiling in primary hepatocytes of both wild-type and 5,10-methylenetetrahydrofolate reductase (MTHFR)-deficient
mice. Anisotonic incubation caused coordinated adaptive changes in the expression of various genes involved in betaine metabolism, in
particular of betaine homocysteine methyltransferase, dimethylglycine dehydrogenase, and sarcosine dehydrogenase. The expression
of betaine-degrading enzymes was downregulated by cell shrinking and strongly induced by an increase in cell volume under hypotonic
conditions. Metabolite concentrations in the culture system changed accordingly. Expression changes were mediated through

tyrosine kinases, cyclic nucleotide-dependent protein kinases, and JNK-dependent signalling. Assessment of hepatic gene expression
using a customized microarray chip showed that hepatic betaine depletion in MTHFR(-/-) mice was associated with alterations that
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were comparable to those induced by cell swelling in hepatocytes. In conclusion, the adaptation of hepatocytes to changes in cell
volume involves the coordinated regulation of betaine synthesis and degradation and concomitant changes in intracellular osmolyte
concentrations. The existence of such a well-orchestrated response underlines the importance of cell volume homeostasis for liver
function and of methylamine osmolytes such as betaine as hepatic osmolytes.

Kawakami S, Han KH, Nakamura Y. et al. 2012. Effects of Dietary Supplementation with Betaine on a Nonalcoholic Steatohepatitis
(NASH) Mouse Model.
Journal of Nutritional Science and Vitaminology. 58(5):371-375.

ABSTRACT

The effects of betaine supplementation on non-alcoholic steatohepatitis (NASH) model mice were examined by measuring the
accumulation of fat in the livers of NASH model mice compared to a control. Betaine from sugar beets was provided to the model mice
as a dietary supplement. After 3 weeks of dietary supplementation, there were no significant differences in body weight or liver weight
between the groups. However, the liver to body weight ratio in the high-fat diet with betaine (HFB) group was significantly (p<0.05)
higher than that in the high-fat diet (HF) group. There were no differences in serum triglyceride (TG) concentrations, AST and ALT
activities, or hepatic glutathione concentrations between the groups. Hepatic TG level in the HFB group was significantly (p<0.05)
lower than that in the HF group. Hepatic cells obtained from the HF group showed increased occurrence of explosive puff and necrosis
as compared with those in the HFB group. Betaine supplementation had an inhibitory effect on fat accumulation in the liver: the Oil
red-positive area in the HFB group (0.82 3 0.85%) was significantly (p<0.001) smaller than that in the HF group (9.06 3 2.24%). These
results indicate the potential of betaine to serve as an agent for amelioration of hepatic steatosis in NASH model mice.

Jewell DE, Jackson MI. 2022. Dietary Betaine and Fatty Acids Change Circulating Single-Carbon Metabolites and Fatty Acids in the
Canine.
Animals. 12(6):768.

ABSTRACT

In order to evaluate the interaction of betaine and n-3 PUFA in foods consumed by the canine, six extruded dry foods were formulated.
The control food had no specific source of added betaine or n-3 fatty acids, while the test foods were supplemented with betaine, flax
or fish oilina 2 3 factorial design (no added n-3 source, added flax, added menhaden fish oil, and all with or without added betaine).
Forty eight adult canine were used in this study. All canine were assigned to one of the six dietary treatments and consumed that food
for the length of the 60-day study. Blood was analysed for metabolomics (plasma), fatty acids and selected health-related analytes
(serum) at the beginning and the end of the study. Added dietary betaine increased single-carbon metabolites (betaine, dimethyl
glycine, methionine and N-methylalanine), decreased xenobiotics (stachydrine, N-acetyl-S-allyl-L-cysteine, 4-vinylguaiacol Sulphate

, pyrraline, 3-indoleglyoxylic acid, N-methylpipecolate and ectoine) and enhanced the production of eicosapentaenoic acid (EPA).
Dietary betaine also decreased the concentration of circulating carnitine and a number of carnitine-containing moieties. The addition of
the n-3 fatty acids alpha-linolenic, EPA and docosahexaenoic acid (DHA) increased their respective circulating concentrations as well
as those of many subsequent moieties containing these fatty acids. The addition of alpha-linolenic acid increased the concentration of
EPA when expressed as a ratio of EPA consumed.

Beta Glucan

Waszkiewicz-Robak B, Bartnikowska E. 2009 Effects of spent brewer’s yeast and biological Beta-Glucans on selected parameters of
lipid metabolism in blood and liver in rats.
J. Anim. Feed Sci. 2009;18(4):699-708.

ABSTRACT

The influence of model atherogenic diet enriched with dried, spent brewer’s yeast Saccharomyces cerevisiae or insoluble Beta-Glucans,
isolated from these yeast on selected indices of lipid metabolism was studied in 4 groups of 7-8 growing rats. Animals were fed a
control diet (without any supplements) or diet enriched with spent brewer’s yeast (daily dose: 50 mg/kg of body mass) and Beta-
Glucans (daily dose 10 or 100 mg/kg of body mass) for 6 weeks. The diets supplemented with both additives were more effective in
lowering concentration of serum total cholesterol as well as LDL-cholesterol and triacylglycerols in experimental rats than the control
diet. In conclusion, feeding rats with dried, spent brewer’s yeast or Beta-Glucans may significantly reduce cholesterol accumulation in
liver.

Toklu HZ, Ahmet Ozer ehirli, Ayliz Velio 1u-O Un¢, ule Cetinel, Gdksel ener. 2006. Acetaminophen-induced toxicity is prevented by
-dBeta-Glucan treatment in mice.
European Journal of Pharmacology. 543(1-3):133-140

ABSTRACT

The protective effect of Beta-Glucan against oxidative injury caused by acetaminophen was studied in mice liver. BALB-c mice (25-30
g) were pre-treated with -dBeta-Glucan (50 mg/kg, p.o.) for 10 days and on the 11th day they received an overdose of acetaminophen
(900 mg/kg, i.p.). Four hours after the acetaminophen injection, mice were decapitated and their blood was taken to determine serum
aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH) and tumour necrosis factor-alpha
(TNF- ) levels. Tissue samples of the liver were taken for histological examination or for the determination of levels of malondialdehyde,
an end product of lipid peroxidation; glutathione (GSH), a key antioxidant; and myeloperoxidase activity, an index of tissue neutrophil
infiltration. The formation of reactive oxygen species in hepatic tissue samples was monitored by using the chemiluminescence
technique with luminol and lucigenin probes. Acetaminophen caused a significant decrease in the GSH level of the tissue, which was
accompanied with significant increases in the hepatic luminol and lucigenin chemiluminescence values, malondialdehyde level, MPO
activity and collagen content. Similarly, serum ALT, AST levels, as well as LDH and TNF- , were elevated in the acetaminophen-treated
group when compared with the control group. On the other hand, Beta-Glucan treatment reversed all these biochemical indices, as
well as histopathological alterations that were induced by acetaminophen. In conclusion, these results suggest that -dBeta-Glucan
exerts cytoprotective effects against oxidative injury through its antioxidant properties and may be of therapeutic use in preventing
acetaminophen toxicity.
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Chizandria Extract

Cheng N, Ren N, Gao H, Lei X, Zheng J, Cao W. 2013. Antioxidant and hepatoprotective effects of Schisandra chinensis pollen extract on
CCl4-induced acute liver damage in mice.
Food and Chemical Toxicology. 55:234-240.

ABSTRACT

The aim of the present study was to investigate the antioxidant and hepatotective effects of Schisandra chinensis pollen extract (SCPE)
on CCl4-induced acute liver damage in mice. Total phenolic content, total flavonoid content, individual phenolic compounds and
antioxidant activities (1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, chelating activity, and reducing power assay)
were determined. In vivo study, SCPE (10, 20 and 40 g/kg) administered daily orally for 42 days prior to CCl4-intoxicated. Our results
showed that SCPE had high total phenolic content (53.74 3 1.21 mg GAE/qg), total flavonoid content (38.29 3 0.91 mg Rutin/g), quercetin
and hesperetin may be the major contributor to strong antioxidant activities. Moreover, SCPE significantly prevented the increase in
serum ALT and AST level in acute liver damage induced by CCl4, decreased the extent of malondialdehyde (MDA) formation in liver
and elevated the activities of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in liver. The results indicated that
SCPE has strong antioxidant activities and significant protective effect against acute hepatotoxicity induced by CCl4, and have been
supported by the evaluation of liver histopathology in mice. The hepatoprotective effect may be related to its free radical scavenging
effect, increasing antioxidant activity and inhibiting lipid peroxidation.

Milk Thistle Extract (Silymarin)

Vogel G, Tuchweber B, Trost W, Ulrich Mengs. 1984. Protection by silibinin against Amanita phalloides intoxication in beagles.
Toxicology and Applied Pharmacology. 73(3):355-362.

ABSTRACT

A single oral dose of the lyophilized deathcap fungus Amanita phalloides (85 mg/kg body wt) caused gastrointestinal signs of diarrhea,
retching, and vomiting in beagles after a latent period of 16 hr. The pathologic lesions; the increases in serum transaminase (GOT, GPT),
alkaline phosphatase, and bilirubin, as well as the fall in prothrombin time all indicated that liver damage was maximal at about 48

hr after poisoning. Four of twelve canine given A. phalloides died with signs of hepatic coma within 35 to 54 hr with the biochemical
values in the survivors reverting to normal by the ninth day. Silibinin administration (50 mg/kg) 5 and 24 hr after intoxication
suppressed the serum changes and the fall in prothrombin time. The degree of hemorrhagic necrosis in the liver was markedly reduced,
and none of the silibinin-treated canine died.

Au AY, Hasenwinkel JM, Frondoza CG. 2011. Silybin inhibits interleukin-1-induced production of pro-inflammatory mediators in canine
hepatocyte cultures.
Journal of Veterinary Pharmacology and Therapeutics. 34(2):120-129.

ABSTRACT

Hepatocytes are highly susceptible to cytokine stimulation and are fundamental to liver function. We established primary canine
hepatocyte cultures to study effects of anti-inflammatory agents with hepatoprotective properties. Hepatocyte cultures were
incubated with control media alone, silybin (SB), or the more bioavailable silybin-phosphatidylcholine complex (SPC), followed by
activation with interleukin-1 beta (IL-1; 10 ng/mL). Inflammatory response was measured by prostaglandin E2 (PGE(2) ), interleukin-8
(IL-8), and monocyte chemotactic protein-1 (MCP-1) production and also nuclear factor-kappa B (NF- B) translocation. Hepatocyte
cultures continued production of the phenotypic marker albumin for more than 7 days in culture. IL-1 exposure increased PGE(2) ,
IL-8, and MCP-1 production, which was paralleled by NF- B translocation from the cytoplasm to the nucleus. Pretreatment with SB
and SPC significantly inhibited IL-1-induced production of pro-inflammatory markers and attenuated NF- B nuclear translocation.
We demonstrate for the first time that primary canine hepatocyte cultures can be maintained in culture without phenotypic loss. The
observation that hepatocyte cultures respond to pro-inflammatory IL-1 activation indicates hepatocytes as primary cellular targets of
extrinsic IL-1. The ability of SB and SPC to inhibit hepatocyte culture activation by IL-1 reinforces the notion of their hepatoprotective
effects. Our primary canine hepatocyte culture model facilitates identification of hepatoprotective agents and their mechanism of
action.

Webster, Cynthia & Cooper, Johanna. (2009). Therapeutic Use of Cytoprotective Agents in Canine and Feline Hepatobiliary Disease.
The Veterinary clinics of North America. Small animal practice. 39. 631-52. 10.1016/j.cvsm.2009.02.002.

ABSTRACT

Many medicinal, nutraceutical, and botanic extracts have been used as cytoprotective agents in liver disease. This article explains

the mechanisms of action, pertinent pharmacokinetics, side effects, and clinical INDICATIONS for the use of S-adenosylmethionine,
N-acetylcysteine, ursodeoxycholic acid, silymarin, and vitamin E. The literature pertaining to in vitro studies, laboratory animal models,
and human and veterinary clinical trials is reviewed with regards to the efficacy and use of these cytoprotective agents in hepatobiliary
disease.

Paulova J, Dvorak M, Kolouch F, Vanova L, Janeckova L. 1990. Verification of the hepatoprotective and therapeutic effect of silymarin in
experimental liver injury with tetrachloromethane in canine.
Vet Med (Praha). 35(10):629-35. Czech. PMID: 2102576

ABSTRACT

The efficiency of preventive administration of silymarin and of silymarin medication were tested in canine suffering from CCl4
intoxication of liver. Sixteen canine of the Beagle breed at the age of 8 to 10 months and of the weight 11.5 to 14.0 kg were divided into
four groups with four animals each. Those groups were administered per os a single dose of CCl4, 0.35 ml per kg liveweight contained
in sunflower oil. The intact control groups was given sunflower oil free of any additive. Silymarin was administered per os in the form of
suspension in the Dorfman reagent twice a day at the dose of 100 mg per kg. Silymarin was administered to the animals of the treated
group four days after intoxication, to those of the preventively treated group four days before intoxication. The intact control group
and the CCl4 intoxicated control were administered the pure Dorfman reagent. Pure CCl4 induced a significant increase in the AST and
ALT activity in 12 and 24 hours after administration, and histological lesions in the liver--vacuolization of hepatocytes and necrobiosis
of nuclei. The curative effects of silymarin on these changes were low. The protective effects of silymarin were manifested by the
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significantly lower AST and ALT activities in the 12th and 24th hour of the trial and by the insignificantly lower extent of lesions in liver
parenchyma if compared with the control CCl4 intoxicated group.

Cynara Scolymus

Speroni E, Cervellati R, Govoni P, Guizzardi S, Renzulli C, Guerra MC. 2003. Efficacy of different Cynara scolymus preparations on liver
complaints.
Journal of Ethnopharmacology. 86(2):203-211.

ABSTRACT

Cynara scolymus leaves extracts have long been used in folk medicine for their choleretic and hepatoprotective activities, that are
often related to the cynarin content. These therapeutic properties are also attributed to mono- and di-caffeoylquinic acids and since
commercial C. scolymus preparations can differ for their activities, we studied four extracts to evaluate, if present, a relationship
between the hepatobiliary properties of the different preparations and their content in phenolics. The antioxidant activity of the
commercial preparations examined was also considered in an in vitro system. The results showed that the extract with the highest
content in phenolic derivatives (GAE) exerted the major effect on bile flow and liver protection. Also the results of the antioxidant
capacity (BR) of the different preparations are in good agreement with the results obtained in vivo. On the contrary, administering rats
with doses of chlorogenic acid, equivalent to those present in this extract, we did not observe any choleretic or protective action.

An histopathological analysis of liver sections confirmed the biochemical results. Perhaps caffeoyl derivatives have a role in the
therapeutic properties of C. scolymus extracts, as reported in literature for “in vitro” studies, but when administered alone, they are not so
effective in exerting this action.

Moradi S, Shokri Mashhadi N, Saraf Bank S, Mohammadi H, Zobeiri M, Clark CCT, Rouhani MH. 2021. The effects of Cynara scolymus L.
supplementation on liver enzymes: A systematic review and meta analysis.
International Journal of Clinical Practice. 75(11)

ABSTRACT
Objective: A systematic review and meta-analysis was conducted to summarise studies conducted on the effects of artichoke
supplementation on liver enzymes.

Methods: Suitable studies were detected by searching online databases, including Medline, Embase, Cochrane Library, and Scopus
databases, until 05 June 2021. As liver enzymes were reported in different units, standardised mean differences (SMD) were used and
data were pooled using a random-effects model. Heterogeneity, publication bias, and sensitivity analysis were also assessed.

Results: Pooled analysis, of eight clinical trials, revealed that artichoke supplementation significantly reduced the concentration of
aspartate aminotransferase (AST) (P = .001) and alanine transaminase (ALT) (P = .016), in comparison with placebo. Subgroup analysis
suggested that artichoke administration significantly reduces AST and ALT in patients with non-alcoholic fatty liver disease (P =.003
for AST and P < .001 for ALT), and ALT among overweight/obese subjects (P = .025).

Conclusions: Artichoke supplementation elicited significant reductions in liver enzymes, especially among patients with non-alcoholic
fatty liver disease.

Whey Protein

Hamad EM, Taha SH, Abou Dawood A-Gl, Sitohy MZ, Abdel-Hamid M. 2011. Protective effect of whey proteins against nonalcoholic fatty liver
in rats.
Lipids in Health and Disease. 10(1):57.

ABSTRACT

Background: Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifestation of the metabolic syndrome and can vary from
hepatic steatosis to end-stage liver disease. It is the most common liver disease and its prevalence is increasing worldwide. In the
present study, the effect of whey proteins on some parameters of NAFLD was investigated.

Results: Oral administration of the studied whey proteins products reduced the final body weight of rats. There was a significant
reduction effect (P < 0.05) of the tested proteins on hepatic triglycerides, liver enzymes (ALT and AST), lipid peroxidation
(malondialdehyde level) and serum glucose. Feeding on whey proteins caused an increase in the reduced glutathione. Hepatic content
of reduced glutathione was not affected by any of the used whey proteins, but it showed an increasing tendency (P > 0.05). Liver
histology showed an improvement of fatty infiltration in hepatocytes from whey protein groups and gives the histology of liver a normal
appearance.

Conclusions: The obtained results indicate a possible role for oral administration of whey proteins in the regulation of liver
biochemistries in a rat’s model of NAFLD. This regulatory effect of whey proteins was accompanied by an improvement in fatty
infiltration in hepatocytes and a reduction of oxidative stress parameters.

Brewers Yeast Powder

Waszkiewicz-Robak B, Bartnikowska E. 2009. Effects of spent brewer’s yeast and biological Beta-Glucans on selected parameters of
lipid metabolism in blood and liver in rats.
Journal of Animal and Feed Sciences, 18, 2009, 699-708

ABSTRACT

The influence of model atherogenic diet enriched with dried, spent brewer’s yeast Saccharomyces cerevisiae or insoluble Beta-Glucans,
isolated from these yeast on selected indices of lipid metabolism was studied in 4 groups of 7-8 growing rats. Animals were fed a
control diet (without any supplements) or diet enriched with spent brewer’s yeast (daily dose: 50 mg/kg of body mass) and Beta-
Glucans (daily dose 10 or 100 mg/kg of body mass) for 6 weeks.
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The diets supplemented with both additives were more effective in lowering concentration of serum total cholesterol as well as LDL-
cholesterol and triacylglycerols in experimental rats than the control diet. In conclusion, feeding rats with dried, spent brewer’s yeast or
Beta-Glucans may significantly reduce cholesterol accumulation in liver.

Other Scientific References

1 Grunert RR. 1960.The effect of DL-alpha-lipoic acid on heavy-metal intoxication in mice and canine.
Arch Biochem Biophys. 86:190-4.

2 Kidd, Parris M. 1996. Phosphatidylcholine, a superior protectant against liver damage.
Altern Med Rev 1.4 (1996): 258-74.

3 Peili Zhu, Junkui Li, Xiugiong Fu, Zhiling Yu, 2019. Schisandra fruits for the management of drug-induced liver injury in China: A
review. Phytomedicine. Volume 59. https://doi.org/10.1016/j.phymed.2018.11.020.

4 Zicker SC, Avila A, Joshi DK, Gross KL. 2010. Pharmacokinetics of orally administered DL- -lipoic acid in canine.
Am J Vet Res. 71(11):1377-83.
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HERPEFOCUS

Dear Veterinarian

The HerpeFocus formulation includes scientifically supported levels of curcumin, resveratrol, Beta-Glucans, and Enterococcus faecium.
To better address stress-induced viral reactivation, we have added L-Tryptophan, a precursor to serotonin, to help support emotional
balance in feline. Stress is a known trigger for recrudescent Feline Herpesvirus-1 (FHV-1) disease.

FHV-1is a virus with a short reproductive cycle and a strong cytopathic effect. After initial infection, most common in kittens and young
feline, approximately 80% of feline become latently infected. Of these, nearly half may later experience spontaneous viral reactivation,
which can present as either clinical disease or asymptomatic shedding. Triggers for reactivation include stressors such as rehousing,
iliness, or household changes. Immunosuppression from FelLV, FIV, environmental factors, or corticosteroid therapy also plays a
significant role.

We recommend HerpeFocus Powder as an adjunct to antiviral treatment (e.g., cidofovir) during active infections. It is also well suited
for adult feline experiencing recurrent herpesvirus keratitis and/or conjunctivitis, helping reduce the frequency of flare-ups.

To ensure effective use and reduce stress, HerpeFocus is formulated as a palatable powder, promoting voluntary intake.
As with all other VetsBrands products HerpeFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications

Curcumin

Sudomova M, Hassan STS. 2021. Nutraceutical Curcumin with Promising Protection against Herpesvirus Infections and Their Associated
Inflammation: Mechanisms and Pathways.
Microorganisms. 9(2):292.

ABSTRACT

Herpesviruses are DNA viruses that infect humans and animals with the ability to induce latent and lytic infections in their hosts,
causing critical health complications. The enrolment of nutraceutical anti-herpesvirus drugs in clinical investigations with promising
levels of reduced resistance, free or minimal cellular toxicity, and diverse mechanisms of action might be an effective way to defeat
challenges that hurdle the progress of anti-herpesvirus drug development, including the problems with drug resistance and recurrent
infections. Therefore, in this review, we aim to hunt down all investigations that feature the curative properties of curcumin, a principal
bioactive phenolic compound of the spice turmeric, in regard to various human and animal herpesvirus infections and inflammation
connected with these diseases. Curcumin was explored with potent antiherpetic actions against herpes simplex virus type 1and type
2, human cytomegalovirus, Kaposi’s sarcoma-associated herpesvirus, Epstein-Barr virus, bovine herpesvirus 1, and pseudorabies virus.
The mechanisms and pathways by which curcumin inhibits anti-herpesvirus activities by targeting multiple steps in herpesvirus life/
infectious cycle are emphasized. Improved strategies to overcome bioavailability challenges that limit its use in clinical practice, along
with approaches and new directions to enhance the anti-herpesvirus efficacy of this compound, are also reviewed. According to the
reviewed studies, this paper presents curcumin as a promising natural drug for the prevention and treatment of herpesvirus infections
and their associated inflammatory disease.

Moghadamtousi SZ, Kadir HA, Hassandarvish P, Tajik H, Abubakar S, Zandi K. 2014. A review on antibacterial, antiviral, and antifungal
activity of curcumin.
BioMed research international. 2014:186864

ABSTRACT

Curcuma longa L. (Zingiberaceae family) and its polyphenolic compound curcumin have been subjected to a variety of antimicrobial
investigations due to extensive traditional uses and low side effects. Antimicrobial activities for curcumin and rhizome extract of

C. longa against different bacteria, viruses, fungi, and parasites have been reported. The promising results for antimicrobial activity
of curcumin made it a good candidate to enhance the inhibitory effect of existing antimicrobial agents through synergism. Indeed,
different investigations have been done to increase the antimicrobial activity of curcumin, including synthesis of different chemical
derivatives to increase its water solubility as well ass cell up take of curcumin.This review aims to summarise previous antimicrobial
studies of curcumin towards its application in the future studies as a natural antimicrobial agent.

Beta-Glucan

Urbancikova I, Hudackova D, Majtan J, et al.Efficacy of Pleuran (Beta-Glucan from Pleurotus ostreatus) in the Management of Herpes
Simplex Virus Type 1 Infection.
Evidence-Based Complementary and Alternative Medicine 2020; Article ID 8562309, 8 pageshttps://doi.org/10.1155/2020/8562309

ABSTRACT

One of the highly prevalent viral pathogens among children and adults causing infection, clinically presenting as herpes labialis, is
herpes simplex virus type 1 (HSV-1). -e long-term administration of acyclovir, a standard regimen for therapy against HSV-1 infections,
can cause viral resistance against this drug. Therefore, the development of natural drugs with low toxicity that are able to enhance
host antiviral defense against HSV infection is needed. Beta-Glucans represent a type of biologically active molecules possessing
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antiviral properties. -e goal of this study was to investigate the clinical and immunomodulatory effect of Beta-Glucan pleuran (insoluble
-1,3/1,6-DBeta-Glucan isolated from Pleurotus ostreatus) based supplements on the duration and intensity of herpes symptoms and

on the incidence rate and duration of acute respiratory symptoms and intercurrent diseases in HSV-1 positive patients. Ninety patients
were randomised into active and placebo groups. Active treatment with pleuran in systemic application caused a significantly shorter
duration of herpes simplex symptoms compared to the placebo group. During the preventive phase (120 days), the duration and
severity of respiratory symptoms were lower in the active group compared to the placebo group; however, a significant difference

was found only in the case of cough. No significant side effects were observed during both phases of the clinical trial (acute and
preventive). Obtained results suggest that the use of pleuran seems to be a promising approach in the treatment of acute HSV-1 with
beneficial effect.

Resveratrol

Faith SA, Sweet TJ, Bailey EB, Booth T, Docherty JP. 2006. Resveratrol suppresses nuclear factor- B in herpes simplex virus infected
cells.
Antiviral Research 72 (2006) 242-251

ABSTRACT

Resveratrol inhibits herpes simplex virus (HSV) replication by an unknown mechanism. Previously it was suggested that this
inhibition may be mediated through a cellular factor essential for HSV replication (Docherty, J.J., Fu, M.M,, Stiffler, B.S., Limperos,
R.J., Pokabla, C.M., Delucia, A.L., 1999. Resveratrol inhibition of herpes simplex virus replication. Antivir. Res. 43, 145-155). After
examining numerous cellular factors, we report that resveratrol suppresses NF-kappaB (NF-B) activation in HSV infected cells.
Reports have indicated that HSV activates NF-B during productive infection and this may be an essential aspect of its replication
scheme (Patel, A., Hanson, J., McLean, T.l,, Olgiate, J., Hilton, M., Miller, W.E., Bachenheimer, S.L., 1998. Herpes simplex type 1 induction
of persistent NF-kappa B nuclear translocation increases the efficiency of virus replication. Virology 247, 212-222; Gregory, D.,
Hargett, D., Holmes, D., Money, E., Bachenheimer, S.L., 2004. Efficient replication by herpes simplex virus type 1involves activation of
the lkappaB kinase-lkappaB-RelA/p65 pathway. J. Virol. 78, 13582-13590). Electromobility shift assays determined that resveratrol,

in a dose dependent and reversible manner, suppressed activation of NF-B in Vero cells infected with HSV-1, HSV-2 and acyclovir
resistant HSV-1. Furthermore, resveratrol did not protect IB, a cytoplasmic NF-B inhibitor, from degradation in HSV-1 infected cells.
Immunohistochemical studies demonstrated that RelA/p65, a component of the dimeric NF-B complex, translocated to the nucleus
of HSV-1 infected cells in the presence of resveratrol. Finally, direct effects on viral transcription and DNA synthesis were evaluated.
Real-time RT-PCR analysis showed that resveratrol treatment of infected cells resulted in reductions of mRNA for ICPO, ICP4,

ICP8 and HSV-1 DNA polymerase by 2.1-, 3.3-, 3.8- and 3.1-fold, respectively. Plus, mRNA for glycoprotein C, an HSV late gene, was
completely absent in the presence of resveratrol. Lastly, quantitative PCR showed that resveratrol significantly blocked HSV DNA
synthesis. Cumulatively, these data indicate that resveratrol (i) suppresses HSV induced activation of NF-B within the nucleus and (ii)
impairs expression of essential immediate-early, early and late HSV genes and synthesis of viral DNA.

Enterococcus Faecium

Lappin MR, Veir JK, Satyaraj E, Czarnecki-Maulden G. 2009. Pilot Study to Evaluate the Effect of Oral Supplementation of Enterococcus
FaeciumSF68 on Feline with Latent Feline Herpesvirus 1. Journal of Feline Medicine and Surgery. 11(8):650-654.

ABSTRACT

Feline herpesvirus 1 (FHV-1) infection is extremely common in feline and is frequently associated with morbidity because of recurrent
ocular and respiratory clinical signs of disease. Enterococcus faecium strain SF68 is an immune-enhancing probiotic used as a dietary
supplement. In this pilot study, 12 feline with chronic FHV-1 infection were administered either SF68 or a placebo, monitored for
clinical signs of disease, monitored for FHV-1 shedding, and evaluated for FHV-1 specific humoral and cell-mediated immune responses
and fecal microbiome stability. Fecal microbial diversity was maintained throughout the study in feline supplemented with SF68,

but decreased in feline fed the placebo, indicating a more stable microbiome in feline fed SF68. While clinical results varied among
individual feline, the overall findings suggest that administration of the probiotic lessened morbidity associated with chronic FHV-1
infection in some feline.

Veir J,Knorr R, Cavadini C, et al. 2007. Effect of Supplementation withEnterococcus faecium(SF68) on Immune Functions in Feline.
Veterinary Therapeutics 8(4): 229 - 238

ABSTRACT

To evaluate the effect of supplementation with Enterococcus faecium strain SF68 (NCIMB10415) on immune function, responses to a
multivalent vaccine were investigated in kittens given palatability enhancer with or without E. faecium SF68 daily. E. faecium SF68 was
detected in the feces of seven of nine treated feline. Supplementation of kittens with E.faecium SF68 did not affect developmental
parameters. The percentage of CD4+ lymphocytes was significantly higher in the treatment group. There were no statistical differences
in measurements of any other nonspecific or specific immune parameters between groups.

Angelo Gazzano, Lucia Casini, Fabio Macchioni, Chiara Mariti, et al. 2021 L-Tryptophan supplementation increases serotonin blood levels

in canine fed a dissociated carbohydrate-based diet.
Canine Behaviour, 3: 43-50

ABSTRACT

The aim of the present study was to investigate the effect on blood serotonin (5-HT) concentrations of the addition of L-Tryptophan
(L-TRP) to a dissociated diet, in the meal consisting only of the carbohydrate component. Six sheltered canine (5 males and 1
neutered females), weighing between 15 and 30 kg and living in the shelter for more than six months, were recruited. The canine

were fed two daily meals (at 8.00 A.M. and 4.00 P.M.). The morning meal was com-posed of puffed rice with the addiction ofimg/

kg of L-TRP, whereas the evening meal was composed of the commercial diet previously eaten. Blood was collected the day before
the first administration of the diet (TO) and the 30th day of the treatment (T1). A further blood sample was collected 14 days after the
discontinuation of the diet (T2). To prevent possible influence of circadian rhythm, all three samples were collected at 4.00 P.M,, just
before the second meal. The results were compared using the Wilcoxon test (p < 0.05). The statistical analysis revealed a significant
difference between the blood concentrations of TRP at T1 and those determined at T2 (p = 0.028). No statistical differences between
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TO and T1, and between TO and T2 was found. Significant differences between the blood 5-HT concentration at T1 and TO (p = 0.028),
and between T1and T2 (p = 0.028) were found. On the contrary, no statistical difference between TO and T2 was found. The data
obtained, albeit carried out on a small number of animals showed that the blood levels of TRP could be correlated with those of 5-HT.
Indeed, the determination of blood 5-HT concentrations seems to provide a faithful image of the cerebral metabolism of this amine, as
increases in circulating TRP concentrations is followed by significant increases in 5-HT.

Landsberg G, Milgram B, Mougeot |, Kelly S, de Rivera C. 2016. Therapeutic effects of an alpha-casozepine and L-Tryptophan
supplemented diet on fear and anxiety in the feline.
Journal of Feline Medicine and Surgery. 19(6):594-602.

ABSTRACT
Objectives This study assessed the anxiolytic effectiveness of a test diet (Royal Canin Feline Calm
diet) supplemented with L-Tryptophan and alpha-casozepine.

Methods Subjects were 24 feline that were classified as mildly or markedly fearful based on the presence of a person in their home
room. Three different protocols were used to assess anxiety: (1) evaluation of the response to a human in the feline home room (home
room test); (2) analysis of the response to placement in an empty test room (open-field test); and (3) analysis of the response to an
unfamiliar human (human interaction test). All three protocols were first run at baseline, and the results were used to assign the animals
to control and test diet groups that showed equivalent fear and anxiety. Both groups were retested on the three protocols after 2 weeks
(test 1) and again after 4 weeks (test 2).

Results The diet groups differed for two behavioural measures in the open-field test: inactivity duration and inactivity frequency. The
control group showed statistically significant increases in inactivity duration between baseline and test 1 and baseline and test 2, while
the group fed the test diet showed a marginally not significant decrease in inactivity duration between baseline and test 1 and a not
significant decrease for test 2. There was also a significant increase in inactivity frequency between baseline and test 1in the test diet
group and marginally not significant decrease in the control group. There were no differences between groups in the approach of the
feline toward people for the home room test and the human interaction test.

Conclusions and relevance These results suggest that the test diet reduced the anxiety response to placement in an unfamiliar location,
but that fear in the presence of an unfamiliar person was not counteracted by the diet.

Gould D. 2011.Feline herpesvirus-1: ocular manifestations, diagnosis and treatment options.
J Feline Med Surg. May;13(5):333-46.

EXTRACT FROM ARTICLE

Serological studies show that FHV-1 is widespread in the feline population worldwide, with reported exposure rates of up to 97%.
Following exposure to FHV-1, more than 80% of feline become persist ently infected.Of these, 45% will subsequently shed virus
spontaneously or as a result of natural stress situations, while around 70% will shed virus in response to corticosteroid administration.

Recrudescent disease Latent FHV-1 virus may be reactivated and cause recrudescent clinical disease. This has been recorded
spontaneously as well as in association with various stressors including systemic corticosteroid administration, co-infection with other
agents, change of housing, parturition and lactation.

Thiry E, Addie D, Belak S, Boucraut-Baralon C, Egberink H, Frymus T. 2009. Feline herpesvirus infection. ABCD guidelines on
prevention and management.
J Feline Med Surg. Jul;11(7):547-55

EXTRACT FROM ARTICLE

The virus spreads along the sensory nerves and reaches neurons, particularly in the trigeminal ganglia, which are the main sites of
latency. Almost all infected feline become life long carriers. There is no easy diagnostic method to recognise latency, because the viral
genome persists in the nucleus of the infected neurons without replication. Reactivation with virus shedding can be induced experi
mentally by glucocorticoid treatment in approximately 70% of feline. Other reactivating stressors include lactation (40%) and moving
into a new environment (18%).
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Dear Veterinarian

The immune system is a complex network crucial for protecting pets from various threats, including infections, diseases, and
environmental stressors. ImmuneFocus is designed to support both the innate and acquired branches of the immune system, providing
natural assistance during periods of stress, injury, and illness.

Key ingredients like Resveratrol and Beta Glucan have demonstrated antibacterial and antiviral properties, offering valuable support for
pets battling both viral and bacterial infections. Pre- and pro biotics activate the innate immune response, resulting in the production of
pro- and anti-inflammatory cytokines or chemokines.

Detailed scientific summaries of the key ingredients are provided below.

The benefits of ImmuneFocus include:

® Enhanced Immune Function: Supports a robust immune response in canine and feline of all ages.

® Early Life Support: Helps puppies and kittens develop strong immune systems, contributing to healthier adult lives. (Support this
with the study mentioned)

® Support for Active Lifestyles: Provides nutritional support for the immune systems of sporting canine, considering the demands of
increased exercise.

As with all other VetsBrands products ImmuneFocus is also Vet-Only ad infinitum available to you as a Veterinarian.
Regards

Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Nutraceuticals and The Inmune System

Hayek MG, Massimino SP, Ceddia MA. 2004. Modulation of immune response through nutraceutical interventions: implications for
canine and feline health.
Vet Clin North Am Small Anim Pract. 2004 Jan;34(1):229-47.

ABSTRACT

The interaction between nutrition and the immune response has been an area of intense research over the past four decades. A
bidirectional interaction between nutrition, immune response, and infectious disease was suggested by Scrimshaw et al (1) in the 1950s.
Subsequently, it was recognized that malnourished individuals were at risk for infection (2). Follow-up studies have demonstrated

that deficiencies of most micro nutrients result in impaired host defence (3-6). Conversely, others have demonstrated that the
supplementation of certain nutrients beyond accepted requirements may improve certain indices of the immune response. This has led
to a plethora of studies examining the influence of dietary components on the immune system. Nutraceuticals, or functional foods and
pharmafoods as they have also been referred to, is a relatively new word in this science of food and food extracts. A nutraceutical has
been defined in many ways; however, for the purpose of this article, we shall define it as a food or naturally occurring food component
thought to have a beneficial effect on health. The nutraceutical field is an extensive one and is becoming increasingly more difficult to
define, because this terminology includes many natural remedies that have been known for centuries (eg, ginseng, green tea) as well as
substances that have been extracted from natural products (eg, vitamin E). Recently, many nutraceuticals and their respective effects
on immunity have been studied. It is important to understand that although benefits are reported, not all nutraceuticals influence

the immune system in the same ways. These range from no effect to modulating various parts of the immune system, including the
nonspecific immune system, the specific immune system, cellular activity, and cytokine secretion. These differences become apparent
as we review various nutraceuticals and their reported effects on health as determined by immune function modulation.

Astaxanthin

Park JS, Mathison BD, Hayek MG, Massimino S, Reinhart GA, Chew BP. 2011. Astaxanthin stimulates cell-mediated and humoral immune
responses in feline.
Veterinary Immunology and Immunopathology. 144(3-4):455-461.

ABSTRACT

Astaxanthin is a potent antioxidant carotenoid and may play a role in modulating immune response in feline. Blood was taken from
female domestic shorthair feline (8-9 mo old; 3.2 3 0.04 kg body weight) fed O, 1, 5 or 10 mg astaxanthin daily for 12 wk to assess
peripheral blood mononuclear cell (PBMC) proliferation response, leukocyte subpopulations, natural killer (NK) cell cytotoxic activity,
and plasma IgG and IgM concentration. Cutaneous delayed-type hypersensitivity (DTH) response against concanavalin A and an
attenuated polyvalent vaccine was assessed on wk 8 (prior to vaccination) and 12 (post-vaccination). There was a dose-related increase
in plasma astaxanthin concentrations, with maximum concentrations observed on wk 12. Dietary astaxanthin enhanced DTH response
to both the specific (vaccine) and nonspecific (concanavalin A) antigens. In addition, feline fed astaxanthin had heightened PBMC
proliferation and NK cell cytotoxic activity. The population of CD3+total T and CD4+T helper cells were also higher in astaxanthin-
fed feline; however, no treatment difference was found with the CD8+T cytotoxic and MHC ll+activated lymphocyte cell populations.
Dietary astaxanthin increased concentrations of plasma IgG and IgM. Therefore, dietary astaxanthin heightened cell-mediated and
humoral immune responses in feline.

EXTRACT FROM ARTICLE
The heightened DTH response seen in this study can be attributed to increased populations of total T and Th lymphocytes in feline fed
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astaxanthin.

The humoral branch of the immune system also plays an important role in defence against disease. In this study, astaxanthin increased
IgG and IgM production both before and after vaccination.

In contrast to canine, the enhanced antibody production in feline was accompanied by a decrease in the B cell population, when
compared to unsupplemented feline. However, the populations of total T and Th cells in astaxanthin-fed feline were higher. One possible
explanation is that astaxanthin increased antibody production in feline by stimulating T cell function rather than B cell numbers.

The enhancement of immune cell function by astaxanthin may be partly attributed to its antioxidant action . Immune cells generally
contain high amounts of polyunsaturated fatty acids in the membranes, thereby rendering them particularly sensitive to oxidative
damage by free radicals.

Due to the structural property of its terminal rings, astaxanthin can protect the inner and outer mitochondria membranes against
oxidation by rigidifying the membrane and modifying its permeability.

Chew, B.P, Park, J.S., Hayek, M.G., Massimino, S., Reinhart, G.A., 2011. Cell mediated and humoral immune response in canine fed
astaxanthin.
Vet. Immunol. Immunopathol. 140, 199-206.

ABSTRACT

No information is available on the possible role of astaxanthin on immune response in domestic canine. Female Beagle canine (9-10 mo
old; 8.2 3 0.2 kg body weight) were fed O, 10, 20 or 40 mg astaxanthin daily and blood sampled on wk O, 6, 12, and 16 for assessing the
following: lymphoproliferation, leukocyte subpopulations, natural killer (NK) cell cytotoxicity, and concentrations of blood astaxanthin,
IgG, IgM and acute phase proteins. Delayed-type hypersensitivity (DTH) response was assessed on wk O, 12 and 16. Plasma astaxanthin
increased dose-dependently and reached maximum concentrations on wk 6. Dietary astaxanthin enhanced DTH response to vaccine,
concanavalin A-induced lymphocyte proliferation (with the 20mg dose at wk 12) and NK cell cytotoxic activity. In addition, dietary
astaxanthin increased concentrations of IgG and IgM, and B cell population. Plasma concentrations of C reactive protein were lower

in astaxanthin-fed canine. Therefore, dietary astaxanthin heightened cell-mediated and humoral immune response and reduced DNA
damage and inflammation in canine.

EXTRACT FROM ARTICLE

In summary, dietary astaxanthin enhanced cell mediated and humoral immune response, and exerted its antioxidant action by
decreasing DNA damage and acute phase protein production. Dietary amount of 20mg or less seems to provide adequate immune
protection in the event of stress.

Lutein
Kim HW, Chew BP, Wong TS, Park JS, Weng BBC, Byrne KM, Hayek MG, Reinhart GA. 2000. Modulation of humoral and cell-mediated

immune responses by dietary lutein in feline.
Veterinary Immunology and Immunopathology. 73(3-4):331-341.

ABSTRACT

The immuno-modulatory role of dietary lutein in domestic feline is unknown. Female Tabby feline (10-month old; n 56) were
supplemented daily for 12 weeks with O, 1, 5 or 10 mg lutein. Blood was collected on Weeks O, 2, 4, 8 and 12 to assess the following: (1)
mitogen-induced peripheral blood mononuclear cells (PBMCs) proliferation, (2) changes in PBMC subpopulations, (3) interleukin-2
(IL-2) production and (4) plasma immunoglobulin (Ig)G production. In addition, delayed-type hypersensitivity (DTH) response

to concanavalin A (Con A) or a polyvalent vaccine was performed on Weeks O, 6 and 12. Dietary lutein increased plasma lutein
concentrations in a dose-dependent manner (p<0.001) and concentrations had not reached steady state after 12 weeks of feeding

in feline given 5 or 10 mg lutein. Concentrations of plasma retinol and a-tocopherol were not influenced by diet. The DTH response

to vaccine but not to Con A increased (p<0.05) in a dose dependent manner on Week 6. Compared to control, feline fed lutein also
showed enhanced Con A and pokeweed mitogen-stimulated PBMCs proliferation. Dietary lutein also increased the percentages of
CD4 and CD21 lymphocytes on Week 12 but had no significant effect on pan T, CD8 and MHC class Il markers. Plasma IgG was higher
(p<0.05) in feline fed 10 mg lutein on Weeks 8 and 12. These results support the immuno-modulatory action of lutein in domestic feline.

Thiamine

Mrowicka M, Mrowicki J, Dragan G, Majsterek |. 2023. The importance of thiamine (vitamin B1) in humans.
Biosci Rep. Oct 31;43(10):BSR20230374. doi: 10.1042/BSR20230374. PMID: 37389565; PMCID: PMC10568373

ABSTRACT

Thiamine (B1) is a vitamin necessary for proper cell function. It exists in a free form asathiamine, orasamono-,di-ortriphosphate.
Thiamine plays a special role in the body as a co enzyme necessary for the metabolism of carbohydrates, fats and proteins. In addition,
it participates in the cellular respiration and oxidation of fatty acids: in malnourished people, high doses of glucose result in acute
thiamine deficiency. It also participates in energy production in the mitochondria and protein synthesis. In addition, it is also needed to
ensure the proper functioning of the central and peripheral nervous system, where it is involved in neurotransmitter synthesis.

Jones PT, Anderson R. 1983. Oxidative inhibition of polymorphonuclear leukocyte motility mediated by the peroxidase/H202/halide
system: Studies on the reversible nature of the inhibition and mechanism of protection of migratory responsiveness by ascorbate,
levamisole, thiamine and cysteine.

International Journal of Immunopharmacology. 5(5):377-389.

ABSTRACT

The antimicrobial oxidative system (myeloperoxidase (MPO), H202 and a halide) produced by stimulated PMNLs is simulated in
vitro using horseradish peroxidase (HRP), H202 and Nal. Ascorbate, thiamine, levamisole and cysteine prevent and reverse the
PMNL motility inhibiting effects of the HRP/H202/Nal system. The ability of these agents to protect the PMNL specifically from the
known iodinating and oxidising abilities of this system was investigated. All four agents protect the PMNL from iodination by HRP/
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H202/Nal. However, only ascorbate and thiamine are able to reverse this process after it has occurred. Thiamine is seen on thin layer
chromatography followed by autoradiography to be iodinated by this system. Ascorbate, thiamine and cysteine are able to protect the
neutrophil sulfhydryl groups from oxidation by the system. One can therefore conclude that ascorbate and cysteine protect neutrophil
motility from inhibition by the HRP/H202/Nal system by acting as reducing agents which maintain the neutrophil sulfhydryl groups.
Thiamine also acts as a reducing agent, though not as effectively as ascorbate or cysteine. In addition, thiamine protects the PMNL
from iodination by a competitive mechanism. The mechanism of levamisole protection is less clear but may involve scavenging of free
radicals generated by the HRP/H202/Nal system.

Protease enzymes, glycolysis and adherence are found not to be target sites for the PMNL motility inhibiting effects of the HRP/H202/
Nal system. Further, increasing concentrations of the synthetic leukoattractant FMLP were shown to increase the auto-iodination

of PMNLs without addition of extraneous peroxidase or peroxide. This data was compared with optimal FMLP concentrations for
chemotaxis.

Vitamin C

Carr AC, Maggini S. 2017. Vitamin C and Immune Function.
Nutrients. 3;9(11):1211. doi: 10.3390/nu9111211. PMID: 29099763; PMCID: PMC5707683.

ABSTRACT

Vitamin C is an essential micronutrient for humans, with pleiotropic functions related to its ability to donate electrons. It is a potent
antioxidant and a cofactor for a family of biosynthetic and gene regulatory enzymes. Vitamin C contributes to immune defence by
supporting various cellular functions of both the innate and adaptive immune system. Vitamin C supports epithelial barrier function
against pathogens and promotes the oxidant scavenging activity of the skin, thereby potentially protecting against environmental
oxidative stress. Vitamin C accumulates in phagocytic cells, such as neutrophils, and can enhance chemotaxis, phagocytosis, generation
of reactive oxygen species, and ultimately microbial killing. It is also needed for apoptosis and clearance of the spent neutrophils

from sites of infection by macrophages, thereby decreasing necrosis/NETosis and potential tissue damage. The role of vitamin C

in lymphocytes is less clear, but it has been shown to enhance differentiation and proliferation of B- and T-cells, likely due to its

gene regulating effects. Vitamin C deficiency results in impaired immunity and higher susceptibility to infections. In turn, infections
significantly impact on vitamin C levels due to enhanced inflammation and metabolic requirements. Furthermore, supplementation with
vitamin C appears to be able to both prevent and treat respiratory and systemic infections. Prophylactic prevention of infection requires
dietary vitamin Cintakes that provide at least adequate, if not saturating plasma levels (i.e., 100-200 mg/day), which optimise cell and
tissue levels. In contrast, treatment of established infections requires significantly higher (gram) doses of the vitamin to compensate for
the increased inflammatory response and metabolic demand.

EXTRACT FROM ARTICLE
Vitamin C supplementation of keratinocytes in culture enhances differentiation and barrier function via modulating signalling and
biosynthetic pathways, with resultant elevations in barrier lipid synthesis

Leukocytes, such as neutrophils and monocytes, actively accumulate vitamin C against a concentration gradient, resulting in values
that are 50-to100-fold higher than plasma concentrations. It is believed that the accumulation of such high vitamin C concentrations
indicates important functions within these cells. Neutrophils contain high levels of polyunsaturated fatty acids in their plasma
membranes, and thus improvements in neutrophil motility observed following vitamin C administration (see below) could conceivably
be attributed to oxidant scavenging as well as regeneration of vitamin E.

Bae M, Kim H. 2020. The Role of Vitamin C, Vitamin D, and Selenium in Immune System against COVID-19.
Molecules. 25(22):5346

ABSTRACT

Low levels of micronutrients have been associated with adverse clinical outcomes during viral infections. Therefore, to maximise

the nutritional defence against infections, a daily allowance of vitamins and trace elements for malnourished patients at risk of or
diagnosed with coronavirus disease 2019 (COVID-19) may be beneficial. Recent studies on COVID-19 patients have shown that vitamin
D and selenium deficiencies are evident in patients with acute respiratory tract infections.

Vitamin D improves the physical barrier against viruses and stimulates the production of antimicrobial peptides. It may prevent cytokine
storms by decreasing the production of inflammatory cytokines. Selenium is important for maintaining T cell maturation and functions,
as well as for T cell-dependent antibody production.

Vitamin C is considered an antiviral agent as it increases immunity. Administration of vitamin C increased the survival rate of COVID-19
patients by attenuating excessive activation of the immune response. Vitamin C increases antiviral cytokines and free radical formation,
decreasing viral yield. It also attenuates excessive inflammatory responses and hyperactivation of immune cells.

Jewell DE, Motsinger LA, Inke Paetau-Robinson. 2024. Effect of dietary antioxidants on free radical damage in canine and feline.
Journal of Animal Science. 102. doi:https://doi.org/10.1093/jas/skae153.

ABSTRACT

Alpha-tocopherol (vitamin E) is an antioxidant that is largely involved in immune defence and enhancing the ability of biological
systems to respond to oxidative stress. During the process of free radical scavenging, vitamin C supports the regeneration of vitamin
E. Although the functions of antioxidants and their importance have been widely studied, the intricate interplay between antioxidants
has yet to be fully elucidated, especially in canine and feline. As such, the objective of the present study was to determine the effect of
a combination of dietary antioxidants on DNA damage and antioxidant status in canine and feline. Forty adult mixed-breed canine and
40 adult domestic shorthair feline were randomly assigned to one of four treatment groups per species. Canine and feline remained in
these groups for the 84-d duration of the study. The food differed in antioxidant supplementation with the control food meeting all of
the Association of American Feed Control Officials requirements for complete and balanced nutrition, including sufficient vitamin E to
exceed the published minimum. The treatment diets were targeted to include either 500, 1,000, or 1,500 U vitamin E/kg as well as 100
ppm of vitamin C and 1.5 ppm of -carotene in the food. The effect of vitamin E supplementation level on serum vitamin E concentration,
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DNA damage, and total antioxidant power was evaluated. Feeding diets enriched with antioxidants resulted in an increased (P < 0.05)
circulating vitamin E concentration, increased (P < 0.05) immune cell protection, reduced (P < 0.05) DNA damage in canine, and an
improved (P < 0.05) antioxidant status. Overall, these data demonstrated that feeding a dry kibble with an antioxidant blend inclusive
of vitamin E, vitamin C, and -carotene enhanced cell protection and improved antioxidant status in canine and feline.

Vitamin E

O’Brien T, Thomas DG, Morel PCH, Rutherfurd-Markwick KJ. 2015. Moderate dietary supplementation with vitamin E enhances
lymphocyte functionality in the adult feline.
Research in Veterinary Science. 99:63-69

ABSTRACT

This study aimed to determine the effects of supplemental Vit E and/or Se on selected parameters of the immune system of the feline.
Nine diets were fed in a 3 3 factorial design with no supplementation (control (C)); and either moderate (M); or high (H) levels of Vit
E (0, 225 or 450 mg/kg DM diet) and/or Se (0, 2 or 10mg/kg DM diet) added to a complete and balanced basal diet. After 28 days

of feeding, enhanced lymphocyte proliferative responses to Concanavalin A and phytohaemagglutinin were observed (P < 0.05) in
feline fed diets containing supplemental Vit E, irrespective of whether they also contained Se. Feline in the MVitE, HVitE, MVitE +MSe,
HVitE+MSe, and HVitE+HSe groups all showed enhancement of phagocytic activity compared to control animals. Our results indicate
that a supplemental level of 225 mg/kg DM diet Vit E appears to have beneficial effects on immune function in the feline.

EXTRACT FROM ARTICLE

Combined supplementation of Vit E and Se has also been found to produce a greater enhancement of immune function in some
species; an effect that is thought to be due to the synergistic antioxidant effects of Vit E and Se in the cell mem brane and their control
of arachidonic acid metabolism.

Free radicals and lipid peroxidation have a suppressive effect on the immune system and the antioxidant activity of Vit E is thought
to reduce these effects and enhance the immune response. Vitamin E may also regulate immune function by reducing the activity or
synthesis of immunosuppressive compounds, such as prostaglandin E2.

The effects of Vit E supplementation on immune cell function and resistance to pathogens in various production animals, laboratory
animals and humans, have shown that Vit E supplementation can influence both the innate and acquired immune systems. It has been
suggested that phagocytic activity may be enhanced by Vit E supplementation, which is likely to be due to the effects of Vit E on the
production of immunosuppressive compounds such as free radicals and prostaglandin E2.

Lewis ED, Meydani SN, Wu D. 2019. Regulatory role of vitamin E in the immune system and inflammation.
IUBMB Life. 71(4):487-494.

ABSTRACT

Vitamin E, a potent lipid-soluble antioxidant, found in higher concentration in immune cells compared to other cells in blood, is one

of the most effective nutrients known to modulate immune function. Vitamin E deficiency has been demonstrated to impair normal
functions of the immune systemin animals and humans, which can be corrected by vitamin E repletion. Although deficiency is rare,
vitamin E supplementation above current dietary recommendations has been shown to enhance the function of the immune system
and reduce risk of infection, particularly in older individuals. The mechanisms responsible for the effect of vitamin E on the immune
system and inflammation have been explored in cell-based, pre-clinical and clinical intervention studies. Vitamin E modulates T cell
function through directly impacting T cell membrane integrity, signal transduction, and cell division, and also indirectly by affecting
inflammatory mediators generated from other immune cells. Modulation of immune function by vitamin E has clinical relevance as it
affects host susceptibility to infectious diseases such as respiratory infections, in addition to allergic diseases such as asthma. Studies
examining the role of vitamin E in the immune system have typically focused on -tocopherol; however, emerging evidence suggests
that other forms of vitamin E ,including other tocopherols as well as tocotrienols, may also have potent immunomodulatory functions.
Future research should continue to identify and confirm the optimal doses for individuals at different life stage, health condition,
nutritional status, and genetic heterogeneity. Future research should also characterize the effects of non- -alpha-tocopherol vitamin E
on immune cell function as well as their potential clinical application.

Jewell DE, Motsinger LA, Inke Paetau-Robinson. 2024. Effect of dietary antioxidants on free radical damage in canine and feline.
Journal of Animal Science. 102. doi:https://doi.org/10.1093/jas/skae153.

Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. 2010. Vitamin D: modulator of the immune system.
Current Opinion in Pharmacology. 10(4):482-496.

ABSTRACT

1,25-dihydroxyvitamin D3 (1,25(0OH)2D3), the active form of vitamin D, is known to regulate calcium and phosphorus metabolism,
thus being a key-player in bone-formation. However 1,25(0OH)2D3 also has a physiological role beyond its well-known role in
skeletal homeostasis. Here, we describe 1,25(0OH)2D3 as an immunomodulator targeting various immune cells, including monocytes,
macrophages, dendritic cells (DCs), as well as T-lymphocytes and B-lymphocytes, hence modulating both innate and adaptive immune
responses. Besides being targets, immune cells express vitamin D-activating enzymes, allowing local conversion of inactive vitamin
D into 1,25(0OH)2D3 within the immune system. Taken together, these data indicate that 1,25(0OH)2D3 plays a role in maintenance of
immune homeostasis. Several epidemiological studies have linked inadequate vitamin D levels to a higher susceptibility of immune-
mediated disorders, including chronic infections and autoimmune diseases. This review will discuss the complex immune-regulatory
effects of 1,25(0OH)2D3 on immune cells as well as its role in infectious and autoimmune diseases, more in particular in tuberculosis
and type 1 diabetes (T1D).

Weidner N, Verbrugghe A. 2016. Current knowledge of vitamin D in canine.
Critical Reviews in Food Science and Nutrition. 57(18):3850-3859

ABSTRACT
There is emerging interest in linking vitamin D status to physiological health and disease states in the canine, as evidenced by the
recent increase in Publications in this area. This research has most likely been spurred by the studies exploring vitamin D and disease
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in humans. However, there are important differences in vitamin D intake and metabolism between humans and canine that should be
accounted for. The understanding of basic vitamin D metabolism and the relationship between vitamin D intake and vitamin D status

in canine remains even more limited than current knowledge in humans. This review will summarise current knowledge of vitamin D in
the canine, including metabolism and dietary recommendations. Emphasis is placed on the limitations to current knowledge. Studies
investigating links between vitamin D and disease will be discussed in light of this knowledge. Suggestions for future research, including
the development of reference ranges to define blood vitamin D sufficiency, are provided.

EXTRACT FROM ARTICLE

Since a low vitamin D status may be observed prior to IBD diagnosis, Garg et al. also summarise roles for vitamin D in IBD development
and progression including: the maintenance of epithelial barrier, involvement in the innate immune response and the adaptive T-cell
response, and genetic polymorphisms in vitamin D metabolism which may increase IBD risk.

Shahraki RG, Shomal T, Taherianfard M, et al. 2024. A study on the effects of vitamin D
supplementation on hematological parameters and serum 25-hydroxy vitamin D in healthy canine.
BMC Veterinary Research 20:221

ABSTRACT

Background Limited studies are available on vitamin D supplementation in canine. This study evaluates the effect of a commercial
vitamin D3 supplement on serum 25-hydroxy vitamin D as well as selected biochemical and hematological parameters in healthy
canine. Eight intact male adult canine with a mean body weight of 20 kg from mixed breeds were included in the study. After
adaptation period, canine received vitamin D3 supplement at the dose of 50 IU/kg body weight per day. Blood samples were collected
on days O, 14, 28 and 42 of supplementation. Food was used for analysis of vitamin D3 content.

Results Significant increase in serum level of 25-hydroxy vitamin D3 was detected since day 14 of supplementation. Changes in serum
25-hydroxy vitamin D3 concentration during time showed an upward significance (p<0.05).

Vitamin D3 content of the food was 2900 IU/kg dry matter. Changes in serum phosphorus levels were upward significant. No canine
showed calcium or phosphorus levels above the highest reference level. Liver and kidney parameters remained in the reference range
during the experiment. A gradual significant increase was observed in hemoglobin and hematocrit which was started from day 14.
Vitamin D3 supplementation had no significant effect on neutrophils, monocytes and lymphocytes percent during the study.

Conclusions Vitamin D3 supplementation at 50 IU/kg BW daily, increases serum levels of 25-hydroxy vitamin D in healthy canine fed
with a diet containing proper amount of this vitamin. It also increases hemoglobin and hematocrit levels in a time dependent manner
without inducing adverse effects.

Selenium

O’Brien T, Thomas DG, Morel PCH, Rutherfurd-Markwick KJ. 2015. Moderate dietary supplementation with vitamin E enhances
lymphocyte functionality in the adult feline.
Research in Veterinary Science. 99:63-69

EXTRACT FROM ARTICLE

Selenium is thought to modulate immune function and reduce inflammation by a number of mechanisms. These include incorporation
into glutathione peroxidase, which performs antioxidant removal of immunosuppressive radical peroxides and regulation of the
lipoxygenase and cyclo-oxygenase pathways of the arachidonic acid cascade , which in turn controls the synthesis of leukotrienes,
thromboxanes, prostaglandins and lipoxins and modulates the products of the respiratory burst of phagocytes.

Selenium also increases expression of the high-affinity interleukin-2 receptor on T cells, thereby increasing T cell activity.

Zentrichova V, Pechova A, Kova ikova S. 2021. Selenium and Canine: A Systematic Review.
Animals (Basel). 2021 Feb 6;11(2):418.

ABSTRACT

The intent of this review is to summarise the knowledge about selenium and its function in a canine body. For this purpose, systematic
literature search was conducted. For mammals, including canine, a balanced diet and sufficient intake of selenium are important

for correct function of metabolism. As for selenium poisoning, there are no naturally occurring cases known. Nowadays, we do not
encounter clinical signs of its deficiency either, but it can be subclinical. For now, the most reliable method of assessing selenium status
of a canine is measuring serum or plasma levels. Levels in full blood can be measured too, but there are no reference values. The use of
glutathione peroxidase as an indirect assay is questionable in canines. Commercial canine food manufactures follow recommendations
for minimal and maximal selenium levels and so canine fed commercial diets should have balanced intake of selenium. For canine fed
home-made diets, complex data are missing. However, subclinical deficiency seems to affect, for example, male fertility or recovery
from parasitical diseases. Very interesting is the role of selenium in prevention and treatment of cancer.

Smith AD, Panickar KS, Urban JF Jr, Dawson HD. 2018. Impact of Micronutrients on the Immune Response of Animals.
Annu Rev Anim Biosci. 2018 Feb 15;6:227-254.

ABSTRACT

Vitamins and minerals (micronutrients) play an important role in regulating and shaping an immune response. Deficiencies generally
result in inadequate or dysregulated cellular activity and cytokine expression, thereby affecting the immune response. Decreased levels
of natural killer, granulocyte, and phagocytic cell activity and T and B cell proliferation and trafficking are associated with inadequate
levels of micronutrients, as well as increased susceptibility to various adverse health conditions, including inflammatory disorders,
infection, and altered vaccine efficacy. In addition, most studies of micronutrient modulation of immune responses have been done in
rodents and humans, thus limiting application to the health and well-being of livestock and companion animals. This exploratory review
elucidates the role of vitamins and minerals on immune function and inflammatory responses in animals (pigs, canine, feline, horses,
goats, sheep, and cattle), with reference to rodents and humans.
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Maywald M, Wessels |, Rink L. 2017. Zinc Signals and Immunity.
International Journal of Molecular Sciences. 18(10)

ABSTRACT

Zinc homeostasis is crucial for an adequate function of the immune system. Zinc deficiency as well as zinc excess result in severe
disturbances in immune cell numbers and activities, which can result in increased susceptibility to infections and development of
especially inflammatory diseases. This review focuses on the role of zinc in regulating intracellular signalling pathways in innate as well
as adaptive immune cells. Main underlying molecular mechanisms and targets affected by altered zinc homeostasis, including kinases,
caspases, phosphatases, and phosphodiesterases, will be highlighted in this article. In addition, the interplay of zinc homeostasis and
the redox metabolism in affecting intracellular signalling will be emphasized. Key signalling pathways will be described in detail for
the different cell types of the immune system. In this, effects of fast zinc flux, taking place within a few seconds to minutes will be
distinguish from slower types of zinc signals, also designated as “zinc waves”, and late homeostatic zinc signals regarding prolonged
changes in intracellular zinc.

Beta-Glucans

Livia Geraldi Ferreira, Mariangela Endrighi, Karen Guttenkunst Lisenko,et al. 2018. Oat Beta-Glucan as a dietary supplement for canine.
PLOS ONE. 13(7):e0201133-e0201133.

ABSTRACT

The aim of this study was to evaluate the effects of oat Beta-Glucan supplementation on

metabolic, physiological, immunological and nutritional variables in adult canine. Fourteen canine were fed a control diet or a diet
supplemented with 1% Beta-Glucan during 71 days. Serum concentrations of glucose, total cholesterol and lipoprotein fractions, as well
as plasma concentrations of peptide YY and ghrelin, were determined. In addition, coefficient of total tract apparent macronutrient
digestibility (CTTAD), food intake and fecal output, score, and pH were evaluated. For evaluation of immunological variables, serum
concentrations of inter leukin-4 and interferon gamma were determined on days O, 57 and 71, which corresponded to blood collection
prior to Beta-Glucan supplementation, and at 7 and 14 days post first and second dose of vaccination (Pneumocanine ® , Merial,
Campinas, Brazil), respectively. It is concluded that oat Beta-Glucan extract can be used as a dietary supplement for canine at a dose of
10 g/kg of food, being effective in reducing blood concentrations of total cholesterol, LDL-c and VLDL-c as well as CTTAD of nutrients,
demonstrating a potential to be used in the feeding of obese animals. In addition, by reducing the predominance of a Th2 response, oat
Beta-Glucan can positively modulate the vaccine response of animals.

Murphy EA, Davis JM, Carmichael MD. 2010. Immune modulating effects of Beta-Glucan.
Current Opinion in Clinical Nutrition and Metabolic Care. 13(6):656-661.

ABSTRACT
Purpose of review. To examine the recent scientific literature on the immune modulating effects of Beta-Glucans and subsequent
benefits on infection and cancer.

Recent findings. Beta-Glucans have been investigated for their ability to protect against infection and cancer and more recently for
their therapeutic potential when combined with cancer therapy. Their immune modulating effects are attributed to the ability to bind
to pattern recognition receptors including complement receptor 3, scavenger receptors, lactosylceramide, and dectin-1 that results

in activation of different aspects of the immune response depending on the cell types and species involved although there is some
controversy about the relative importance of each of these receptors. Most of the available evidence comes from preclinical data and
human studies are just now beginning to appear in the literature, therefore firm conclusions on its clinical importance cannot yet be
made. Perhaps the most promising evidence to date in human trials has come from recent studies on a benefit of Beta-Glucan on
quality of life and survival when given in combination with cancer treatment. We identify the need for future studies that compare
purified forms of Beta-Glucans from different sources to further the understanding of the mechanisms of action and aid in the
development of clinical studies.

Summary. Beta-Glucans appear to be effective at enhancing immune function and reducing susceptibility to infection and cancer. A
better understanding of the mechanisms of Beta-Glucan recognition and subsequent immune activation is necessary for the design of
effective treatment approaches in future clinical trials.

Urbancikova |, Hudackova D, Majtan J, Rennerova Z, Banovcin P, Jesenak M. 2020. Efficacy of Pleuran (Beta-Glucan from Pleurotus
ostreatus) in the Management of Herpes Simplex Virus Type 1 Infection. Evidence-Based Complementary and Alternative Medicine.
2020:1-8

EXTRACT FROM ARTICLE

Beta-Glucans are glucose polymers derived from a variety of sources, including yeast, grain, alga, and fungus, and belong to the class
of drugs known as biological response modifiers (1). Nowadays, Beta-Glucans have attracted considerable attention due to their anti-
infective, antiviral, antitumour, and immunomodulatory activities as well as wound healing properties.

The antiviral effect of Beta-Glucans can be mediated directly through the inhibition and/or disruption of virus particles or indirectly by
enhancing host antiviral defence. e mechanism of Beta-Glucan’s action is mediated through several receptors, especially the dectin-1
receptor, toll-like receptors (TLR 2, 4, and 6), complement receptor 3 (CR3), scavenger receptor, and lactosylceramide The most
important is the dectin-1 receptor, which is highly expressed in many immunocompetent cells, such as dendritic cells (DC), neutrophils,
eosinophils, macrophages, monocytes, and several T lymphocytes.

Fungal and oat Beta-Glucans exhibit in vitro antiherpetic activity and inhibit viral adsorption, penetration, and cell to-cell spread and
increase the macrophage pro-inflammatory cytokine response to HSV-linfection.

Marchi PH, Vendramini THA, Zafalon RVA, Principe LdA, Cesar CGL, Perini MP, Putarov TC, Gomes COMS, Balieiro JCdC, Brunetto MA.
2024. Effects of Increasing Levels of Purified Beta-1,3/1,6Beta-Glucans on the Fecal Microbiome, Digestibility, and Immunity Variables of
Healthy Adult Canine.

Microorganisms. 12(1):113. https://doi.org/10.3390/microorganisms12010113
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ABSTRACT

Yeast-purified beta-1,3/1,6Beta-Glucans (BG) can modulate canine’ immune systems and microbiome, but the optimal inclusion dose
remains unknown The aim of the study was to evaluate the effects of 0.0, 0.07, 0.14, and 0.28% inclusion of BG in a dry extruded diet
on the digestibility, immunity, and fecal microbiota of healthy adult canine. Eight male and female border collies (n = 4; body condition
score (BCS) = 5) and English cocker spaniels (n = 4; BCS = 5), aged 3.5 3 0.5 years, were randomly distributed into two 4 4 balanced
Latin squares. Fecal microbiota (using 16S rRNA sequencing, lllumina®), apparent digestibility coefficients (ADC) of nutrients, fecal
concentrations of short-chain fatty acids (SCFA) and branched-chain fatty acids (BCFA), ammoniacal nitrogen, lactic acid, IgA and pH,
lymphocyte immunophenotyping, intensity and percentage of phagocytosis and oxidative burst were determined. No differences were
observed in Faith (p = 0.1414) and Pielou-evenness (p = 0.1151) between treatments, but beta diversity was different between 0.0% and
0.14% BG groups (p = 0.047). Moreover, the Firmicutes phylum was the most abundant in all groups and exhibited the highest relative
abundance after the consumption of 0.14% BG, a finding considered beneficial for the canine microbiome. The Erysipelotrichaceae

and Ruminococcaceae families, along with the Faecalibacterium and Prevotella genera, considered favourable for their involvement

in butyrate production and other metabolites, showed increased abundance after the consumption of 0.14% BG. The potentially
pathogenic Proteobacteria phylum displayed lower abundance after the consumption of 0.14% BG. Fecal concentrations of the
evaluated compounds and pH did not differ after consumption of the BG at all percentages. Higher crude protein ADC was found after
0.14 and 0.28% BG consumption (p < 0.0001), but no differences were found for other nutrients. Phagocytosis, oxidative burst, and
lymphocyte populations were not modulated by any of the treatments; however, 0.14% BG modulated the lymphocyte T CD4+:CD8+
ratio (p = 0.0368), an important marker of immune system efficiency. The inclusion of 0.14% BG resulted in the best responses and was
the best dose evaluated.

Resveratrol

Lai X, Pei Q, Song X, Zhou X, Yin Z, Jia R, Zou Y, Li L, Yue G, Liang X, et al. 2016. The enhancement of immune function and activation of
NF- B by resveratrol-treatment in immunosuppressive mice. International Immunopharmacology. 33:42-47.

ABSTRACT

Resveratrol, a kind of natural product found in over 70 plants, possesses both immunomodulatory and anticancer effects. Many reports
have shown that resveratrol has the bidirectional regulation effects on antigen presenting and cellular immunity. However, few reports
have evaluated the effects of resveratrol on reinforcing immunity recovery via activating nuclear factor - appa B (NF- B). In the present
study, we investigated the effects of resveratrol on recovery and reconstruction of immune function by detecting nonspecific and
specific immunity in immunosuppressive mice. We found that, compared to the immunosuppressive mice, the spleen index and spleen
lymphocyte proliferation of resveratrol-treated mice (30 mg/kg body weight) were enhanced. After resveratrol-treatment (15 mg/

kg body weight), the function of peritoneal macrophages was enhanced and the CD4 + cells were increased in peripheral blood. The
expressions of serum cytokines related to immune function, including interleukin (IL)-1 /, IL-2, tumour necrosis factor- and NF- B were
up-regulated in a dose-dependent manner. The expression of the transcription factor NF- B in spleen was enhanced after resveratrol-
treatment. The immuno-enhancement effects of resveratrol were similar to that of levamisole (served as positive control). These results
demonstrated that resveratrol had potent immune enhancement activity in immunosuppressive mice, and one possible mechanism of
action was to activate the NF- B.

Alesci A, Nicosia N, Fumia A, Giorgianni F, Souto EB, Cicero N. 2022. Resveratrol and Immune Cells: A Link to Improve Human Health.
Molecules. 27(2):424-424.

ABSTRACT

The use of polyphenols as adjuvants in lowering risk factors for various debilitating diseases has been investigated in recent years due
to their possible antioxidant action. Polyphenols represent a fascinating and relatively new subject of research in nutraceuticals and
nutrition, with interest rapidly expanding since they can help maintain health by controlling metabolism, weight, chronic diseases, and
cell proliferation. Resveratrol is a phenolic compound found mostly in the pulp, peels, seeds, and stems of red grapes. It has a wide
variety of biological actions that can be used to prevent the beginning of various diseases or manage their symptoms. Resveratrol can
influence multiple inflammatory and non-inflammatory responses, protecting organs and tissues, thanks to its interaction with immune
cells and its activity on SIRT1. This compound has anti-inflammatory, antioxidant, anti-apoptotic, neuroprotective, cardioprotective,
anticancer, and antiviral properties, making it a potential adjunct to traditional pharmaceutical therapy in public health. This review
aims to provide a comprehensive analysis of resveratrol in terms of active biological effects and mechanism of action in modifying the
immune cellular response to promote human psychophysical health.

EXTRACT FROM ARTICLE

This natural flavonoid can mitigate toxicities related to chemo-radiation therapy in normal tissues and enhance migration of cells
toward injured areas, which is important from a therapeutic standpoint. It also has modulatory effects on the tumour microenvironment.
Furthermore, this polyphenol is also involved in the maintenance of liver metabolism, interacts and strengthens the immune system
(16), and acts on the nervous system. Some studies report the neuroprotective effect of RSV against neurodegeneration, which sees its
genesis in an impaired mitochondrial function.

RSV can enter the cell via passive diffusion, mediated endocytosis, or via transporter proteins, binding to specific receptors, such as
integrin receptor v3 (36,37). It contributes to modulating innate and adaptive immunity, stimulating the activation of macrophages, T
cells, and natural killer (NK) cells, and cooperating in the inhibitory regulation of CD4+ CD25+ T cells.

L Arginine
Popovic PJ, Zeh HJ, Ochoa JB. 2007. Arginine and Immunity.
The Journal of Nutrition. 137(6):168151686S

ABSTRACT

For many years, dietary arginine supplementation, often combined with other substances, has been used as a mechanism to boost
the immune system. Considerable controversy, however, exists as to the benefits and INDICATIONS of dietary arginine due in part to
a poor understanding of the role played by this amino acid in maintaining immune function. Emerging knowledge promises to clear
this controversy and allow for arginine’s safe use. In myeloid cells, arginine is mainly metabolized either by inducible nitric oxide (NO)
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synthases (iNOS) or by arginase 1, enzymes that are stimulated by T helper 1 or 2 cytokines, respectively. Thus, activation of iINOS or
arginase (or both) reflects the type of inflammatory response in a specific disease process. Myeloid suppressor cells (MSC) expressing
arginase have been described in trauma (in both mice and humans), intra-abdominal sepsis, certain infections, and prominently, cancer.
Myeloid cells expressing arginase have been shown to accumulate in patients with cancer. Arginase 1 expression is also detected in
mononuclear cells after trauma or surgery. MSC efficiently deplete arginine and generate ornithine. Through arginine depletion, MSC
may control NO production and regulate other arginine-dependent biological processes. Low circulating arginine has been documented
in trauma and cancer, suggesting that MSC may exert a systemic effect and cause a state of arginine deficiency. Simultaneously, T
lymphocytes depend on arginine for proliferation, z-chain peptide and T-cell receptor complex expression, and the development of
memory. T-cells cocultured with MSC exhibit the molecular and functional effects associated with arginine deficiency. Not surprisingly,
T-cell abnormalities, including decreased proliferation and loss of the z-chain, are observed in cancer and after trauma.

EXTRACT FROM ARTICLE

Dietary arginine supplementation is still largely misunderstood, probably due to a lack of knowledge of its exact role in the regulation
of immune functions. Recently, investigators, including us, have demonstrated that under some circumstances, such as cancer or after
trauma, there is an upregulation of myeloid cells expressing arginase 1, capable of depleting arginine necessary for normal physiologic
processes such as NO production and/or T-cell function. The pathologic presence of MSC may lead to significant immunosuppression
and thus to poor outcomes. Treatment of arginine deficiency involves several possible strategies, including prevention of MSC
accumulation and activation, prevention of arginase 1 upregulation, blockade of arginase activity, or dietary strategies aimed at
restoring argi nine plasma concentrations.

Rutherfurd-Markwick KJ, Hendriks WH, Morel PCH, Thomas DG. 2013. The potential for enhancement of immunity in feline by dietary
supplementation.
Veterinary Immunology and Immunopathology. 152(3-4):333-340.

ABSTRACT

This study was conducted to examine the potential benefits of dietary supplementation on the feline immune system. Forty three feline
(8 or 9 per group) were fed a low protein control diet (22.7% DM basis), the same diet supplemented with yeast-derived nucleotides,
salmon oil or I-arginine or a commercial moist high protein diet (53.0% DM basis) for a period of five weeks. The low protein diets were
formulated using a commercial moist diet base with added fat and starch and fed ad libitum, along with water. Specific immune assays
showed that supplementation with arginine caused a significant enhancement of lymphocyte proliferative responses to the T-cell
mitogen PHA after 35 days (P = 0.018), while supplementation with either nucleotides or salmon oil resulted in significant enhancement
after both 14 (P = 0.0048, P < 0.0001 respectively) and 35 days (both P < 0.0001). Dietary supplementation with arginine, nucleotides
or salmon oil each led to significant increases in blood leucocyte phagocytic activity after both 14 (P = 0.0003, P = 0.0077, P

< 0.0001 respectively) and 35 days (P < 0.0001). This indicates that a number of dietary ingredients have the ability to modulate the
immune system of healthy feline possibly resulting in a greater ability to fight infection and disease.

L-Glutamine

Krishna Rao R. 2012. Role of Glutamine in Protection of Intestinal Epithelial Tight Junctions.
Journal of Epithelial Biology and Pharmacology. 5(1):47-54.

ABSTRACT

In addition to its important role in digestion, absorption and secretion, the gastrointestinal epithelium serves as a barrier to the diffusion
of toxins, allergens and pathogens from the luminal contents into the interstitial tissue. Barrier disruption and diffusion of noxious
substances are known to induce mucosal inflammation and tissue injury. In fact, the disruption of gut barrier function plays a crucial
role in the pathogenesis of numerous gastrointestinal diseases such as inflammatory bowel disease (IBD), irritable bowel syndrome
(IBS), celiac disease and infectious enterocolitis. The specialized junctional complexes called tight junctions provide the intestinal
epithelial barrier function. Loss of tight junction integrity and increased intestinal permeability to macromolecules are associated with
the pathogenesis of IBD, IBS and celiac disease. Mucosal protective factors such as growth factors and nutrients preserve the gut
barrier integrity and are beneficial in the treatment of various gastrointestinal diseases. L-Glutamine the most abundant amino acid

in blood plays a vital role in the maintenance of mucosal integrity. Glutamine is traditionally termed as a nonessential amino acid, is
now considered a “conditionally essential” amino acid. Its consumption in small bowel mucosa exceeds the rate of production during
catabolic stress such as trauma, sepsis and post surgery (1, 2). In the small bowel mucosa, glutamine is an unique nutrient providing fuel
for metabolism, regulating cell proliferation, repair and maintaining the gut barrier functions (3). The focus of this article is on the role
of L-glutamine in the preservation of gut barrier function and the epithelial tight junction integrity and gut barrier function.

Newsholme P. 2001. Why Is L-Glutamine Metabolism Important to Cells of the Immune System in Health, Postinjury, Surgery or
Infection?
The Journal of Nutrition. 131(9):251552522S

ABSTRACT

Glutamine is normally considered to be a nonessential amino acid. However, recent studies have provided evidence that glutamine
may become “conditionally essential” during inflammatory conditions such as infection and injury. It is now well documented that
under appropriate conditions, glutamine is essential for cell proliferation, that it can act as a respiratory fuel and that it can enhance
the function of stimulated immune cells. Studies thus far have determined the effect of extracellular glutamine concentration on
lymphocyte proliferation and cytokine production, macrophage phagocytic plus secretory activities and neutrophil bacterial killing.
Other cells of the immune system remain to be studied. The high rate of glutamine utilisation and its importance to the function of
lymphocytes, macrophages and neutrophils have raised the question “why glutamine?” because these cells have access to a variety
of metabolic fuels both in vivo and in vitro. | have attempted to answer this question in this article. Additionally, knowledge of the rate
of utilisation and the pathway of metabolism of glutamine by cells of the immune system raises some intriguing questions concerning
therapeutic manipulation of utilisation of this amino acid such that the proliferative, phagocytic and secretory capacities of cells of the
defence system may be beneficially altered. Evidence to support the hypothesis that glutamine is beneficially immunomodulatory in
animal models of infection and trauma, as well as trauma in humans, is provided.

EXTRACT FROM ARTICLE
Glutamine has been reported to support the potential of Lymphokine-activated killer cells (LAK cells) to kill target cells. These authors
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concluded that glutamine deficiency limited the number of activated cells generated in response to a stimulus.

From the initial observations made in Eric Newsholme’s laboratory in the 1980s, it has now become clear that many cells of the
immune system utilise glutamine at high rates. More recently, glutamine utilisation has been linked to functional activities of cells of
the immune system such as proliferation, antigen presentation, cytokine production, nitric ox ide production, superoxide production
and phagocytosis. Many of these functional parameters appear to be directly or indirectly dependent upon the intracellular supply

of NADPH. The initial pathway of glutamine metabolism, which is common to all cells of the immune system, can generate NADPH
from NADP1, thus providing a possible link between high rates of glutamine utilisation and the beneficial effect on the many diverse
functions of immune cells. Glutamine supple mentation of diet or parenteral nutrition has resulted in beneficial clinical outcomes. In the
future, it may be possible to manipulate glutamine metabolism in vivo.

Cruzat V, Macedo Rogero M, Noel Keane K, Curi R, Newsholme P. 2018. Glutamine: Metabolism and Immune Function, Supplementation
and Clinical Translation.
Nutrients. 10(11):1564

ABSTRACT

Glutamine is the most abundant and versatile amino acid in the body. In health and disease, the rate of glutamine consumption by
immune cells is similar or greater than glucose. For instance, in vitro and in vivo studies have determined that glutamine is an essential
nutrient for lymphocyte proliferation and cytokine production, macrophage phagocytic plus secretory activities, and neutrophil
bacterial killing. Glutamine release to the circulation and availability is mainly controlled by key metabolic organs, such as the gut,
liver, and skeletal muscles. During catabolic/hypercatabolic situations glutamine can become essential for metabolic function, but its
availability may be compromised due to the impairment of homeostasis in the inter-tissue metabolism of amino acids. For this reason,
glutamine is currently part of clinical nutrition supplementation protocols and/or recommended for immune suppressed individuals.
However, in a wide range of catabolic/hypercatabolic situations (e.g., ill/critically ill, post-trauma, sepsis, exhausted athletes), it is
currently difficult to determine whether glutamine supplementation (oral/enteral or parenteral) should be recommended based on
the amino acid plasma/bloodstream concentration (also known as glutaminemia). Although the beneficial immune-based effects

of glutamine supplementation are already established, many questions and evidence for positive in vivo outcomes still remain to

be presented. Therefore, this paper provides an integrated review of how glutamine metabolism in key organs is important to cells

of the immune system. We also discuss glutamine metabolism and action, and important issues related to the effects of glutamine
supplementation in catabolic situations.

Karlsson H, Nava S, M. Remberger, Hassan Z, Hassan M, O. Ringden. 2009. N-acetyl-L-Cysteine Promotes T Cell Mediated Immunity In
Allogeneic Settings IN VIVO And IN VITRO.
Biology of Blood and Marrow Transplantation. 15(2):127-127.

ABSTRACT

N-acetyl-L-cysteine (NAC) is a thiol antioxidant which stimulates glutathione synthesis in cells. Several studies indicate that NAC exerts
effects on the immune system in vitro, although with conflicting results. Whereas some studies indicate that NAC has an inhibitory
effect on T cell proliferation and activation of NF- B, others suggest an activating effect. The ability of NAC to protect cells against
oxidative stress by inducing glutathione has provided a rationale for using it to prevent veno-occlusive disease of the liver and liver
toxicity after allogeneic stem cell transplantation (ASCT). Unfortunately, a prospective randomised study failed to show a positive
effect of NAC on hepatotoxicity in ASCT patients. However, we observed that patients who received NAC as a therapy to treat liver
toxicity (n = 73) had an increased prevalence of acute GvHD compared to patients who had been randomised to not receive NAC (n =
87) (P = 0.04), indicating that NAC has an immunostimulatory effect in vivo. Importantly, the NAC-treated group only had an increased
risk of grade Il acute GvHD (30%) compared to the control group (10%), whereas severe acute GvHD grades IlI-1V in the groups were
8% Vs 14%, respectively. These observations prompted us to thoroughly study the effect of NAC on T cell mediated immunity in vitro.
We have found that low levels of NAC (0.4-3.2 mM) potentiate T cell proliferation and upregulation of activation markers in response
to alloantigens, whereas high concentrations (12.5-50 mM) are highly suppressive, which might explain the previously published
conflicting data. Furthermore, T cells that have been stimulated in the presence of high concentrations of NAC (25 mM) in a primary
mixed lymphocyte reaction (MLR) respond more vigorously when restimulated in a secondary MLR without NAC, compared to control
secondary MLR which had been cultured without NAC during both stimulations. Preliminary data indicate that this observation partly
can be explained by that NAC render T cells less apoptotic, and that T cells respond robustly when NAC has been metabolized. To
summarise, we have found that NAC has an immunostimulatory effect on T cells under certain conditions, both in vitro and in vivo.
These observations might be of clinical importance, as NAC potentially could be used as a therapeutic agent to promote T cell
mediated immunity in immunocompromised ASCT patients with relapse of the underlying malignant disease.

Tieu S, Charchoglyan A, Paulsen L, Wagter-Lesperance LC, et al. 2023. N-Acetylcysteine and Its Immunomodulatory Properties in
Humans and Domesticated Animals.
Antioxidants (Basel). 2023 Oct 16;12(10):1867. doi: 10.3390/antiox12101867

ABSTRACT

N-acetylcysteine (NAC), an acetylated derivative of the amino acid L-cysteine, has been widely used as a mucolytic agent and antidote
for acetaminophen overdose since the 1960s and the 1980s, respectively. NAC possesses antioxidant, cytoprotective, anti-inflammatory,
antimicrobial, and mucolytic properties, making it a promising therapeutic agent for a wide range of diseases in both humans and
Domesticated animals. Oxidative stress and inflammation play a major role in the onset and progression of all these diseases. NAC’s
primary role is to replenish glutathione (GSH) stores, the master antioxidant in all tissues; however, it can also reduce levels of pro-
inflammatory tumour necrosis factor-alpha (TNF-) and interleukins (IL-6 and IL-1), inhibit the formation of microbial biofilms and
destroy biofilms, and break down disulfide bonds between mucin molecules. Many experimental studies have been conducted on the
use of NAC to address a wide range of pathological conditions; however, its effectiveness in clinical trials remains limited and studies
often have conflicting results. The purpose of this review is to provide a concise overview of promising NAC usages for the treatment of
different human and domestic animal disorders

EXTRACT FROM ARTICLE
NAC’s antioxidant and cytoprotective properties make it a promising therapeutic agent for a wide range of conditions in which

108 | VETSBRANDS SCIENTIFIC REFERENCE BOOK 2026



THERACEUTICALS

oxidative stress plays a major role in the onset and progression of the disease. Numerous studies have been conducted on the use
of NAC for treating human pathological conditions, ranging from pulmonary and metabolic diseases, and infectious pathogens such
as SARS-CoV2. NAC has also been proven beneficial in treating and alleviating ailments of Domesticated animals; especially porcine
disorders associated with weaning.

NAC’s mucolytic, antioxidant, antimicrobial, and anti-inflammatory properties should prove useful in treating and attenuating the
negative impacts associated with respiratory disease and other inflammatory conditions encountered in both human and veterinary
medicine.

Pre- and pro biotics
Enterococcus Faecium, Mannanoligosaccharides & Fructooligosaccharides

Liu Y, Wang J, Wu C. 2022. Modulation of Gut Microbiota and Immune System by Probiotics, Pre-biotics, and Post-biotics.
Frontiers in Nutrition. 8. doi:https://doi.org/10.3389/fnut.2021.634897

ABSTRACT

The human gastrointestinal tract harbours a complex microbial community, which interacts with the mucosal immune system closely.
Gut microbiota plays a significant role in maintaining host health, which could supply various nutrients, regulate energy balance,
modulate the immune response, and defence against pathogens. Therefore, maintaining a favourable equilibrium of gut microbiota
through modulating bacteria composition, diversity, and their activity is beneficial to host health. Several studies have shown that
probiotics and pre-biotics could directly and indirectly regulate microbiota and immune response. In addition, post-biotics, such as the
bioactive metabolites, produced by gut microbiota, and/or cell-wall components released by probiotics, also have been shown to nhibit
pathogen growth, maintain microbiota balance, and regulate an immune response.

This review summarises the studies concerning the impact of probiotics, pre-biotics, and post-biotics on gut microbiota and immune
systems and also describes the underlying mechanisms of beneficial effects of these substances. Finally, the future and challenges of
probiotics, pre-biotics, and post-biotics are proposed.

EXTRACT FROM ARTICLE
Pre-biotics, probiotics, and post-biotics are able to improve intestinal microbiota homeostasis, maintain gut barrier integrity, and
modulate immune response. The approach mechanisms include

. Competing for colonisation sites and nutrients
. Inhibiting growth through production of SCFA and bacteriocins
. Improving gut barrier integrity through stimulating the production of mucin glycoproteins

. Providing energy for epithelium, improving villi growth, crypt development, tight junctions, and mucin production.

Pattern recognition receptors, such as toll-like receptors (TLR), which are expressed on immune cells, could be recognised by
probiotics, after which probiotics could regulate important signalling pathways, producing nuclear factor kb (NF kb) and mitogen-
activated protein kinases, and communicate with the host. In addition, the innate immune response could be activated, resulting in the
production of pro- and anti-inflammatory cytokines or chemokines.

The protective effects of pre-biotics on intestinal epithelium have been confirmed, and host immunity can be enhanced by improving
the integrity of intestinal epithelium.

Shokryazdan P, Faseleh Jahromi M, Navidshad B, Liang JB. 2017. Effects of prebiotics on immune system and cytokine expression.
Medical Microbiology and Immunology. 206(1):1-9

ABSTRACT

Nowadays, use of prebiotics as feed and food additives has received increasing interest because of the beneficial effects of prebiotics
on the health of animals and humans. One of the beneficial effects of prebiotics is stimulation of immune system, which can be direct
or indirect through increasing population of beneficial microbes or probiotics, especially lactic acid bacteria and bifidobacteria, in the
gut. An important mechanism of action of probiotics and prebiotics, by which they can affect the immune system, is changing the
expression of cytokines. The present review tried to summarise the findings of studies that investigated the effects of prebiotics on
immune system with focusing on their effects on cytokine expression. Generally, most of reviewed studies indicated beneficial effects
for prebiotics in terms of improving immune system, by increasing the expression of anti-inflammatory cytokines, while reducing

the expressions of pro-inflammatory cytokines. However, most of studies mainly considered the indirect effects of prebiotics on the
immune system (through changing the composition and population of gut microbiota), and their direct effects still need to be further
studied using prebiotics with different degree of polymerization in different hosts.

Omega-3 Fatty Acids (DHA & EPA)

Gutiérrez S, Svahn SL, Johansson ME. Effects of Omega-3 Fatty Acids on Immune Cells.
Int J Mol Sci. 2019 Oct 11;20(20):5028.

ABSTRACT

Alterations on the immune system caused by omega-3 fatty acids have been described for 30 years. This family of polyunsaturated
fatty acids exerts major alterations on the activation of cells from both the innate and the adaptive immune system, although the
mechanisms for such regulation are diverse. First, as a constitutive part of the cellular membrane, omega-3 fatty acids can regulate
cellular membrane properties, such as membrane fluidity or complex assembly in lipidrafts. In recent years, however, a new role for
omega-3 fatty acids and their derivatives as signalling molecules has emerged. In this review, we describe the latest findings describing
the effects of omega-3 fatty acids on different cells from the immune system and their possible molecular mechanisms.

EXTRACT FROM ARTICLE

A healthy and balanced diet is essential for the correct function of every part of our organism,including the immune system.
Additionally, some dietary factors have been found to have immune-regulatory properties, including micronutrients such as Vitamin
D or macronutrients such as fatty acids (3). The impact of dietary polyunsaturated fatty acids (PUFAs) on the immune system has
been investigated for decades, with special focus on the omega-3 PUFAs -linolenic acid (ALA), eicosapentaenoic acid (EPA), and
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docosahexaenoic acid (DHA).

The impact of omega-3 fatty acids on macrophage function has extensively been investigated since the 1980s. Since then, there are
three main properties of macrophage biology that have been identified to be altered by omega-3 fatty acids: the production and
secretion of cytokines and chemokines, the capacity of phagocytosis, and the polarization into classically activated or alternatively
activated macrophages

Omega-3 fatty acids have been shown to be incorporated into phospholipids in the cell membrane of neutrophils at the expense of the
omega-6 fatty acids linoleic and arachidonic acid. Once the omega-3 fatty acids have been incorporated into the phospholipids, they
can be metabolized by neutrophils into prostaglandins, leukotrienes, thromboxanes, maresins, protectins, and resolvins. Omega-3 fatty
acids, and their metabolites, modulate neutrophil function in several ways, including neutrophil migration, phagocytic capacity, as well
as the production of reactive oxygen species and cytokines.

Evidence from multiple studies in vitro and in animal models concurs on a general suppressive effect of dietary omega-3 on T cell
function. In fact, omega-3 fatty acid supplementation has been shown to have beneficial effects in several T-mediated diseases such as
autoimmune hepatitis and asthma. However, the modulatory effect of omega-3 fatty acids differs for each phenotypic subgroup of T
cells.

Omega-3 fatty acids decrease IgE-mediated activation of mast cells in several animal models and in human cells. The dampening effect

of omega-3 fatty acids on mast cell activation has been employed to decrease the severity of mast cell-associated diseases such as
allergy or atopic dermatitis. However, fish oil supplementation in asthmatic patients failed to ameliorate their symptoms.
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LENSFOCUS POWDER

Dear Veterinarian

LensFocus is currently the only evidence-based Theraceutical combination product that has been developed as a nutritional aid in the
prevention and management of diabetic cataracts in canine.

LensFocus contains science-based dosages of Alpha-lipoic acid, Lutein 1T and Zeaxanthin

It is recommended that canine diagnosed with diabetes mellitus be placed on LensFocus immediately after being diagnosed. Canine
diabetes mellitus frequently results in cataract formation, with canine exhibiting a distinct predisposition to develop diabetic cataracts
compared to other species. Studies indicate that 50% of canine diabetic patients exhibit cataract formation within 1770 days of
diagnosis, with that figure rising to 80% by day 470.1

In diabetic patients, the aqueous humor concentration of glucose increases leading to increased glucose in the lens. However, when
glucose in the lens reaches a concentration where the enzyme hexokinase is saturated, aldose reductase can convert the excess glucose
into sorbitol which has a higher osmotic potential than glucose. This osmotic gradient draws water into the lens, resulting in the rapid
development of cataracts. Therefore, the development of a diabetic cataract depends largely on the activity of aldose reductase in
lenticular cells. Alpha-lipoic acid acts as both a potent antioxidant as well as an aldose reductase inhibitor possibly preventing the rapid
accumulation of sorbitol in the lens.

The continuous exposure of the lens to light is compounded by oxygen immersion. Oxygen’s reduction to water necessarily proceeds
through the intermediary superoxide radical, O2 Thus, the initially benign O, molecule transforms into a highly reactive free radical.
Research utilising laboratory rodent models has demonstrated that heightened oxidative stress associated with increased reactive
oxygen species (ROS) accelerates cataract formation.

As with all other VetsBrands products LensFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Alpha-lipoic acid

Williams D. 2017. Effect of Oral Alpha-lipoic acid in Preventing the Genesis of Canine Diabetic Cataract: A Preliminary Study.
Veterinary Sciences. 4(4):18. Doi:https://doi.org/10.3390/vetsci4010018.

ABSTRACT

Blinding cataract is a significant effect of canine diabetes with 75% of animals affected two years after diagnosis. Lens opacification
occurs primarily through the generation of sorbitol, a sugar alcohol, through the action of aldose reductase (AR). The osmotic
effect of sorbitol draws water into the lens, causing opacification. Inhibition of AR should thus prevent the generation of cataracts.
A topical AR inhibitor has been shown to have this effect, as has the commercially available neutraceutical OcuGLO, containing the
AR inhibitor Alpha-lipoic acid (ALA) together with other plant-based antioxidants. Here a comparison is made between the number
of diabetic canine developing cataracts when given oral ALA alone and those given a mix containing ascorbic acid and tocopherol.
Animals given ALA developed significantly fewer lens opacities than those given conventional antioxidants. Cataracts which formed
occurred at a significantly greater duration after the commencement of treatment than those on the antioxidant mix. Although

this is a small study conducted over a short period, the significant benefit of ALA in diabetic canine is a reason to evaluate these
effects in larger trials. As AR is involved in diabetic retinopathy and neuropathy, this enzyme inhibitor may be worthy of evaluation in
preventing these conditions in human diabetics also.

Lutein & Zeaxanthin

Williams DL. Oxidation, antioxidants and cataract formation: a literature review.
Veterinary Ophthalmology. 2006; 9 (5): 292-298

ABSTRACT

Purpose: This review aims to provide a literature survey of the association between photo-oxidation of lens proteins and lipid
peroxidation with the genesis of age-related cataract in laboratory studies using rodent models, in epidemiological and interventional
studies in humans.

Materials and methods: A Medline search using initial search terms lens, oxidation, antioxidant, and diet was employed to search for
research papers covering the areas noted above from 1995 to 2005. Literature cited in those papers was also reviewed to provide as
comprehensive a coverage of research work as possible.

Results: Lens protein photo-oxidation and lipid peroxidation are widely acknowledged as important steps in age-related
cataractogenesis. Dietary antioxidants are central in retarding cataractogenesis, although most evidence for this is gained from
laboratory-based work on relatively unphysiologic rodent cataract models, using antioxidant regimes that could not be sustained in
clinical practice. Most research in humans is retrospective epidemiology although some interventional research has been undertaken,
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with mixed results.

Conclusions: Dietary antioxidants are likely to be important in retarding cataractogenesis in older animals and in humans. Work on
companion animals could provide a valuable stepping stone between rodent-based laboratory work and human interventional studies.

Ma L, Lin X-M. 2010. Effects of lutein and zeaxanthin on aspects of eye health.
Journal of the Science of Food and Agriculture. 90(1):2-12.

ABSTRACT

Lutein and zeaxanthin are members of the oxygenated carotenoids found particularly in egg yolks and dark-green leafy vegetables.
A great deal of research has focused on their beneficial roles in eye health. The present article summarises the current literature
related to the bioactivity of these carotenoids, emphasising their effects and possible mechanisms of action in relation to human
eye health. Available evidence demonstrates that lutein and zeaxanthin are widely distributed in a number of body tissues and

are uniquely concentrated in the retina and lens, indicating that each has a possible specific function in these two vital ocular
tissues. Most of epidemiological studies and clinical trials support the notion that lutein and zeaxanthin have a potential role in
the prevention and treatment of certain eye diseases such as age-related macular degeneration, cataract and retinitis pigmentosa.
The biological mechanisms for the protective effects of these carotenoids may include powerful blue-light filtering activities and
antioxidant properties. Although most studies point towards significant health benefits from lutein and zeaxanthin, further large-
scale randomised supplementation trials are needed to define their effects on ocular function in health and disease.

Other Scientific References

1 Beam, Correa, Davidson. 1999. A retrospective-cohort study on the development of cataracts in canine with diabetes mellitus: 200
cases. Veterinary Ophthalmology. 2(3):169-172.

2 Kinoshito, J.H.1969. Pathways of glucose metabolism in the lens. Investig. Ophthalmol.

Vis. Sci. 1965, 4, 619-628.
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LIPIDFOCUS

Dear Veterinarian

LipidFocus is formulated as a nutritional aid in the management of canine hyperlipidemia and associated conditions. It provides
comprehensive support for lipid metabolism. LipidFocus is indicated for use in canine with primary or secondary hyperlipidemia
LipidFocus is an advanced nutritional supplement developed to help lower elevated lipid levels and support healthy lipid metabolism in
canine. Its specialized formulation features a synergistic blend of key actives, including high-quality Krill powder (rich in Omega-3 fatty
acids), Niacin (Vitamin B3), soluble fiber from Psyllium Husk, L-Carnitine to enhance fat utilisation, and the powerful antioxidant and
metabolic cofactor Co-enzyme Q10.

The synergistic action of these ingredients aims to address multiple aspects of lipid metabolism, supporting healthy cholesterol and
triglyceride levels. The inclusion of Psyllium Husk provides beneficial soluble fiber that can aid in the binding and excretion of fats in the
digestive system. L-Carnitine plays a crucial role in the transport of fatty acids into the mitochondria for energy production.

LipidFocus is provided as an easy-to-administer powder, with a recommended dose of 1 gram per 2 kg of body weight, making it
convenient for pet owners to incorporate into their canine daily routine.

As with all other VetsBrands products LipidFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Canine hyperlipidaemia

Xenoulis PG, Steiner JM. 2015. Canine hyperlipidaemia.
J. Small Anim. Pract.; 56: 595-605.

ABSTRACT

Hyperlipidaemia refers to an increased concentration of lipids in the blood. Hyperlipidaemia is common in canine and has

recently emerged as an important clinical condition that requires a systematic diagnostic approach and appropriate treatment.
Hyperlipidaemia can be either primary or second ary to other diseases. Secondary hyperlipidaemia is the most common form in
canine, and it can be a result of endocrine disorders, pancreatitis, cholestasis, protein-losing nephropathy, obesity, as well as other
conditions and the use of certain drugs. Primary hyperlipidaemia is less common in the general canine population but it can be very
common within certain breeds. Hypertriglyceridaemia of Miniature Schnauzers is the most common form of primary hyperlipidaemia
in canine but other breeds are also affected. Possible complications of hyperlipidaemia in canine include pancreatitis, liver disease,
athero sclerosis, ocular disease and seizures. Management of primary hyperlipidaemia in canine is achieved by administration of ultra
low-fat diets with or without the administration of lipid lowering drugs such as omega-3 fatty acids, fibrates, niacin and statins.

Omega 3 fatty acids (EPA & DHA)

Xenoulis PG, Steiner JM. 2015. Canine hyperlipidaemia.
J. Small Anim. Pract.; 56: 595-605.

Extracts from article

Omega-3 fatty acids (fish oils) Polyunsaturated fatty acids of the n-3 series (omega-3 fatty acids; eicosapentanoic acid (EPA), and
docosahexaenoic acid (DHA)) are abundant in marine fish. Omega-3 fatty acid supplementation has been shown to lower serum
triglyceride concentrations in experimental animals, normal humans and humans with primary hypertriglyceridaemia. Specifically,
omega-3 fatty acids have been shown to reduce serum triglyceride concentrations by up to 50% when used at high doses in humans
with hypertriglyceridaemia. The mechanisms of the lipid-lowering action of omega-3 fatty acids are complex and include regulation of
several transcription factors that lead to reduced lipogenesis, increased -oxidation and activation of lipoprotein lipase.

In a study of healthy canine, fish-oil supplementation led to a significant reduction of serum triglyceride concentrations, suggesting that
this supplement may be helpful in the treatment of canine hypertriglyceridaemia. No major side effects have been observed in humans
or in canine receiving omega-3 fatty acids. However, studies evaluating the efficacy and safety of omega-3 fatty acid supplementation
in canine with hyperlipidaemia are lacking. A “fishy” odour is often noted in canine receiving high doses of omega-3 fatty acids and

it might be unacceptable for some owners. Because serious side effects are rarely reported and because omega-3 fatty acids are

likely effective in lowering serum tri glyceride concentrations, fish oils could be tried as a second-line therapy in canine with primary
hypertriglyceridaemia that do not respond to a low-fat diet alone.

Omega-3 fatty acids are used in canine at doses ranging from 200 to 300 mg/kg (total dose), orally, once a day, and their effect
on serum triglyceride concentrations is dose-dependent. Their lipid lowering effect typically requires doses at the high end of the
recommended dose for canine.

Xenoulis PG, Steiner JM. 2010. Lipid metabolism and hyperlipidemia in canine.
The Veterinary Journal. 183(1):12-21

ABSTRACT
Lipid metabolism in canine can be divided into exogenous and encanineenous pathways and exhibits some unique characteristics
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compared to other species. Hyperlipidemia is common in canine, and can be either primary or secondary to other diseases.
Secondary hyperlipidemia is the most common form and can be a result of endocrine disorders, pancreatitis, cholestasis, protein-
losing nephropathy, obesity, and high fat diets. Primary hyperlipidemia is less common and usually associated with certain breeds.
Hypertriglyceridemia of Miniature Schnauzers is the most common type of primary hyperlipidemia in canine in the United States,

and appears to have a genetic basis although its etiology remains unknown. Possible complications of canine hyperlipidemia include
pancreatitis, liver disease, atherosclerosis, ocular disease, and seizures. Management is achieved by administration of low fat diets with
or without the administration of lipid-lowering agents such as omega-3 fatty acids, gemfibrozil, and niacin.

de Albuguerque P, De Marco V, Vendramini THA, Amaral AR, Catanozi S, Santana KG, Nunes VS, Nakandakare ER, Brunetto MA. 2021.
Supplementation of omega-3 and dietary factors can influence the cholesterolemia and triglyceridemia in hyperlipidemic Schnauzer
canine: A preliminary report.
PLOS ONE. 16(10):e0258058.

ABSTRACT

Primary hyperlipidaemia in Schnauzer is characterized by increased plasma triglycerides (TG) and/or total cholesterol (TC)
concentration and is associated with an increased risk of developing pancreatitis, insulin resistance and seizures. In humans, omega-3
fatty acids in addition to a low-fat diet can be used to reduce TG and TC. This study evaluated the thera peutic efficacy of omega-3
fatty acids associated to a diet management with two different fat content in Schnauzer with primary hyperlipidaemia. Eighteen canine
with primary hyperlipi daemiaweredivided into two groups: group 1, n = 10, 8females, 2 males, age (mean 3stan dard deviation) of 713
3 2.70 years and body weight (BW) (mean 3 standard deviation) of 7.25 3 1.22 kgweretreated with fish oil (approximately 730 mg/

day of omega-3) associated with a low-fat and low-calorie diet (approximately 24g of fat/1000 kcal) for 90 days (T90); andgroup

2, n=8canine,6females, 2males,with 7.0 31.77 years old and average BWof 8.36 3 1.51 kg, treated with fish oil (approximately 730 mg/
day of omega-3) and mainte nance diet with moderate amount of fat (approximately 33g of fat/1000 kcal) for 90 days. Plasma
TGandTCconcentrations and lipoprotein (LP) profile (VLDL, LDL, HDL) were eval uated before and after treatment. TG and TC serum
concentrations, expressed in mg/dL (mean 3standard deviation), before and after treatment in group 1 were: TG = 391.30 3 487.86 (TO)
and 118.7 3135.21 (T90); TC =308.2 363.06 (TO)and 139 336.91(T90). As for group 2, TG =391.63 3336.89 (TO)and 250.75 3211.56 (T90);
TC=257.25 392.88 (TO) and 207.25 363.79 (T90).

Niacin (nicotinic acid)

Xenoulis PG, Steiner JM. 2015. Canine hyperlipidaemia.
J. Small Anim. Pract.; 56: 595-605.

Extract from article

Niacin is a form of vitamin B3 that has been used successfully for the treatment of hyperlipidaemia in humans for many years.

The mechanism of action of niacin is complex and incompletely understood but includes inhibition of hormone-sensitive lipase activity
and the enzyme diacylglycerol acyltransferase, both of which actions eventually lead to reduced triglyceride biosynthesis. In canine,
niacin treatment has been reported in very few patients with primary hypertriglyceridaemia. In these patients, niacin reduced serum
triglyceride concentrations for several months without causing any side effects.

As is often the case in humans, niacin administration in canine is potentially associated with side effects such as erythema and pruritus,
which may require discontinuation of therapy. Long-term risk for myotoxic ity and hepatotoxicity may also exist.

Niacin is usually administered to canine at a dose of 50 to 200 mg/day.

Psyllium Husk

Psyllium husk, a soluble fiber, forms a viscous gel in the digestive tract that can interfere with cholesterol absorption and promote bile
acid excretion, potentially leading to lower cholesterol levels.

Moreyra AE. 2005. Effect of Combining Psyllium Fiber With Simvastatin in Lowering Cholesterol.
Archives of Internal Medicine. 165(10):1161.

ABSTRACT

Background Soluble fiber supplements are recommended to reduce levels of low-density lipoprotein cholesterol (LDL-C). We
evaluated the LDL-C-lowering effect of psyllium husk added to low-dose simvastatin therapy.

Methods In a 12-week blinded placebo-controlled study, patients were randomised to receive 20 mg of simvastatin plus placebo, 10 mg
of simvastatin plus placebo, or 10 mg of simvastatin plus 15 g of psyllium (Metamucil) daily. Levels of total cholesterol, LDL-C, high-
density lipoprotein cholesterol, triglycerides, and apolipoprotein B were determined after 4 and 8 weeks of treatment.

Results The study group comprised 68 patients. All treatments were well tolerated, and after 8 weeks the mean LDL-C levels in the
group receiving 10 mg of simvastatin plus placebo fell by 55 mg/dL (1.42 mmol/L) from baseline, compared with 63 mg/dL (1.63
mmol/L) in the group receiving 10 mg of simvastatin plus psyllium (P = .03). The mean lowering of LDL-C in the group receiving 20 mg
of simvastatin plus placebo was the same as that in the group receiving 10 mg of simvastatin plus psyllium. Similar results were seen for
apolipoprotein B and total cholesterol. No significant changes from baseline triglyceride or high-density lipoprotein cholesterol levels
occurred.

Conclusions Dietary psyllium supplementation in patients taking 10 mg of simvastatin is as effective in lowering cholesterol as 20 mg
of simvastatin alone. Psyllium soluble fiber should be considered as a safe and well-tolerated dietary supplement option to enhance
LDL-C and apolipoprotein B lowering.

Extract from article

Psyllium is a natural hydrophilic fiber with hypocholesterolemic effects that is safe and well tolerated when used as an adjunct to a low-
fat diet. Although by itself it produces a modest (5%-6%) effect in lowering LDL-C, consistent results in clinical trials and meta-analyses
have encouraged physicians to recommend its use in combination with dietary interventions. The mechanism of cholesterol lowering by
psyllium is believed to lie in the ability to modify the enterohepatic circulation of bile acids, increasing bile acid synthesis and diverting
hepatic cholesterol to bile acid production. This is in line with the additive effect observed when combined with statin therapy, which
inhibits cholesterol synthesis directly in the liver through 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibition.
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McCall MR, Mehta T, Leathers CW, Foster DM. 1992. Psyllium husk I: effect on plasma lipoproteins, cholesterol metabolism, and
atherosclerosis in African green monkeys.
TheAmerican journal of clinical nutrition. 56(2):376-384

ABSTRACT

Psyllium’s effects on plasma and lipoprotein cholesterol concentrations, cholesterol metabolism, and diet-induced atherosclerosis
were studied in adult male African green monkeys (Cercopithecus aethiops). Animals were fed for 3.5 y one of three experimental
diets: low-cholesterol cellulose (LCC), high-cholesterol cellulose (HCC), or high-cholesterol psyllium (HCP). The LCC and HCP groups
had significantly (P < 0.05) lower plasma cholesterol concentrations (39% lower) at 1 mo than did the HCC group. These responses
persisted throughout the study. Plasma cholesterol changes were due to a reduction in intermediate-density and low-density
lipoproteins; very-low and high-density-lipoprotein concentrations were similar among groups. Aortic atherosclerosis, evaluated as
percent sudanophilia at 3.5 y, was lowest in the LCC group, intermediate in the HCP group, and highest in the HCC group. Cholesterol
absorption, neutral steroid and fat excretion, HMGCoA reductase activity (in intestine and liver), and body weight were unrelated to
psyllium’s hypocholesterolemic effects.

L-carnitine facilitates the transport of long-chain fatty acids into the mitochondria, where they are oxidized (burned) for energy. By

promoting the efficient oxidation of fats, L-carnitine can help reduce the accumulation of fatty acids in the bloodstream and tissues,
helping lower lipid levels. L-carnitine aids in fatty acid beta-oxidation, a process that breaks down fatty acids to produce energy.

Brescia F, Balestra E, lasella MG, Damato AB. 2002. Effects of Combined Treatment with Simvastatin and L-Carnitine on Triglyceride
Levels in Diabetic Patients with Hyperlipidaemia.
Clinical Drug Investigation. 22(Supplement 1):23-28.

ABSTRACT
Objective: To investigate the effects of L-carnitine, co administered with simvastatin, on hypercholesterolaemia and
hypertriglyceridemia in patients with diabetes.

Design: Randomised, open, parallel-group study.

Setting: One investigational centre (hospital). Patients: Thirty-two patients with type 2 diabetes mellitus and hyperlipidaemia (total
cholesterol levels > 200 mg/dl and triglyceride levels >150 mg/dl).

Main outcome measures and results: Plasma levels of triglycerides, total cholesterol and high-density lipoprotein (HDL) cholesterol
were measured at base line and at 30 and 60 days after starting treatment. In both groups, there was a progressive improvement in
all measured parameters during the study period. However, triglyceride levels decreased to a significantly greater extent in patients
co-treated with L-carnitine (from 266.8 mg/dl at baseline to 153.8 mg/dl at 60 days) compared with those receiving simvastatin alone
(from 300.2 to 227.8 mg/dl, respectively; p = 0.012 vs combined treatment). HDL-cholesterol levels increased from 49.8 mg/dl| at
baseline to 51.8 mg/dl at 60 days in the combined treatment group, and decreased from 51.2 to 47.8 mg/dl, respectively in simvastatin
recipients, with a trend in favour of the combined treatment (p = 0.076), while no significant differences between groups were
observed for total cholesterol levels.

Conclusions: Combined treatment with L-carnitine and simvastatin resulted in greater anti hyperlipidaemic effects (i.e. a less
atherogenic plasma lipid profile) than with simvastatin alone. The results of this preliminary study strongly suggest that L-carnitine may
have a role among anti hyperlipidaemic strategies.

Musazadeh V, Alinejad H, Esfahani NK, Kavyani Z, Keramati M, Roshanravan N, Mosharkesh E, Dehghan P. The effect of L-carnitine
supplementation on lipid profile in adults: an umbrella meta-analysis on interventional meta-analyses.
Front Nutr. 2023 Sep 4;10:1214734

ABSTACT

Introduction: Previous meta-analyses investigating the therapeutic effects of L-carnitine on lipid profiles have demonstrated
inconsistent results. The present umbrella meta-analysis aimed to investigate the impact of efficacy of L-carnitine on lipid profiles in
adults.

Conclusion: The present umbrella meta-analysis suggests supplementation with L-carnitine in a dosage of more than 2g/day can
improve lipid profile. Thus, L-carnitine supplementation can be recommended as an adjuvant anti hyperlipidemic agent

Extract from article

L-carnitine is necessary for importing long-chain fatty acids (LCFA) into the mitochondrial matrix for beta-oxidation (13) and depleting
the acyl groups out of the mitochondria in all tissues (14). Furthermore, L-carnitine can improve adipokines concentrations (15) and
decrease the repletion of detrimental metabolites generated in coronary embolism and thrombosis (16-18). Overall, these mechanisms
may be improved lipid profile and prevent related diseases.

Coenzyme Q10

Al-Attar. 2010. Hypolipidemic Effects of Coenzyme Q10 in Experimentally Induced Hypercholesterolemic Model in Female Rats.
American Journal of Pharmacology and Toxicology. 5(1):14-23.

ABSTRACT
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Problem statement: Hyperlipidemia is well known to play a main role in the development of atherosclerosis. It is characterized by
abnormally elevated cholesterol, triglyceride, low density lipoprotein cholesterol and very low density lipoprotein cholesterol levels
in the blood. It has been recognized for many years that hypercholesterolemia is a major risk factor for cardiovascular diseases such
as atherosclerosis, myocardial infraction, heart attacks and cerebrovascular diseases. In recent years, Coenzyme Q10 has gained
considerable attention as a dietary supplement capable of influencing cellular bioenergetics and as a supplementary treatment for
some chronic diseases.

Approach: The present study was undertaken to evaluate whether Coenzyme Q10 supplementation would alter high cholesterol diet
induced hypercholesterolemic model in female rats. Sixty female albino rats of the Wistar strain weighing between 34.3 and 42.1 g were
used. The experimental animals were divided into six groups. Rats of group 1served as controls, fed with standard diet and had free
access to water for three months. Rats of group 2 were daily supplemented with T mL of corn oil containing 10 mg of cholesterol/rat
for two months. Animals of group 3 were daily supplemented with 1 mL of corn oil containing 10 mg of cholesterol/rat for two months
and daily supplemented with 1 mg Coenzyme Q10/rat at third month. Rats of group 4 were daily supplemented with 1 mL of corn oil
/rat for two months. The experimental rats of group 5 were daily supplemented with 1 mL of corn oil /rat for two months and daily
supplemented with 1 mg Coenzyme Q10/rat at third month. Rats of group 6 were supplemented with 1 mg Coenzyme Q10/rat at third
month. The body weight percentage changes were determined after second and third months in all experimental groups.

Results: After 2 months, the maximum changes of body weight were noted in groups treated with high cholesterol diet and corn

oil. After three months, the maximum percentage changes were observed in groups two and four and the minimum changes were
noted in sixth group supplemented with only Coenzyme Q10 at last period. Serum triglycerides, cholesterol, High Density Lipoprotein
Cholesterol (HDL-C), Low Density Lipoprotein Cholesterol (LDL-C), Very Low Density Lipoprotein Cholesterol (VLDL-C), Atehrogenic
Index (Al) and HDL Cholesterol (HDL-C) ratio were assessed at the end of experimental period. Significant increases in the levels of
triglycerides, cholesterol, LDL-C VLDL-C were noted in rats supplemented with high cholesterol diet, while the level of HDL-C was
significantly reduced. Similar observations were noted in rats treated with high cholesterol diet plus Coenzyme Q10. Statistically, the
treatment of Coenzyme Q10 in rats subjected to high cholesterol diet showed a decrease in the change levels of these parameters.
Also, the Atehrogenic Index (Al) value was significantly elevated in rats supplemented with high cholesterol diet compared with
control value. Administration of Coenzyme Q10 for a period of one month to rats supplemented with high cholesterol diet significantly
decreased the percentage change of the Atehrogenic Index (IA) value. HDL-C ratio value was significantly decreased in rats
supplemented with high cholesterol diet compared with control value. Treatment with Coenzyme Q10 for a period of last month
significantly decreased the percentage change of the HDL-C ratio value in rats fed with high cholesterol diet.

Conclusion: The present results suggested that Coenzyme Q10 possesses hypolipidemic effects in rats supplemented with high
cholesterol diet. Thus, use of Coenzyme Q10 may be useful in the treatment of cardiovascular diseases in which atherosclerosis plays a
major role.

Statins

Statins, as well as fibrates such as bezafibrate and gemfibrozil, are classified as pharmaceutical lipid-lowering agents. While they are
primarily indicated for the reduction of cholesterol levels, they are not suitable for all cases of hyperlipidemia. The incorporation of
pharmaceutical agents like gemfibrozil or bezafibrate into a nutritional supplement is not permitted under regulatory guidelines.

Concurrent administration of LipidFocus alongside bezafibrate is advised in instances where LipidFocus alone does not produce
sufficient therapeutic effect. Bezafibrate is available from VetScripts as oral, cross-scored tablets containing 200 mg of active
ingredient. The recommended dosage is 4-10 mg/kg administered once daily.

Xenoulis PG, Steiner JM. 2015. Canine hyperlipidaemia.
J. Small Anim. Pract.; 56: 595-605.

Extract from article

Statins (HMG-CoA reductase inhibitors) are among commonly used lipid-lowering drugs and constitute first-line therapy for the
treatment of hypercholesterolaemia in humans. They are reversible inhibitors of the enzyme HMG-CoA reductase, which is the rate-
limiting step for cholesterol biosynthesis. Therefore, statins are mainly cholesterol-lowering drugs (in humans they specifically lower
LDL-cholesterol) with less potent effects on triglyceride metabolism.

When collectively considering the potential side effects of statins, the fact that hypercholesterolaemia rarely needs to be treated medi

cally in canine, and that statins are unlikely to be very effective in the treatment of canine hypertriglyceridaemia, the routine use of
statins is not recommended in hyperlipidemic canine. In cases of persistent severe hypercholesterolaemia statins may be used.
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Vitamin B6 (PYridOXiNe)......ccccceveeveveeeereeeiereeeeeeseeeeeeeniens 2.59 and ocular surface repair.

Vitamin C (Ascorbic acid)....cceiieeiieeeeseeseeens 509

Co-Enzyme Q10 (UbiquinoNe).....ccccceeveveveereceeeeeeeee e 109

Zinc (as amino-acid chelate)......ocevceeccececcecceeceed 59

PACKAGING

e 2509

VetsBrands

Quality assured by Vets

119 | VETSBRANDS SCIENTIFIC REFERENCE BOOK 2026




THERACEUTICALS

OCUFOCUS

Dear Veterinarian

OcuFocus is currently the only evidence-based Veterinary Theraceutical combination product in South Africa that has been developed
as a nutritional aid in slowing down the progression of certain degenerative ocular conditions for example progressive retinal atrophy,
retinal degeneration secondary to glaucoma and cataracts. Oral treatment with Omega 3 fatty acids also increases the effectiveness of
topical tacrolimus in the treatment of keratoconjunctivitis sicca in canine.

OcuFocus contains science-based dosages of Alpha-lipoic acid, Lutein, Zeaxanthin, Astaxanthin, Omega 3 fatty acids (DHA & EPA),
Vitamin B3, Vitamin B6, Vitamin C, Vitamin E, Grapeseed extract, Green tea extract, Coenzyme Q10, and Zinc Oxide.

OcuFocus is rich in powerful antioxidants occurring naturally in the eye. Lutein and its stereoisomer, zeaxanthin, are xanthophyll
carotenoids abundant in egg yolks and dark-green leafy vegetables such as spinach and kale. Despite the fairly ubiquitous presence
throughout body tissues, they are the only carotenoids present in the lens and macular region of the retina in humans, suggesting these
compounds may play a protective role in these two vital ocular tissues.

It is available in an easy-to-dose and palatable powder formulation. Start of supplementation is recommended as early as possible in
the disease process and prophylactic in older canine > 7 years for the possible prevention of senile cataracts.

As with all other VetsBrands products OcuFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Alpha-lipoic acid

Williams D. 2017. Effect of Oral Alpha-lipoic acid in Preventing the Genesis of Canine Diabetic Cataract: A Preliminary Study.
Veterinary Sciences. 4(4):18. Doi:https://doi.org/10.3390/vetsci4010018.

ABSTRACT

Blinding cataract is a significant effect of canine diabetes with 75% of animals affected

two years after diagnosis. Lens opacification occurs primarily through the generation of sorbitol, a sugar alcohol, through the action
of aldose reductase (AR). The osmotic effect of sorbitol draws water into the lens, causing opacification. Inhibition of AR should thus
prevent the generation of cataracts.

A topical AR inhibitor has been shown to have this effect, as has the commercially available neutraceutical OcuGLO, containing the
AR inhibitor Alpha-lipoic acid (ALA) together with other plant-based antioxidants. Here a comparison is made between the number
of diabetic canine developing cataracts when given oral ALA alone and those given a mix containing ascorbic acid and tocopherol.
Animals given ALA developed significantly fewer lens opacities than those given conventional antioxidants. Cataracts which formed
occurred at a significantly greater duration after the commencement of treatment than those on the antioxidant mix. Although this is
a small study conducted over a short period, the significant benefit of ALA in diabetic canine is a reason to evaluate these effects in
larger trials. As AR is involved in diabetic retinopathy and neuropathy, this enzyme inhibitor may be worthy of evaluation in preventing
these conditions in human diabetics also.

Inman DM, Lambert WS, Calkins DJ, Horner PJ. 2013. -Lipoic Acid Antioxidant Treatment Limits Glaucoma-Related Retinal Ganglion
Cell Death and Dysfunction.
Ohlmann A, editor. PLoS ONE. 8(6):e65389. doi:https://doi.org/10.1371/journal.pone.0065389.

ABSTRACT

Oxidative stress has been implicatedin neurodegenerative diseases, including glaucoma. However, due to the lack of clinically relevant
models and expense of long-term testing, few studies have modeled antioxidant therapy for prevention of neurodegeneration. We
investigated the contribution of oxidative stress to the pathogenesis of glaucoma in the DBA/2J mouse model of glaucoma. Similar to
other neurodegenerative diseases, we observed lipid peroxidation and upregulation of oxidative stress-related mRNA and protein in
DBA/2J retina. To test the role of oxidative stress in disease progression, we chose to deliver the naturally occurring, antioxidant -lipoic
acid (ALA) to DBA/2J mice in their diet. We used two paradigms for ALA delivery: an intervention paradigm in which DBA/2J mice

at 6 months of age received ALA in order to intervene in glaucoma development, and a prevention paradigm in which DBA/2J mice
were raised on a diet supplemented with ALA, with the goal of preventing glaucoma development. At 10 and 12 months of age (after

4 and 11 months of dietary ALA respectively), we measured changes in genes and proteins related to oxidative stress, retinal ganglion
cell (RGC) number, axon transport, and axon number and integrity. Both ALA treatment paradigms showed increased antioxidant

gene and protein expression, increased protection of RGCs and improved retrograde transport compared to control. Measures of lipid
peroxidation, protein nitrosylation, and DNA oxidation in retina verified decreased oxidative stress in the prevention and intervention
paradigms. These data demonstrate the utility of dietary therapy for reducing oxidative stress and improving RGC survival in glaucoma.

Sun Y-D, Dong Y-D, Fan R, Zhai L-L, Bai Y-L, Jia L-H. 2012. Effect of (R)- -Lipoic Acid Supplementation on Serum Lipids and
Antioxidative Ability in Patients with Age-Related Macular Degeneration.
Annals of nutrition & metabolism. 60(4):293-297.

ABSTRACT
Background/Aims: Supplementation with antioxidants is of special interest in preventing or delaying the development and progression
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of age-related macular degeneration (AMD). This investigation aimed to assess the effect of - lipoic acid (LA) on serum lipids, serum
malondialdehyde (MDA) and superoxide dismutase (SOD) in patients with AMD. Methods: A total of 62 patients (50-75 years old) with
early and intermediate dry form of AMD were randomly assigned to two groups, i.e. LA administration (n = 32) and placebo (n = 30).
The levels of serum lipids and MDA and SOD activity were measured before and after LA and placebo intervention. Results: Compared
with the parameters at baseline, serum total cholesterol (CHO), triglyceride and high- and low-density lipoprotein CHO (HDL and LDL)
levels were not significantly different after LA and placebo intervention. There was a slight but statistically nonsignificant decrease

in serum MDA levels and a statistically significant increase in serum SOD activity after LA intervention. There were no statistically
significant differences in serum MDA levels or SOD activity after placebo intervention.

Conclusion: The apparent increase in SOD activity caused by LA supplementation indicates that LA may have a possible preventive
effect in the development of AMD through an antioxidant mechanism.

Lutein & Zeaxanthin

Williams DL. Oxidation, antioxidants and cataract formation: a literature review.
Veterinary Ophthalmology. 2006; 9 (5): 292-298

ABSTRACT

Purpose: This review aims to provide a literature survey of the association between photo-oxidation of lens proteins and lipid
peroxidation with the genesis of age-related cataract in laboratory studies using rodent models, in epidemiological and interventional
studies in humans.

Materials and methods: A Medline search using initial search terms lens, oxidation, antioxidant, and diet was employed to search for
research papers covering the areas noted above from 1995 to 2005. Literature cited in those papers was also reviewed to provide as
comprehensive a coverage of research work as possible.

Results: Lens protein photo-oxidation and lipid peroxidation are widely acknowledged as important steps in age-related cataractogenesis.
Dietary antioxidants are central in retarding cataractogenesis, although most evidence for this is gained from laboratory-based work on
relatively unphysiologic rodent cataract models, using antioxidant regimes that could not be sustained in clinical practice. Most research
in humans is retrospective epidemiology although some interventional research has been undertaken, with mixed results.

Conclusions: Dietary antioxidants are likely to be important in retarding cataractogenesis in older animals and in humans. Work on
companion animals could provide a valuable stepping stone between rodent-based laboratory work and human interventional studies.

Ma L, Lin X-M. 2010. Effects of lutein and zeaxanthin on aspects of eye health.
Journal of the Science of Food and Agriculture. 90(1):2-12.

ABSTRACT

Lutein and zeaxanthin are members of the oxygenated carotenoids found particularly in egg yolks and dark-green leafy vegetables.
A great deal of research has focused on their beneficial roles in eye health. The present article summarises the current literature
related to the bioactivity of these carotenoids, emphasising their effects and possible mechanisms of action in relation to human

eye health. Available evidence demonstrates that lutein and zeaxanthin are widely distributed in a number of body tissues and are
uniquely concentrated in the retina and lens, indicating that each has a possible specific function in these two vital ocular tissues.
Most of epidemiological studies and clinical trials support the notion that lutein and zeaxanthin have a potential role in the prevention
and treatment of certain eye diseases such as age-related macular degeneration, cataract and retinitis pigmentosa. The biological
mechanisms for the protective effects of these carotenoids may include powerful blue-light filtering activities and antioxidant
properties. Although most studies point towards significant health benefits from lutein and zeaxanthin, further large-scale randomised
supplementation trials are needed to define their effects on ocular function in health and disease.

R&6 anowska MB, Czuba-Pelech B, Landrum JT, Et al. 2021. Comparison of Antioxidant Properties of Dehydrolutein with Lutein and
Zeaxanthin, and their Effects on Cultured Retinal Pigment Epithelia.
Antioxidants. 10(5), 753; https://doi.org/10.3390/antiox10050753

ABSTRACT

Dehydrolutein accumulates in substantial concentrations in the retina. The aim of this study was to compare antioxidant properties of
dehydrolutein with other retinal carotenoids, lutein, and zeaxanthin, and their effects on ARPE-19 cells. The time-resolved detection of
characteristic singlet oxygen phosphorescence was used to compare the singlet oxygen quenching rate constants of dehydrolutein,
lutein, and zeaxanthin. The effects of these carotenoids on photosensitized oxidation were tested in liposomes, where photo-oxidation
was induced by light in the presence of photosensitizers, and monitored by oximetry. To compare the uptake of dehydrolutein, lutein,
and zeaxanthin, ARPE-19 cells were incubated with carotenoids for up to

19 days, and carotenoid contents were determined by spectrophotometry in cell extracts. To investigate the effects of carotenoids on
photocytotoxicity, cells were exposed to light in the presence of rose bengal or all-trans-retinal. The results demonstrate that the rate
constants for singlet oxygen quenching are 0.77 1010, 0.55 1010, and 1.23 1010 M 1s 1 for dehydrolutein, lutein, and zeaxanthin,
respectively. Overall, dehydrolutein is similar to lutein or zeaxanthin in the protection of lipids against photosensitized oxidation. ARPE-
19 cells accumulate substantial amounts of both zeaxanthin and lutein, but no detectable amounts of dehydrolutein. Cells pre-incubated
with carotenoids are equally susceptible to photosensitized damage as cells without carotenoids. Carotenoids provided to cells
together with the extracellular photosensitizers offer partial protection against photodamage. In conclusion, the antioxidant properties
of dehydrolutein are similar to lutein and zeaxanthin. The mechanism responsible for its lack of accumulation in ARPE-19 cells deserves
further investigation.

Keywords: carotenoid, lutein, zexanthin, dehydrolutein, retina, retinal pigment epithelium, singlet oxygen, photosensitized oxidation,
age-related macular degeneration.

Wang W, Hernandez J, Moore C, Jackson J, Narfstrom K. 2016. Antioxidant supplementation increases retinal responses and decreases
refractive error changes in canine.
Journal of Nutritional Science. 5. doi:https://doi.org/10.1017/jns.2016.5.
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ABSTRACT

The objective of the study was to examine whether a nutritional antioxidant supplementation could improve visual function in healthy
canine as measured by electroretinography (ERG) and autorefraction. A total of twelve Beagles, 6 to 8 years of age, with normal eyes
upon indirect ophthalmoscopy and slit lamp biomicroscopy, were age and sex matched and randomly assigned to receive a feeding
regimen for 6 months with or without a daily antioxidant supplementation. Portable, mini-Ganzfeld ERG and a Welch Allyn hand-held
autorefractor were used to test retinal response and refractive error in the canine at baseline and at the end of the supplementation
period. All ERG a-wave amplitudes obtained were increased in the treatment group compared with those of canine in the control
group, with significant improvements in the scotopic high and photopic single flash cone ERG responses (P < 0-05 for both). For

the b-wave amplitudes, all responses were similarly increased, with significant improvements in responses for the scotopic high light
intensity stimulation (P < 0-:05), and for photopic single flash cone and 30 Hz flicker (P < 0-0O1 for both) recordings. Change in refractive
error was significantly less in the treatment group compared with that of the control group during the 6-month study (P < 0-05).
Compared with the control group, the antioxidant-supplemented group showed improvement to varying degrees for retinal function
and significantly less decline in refractive error. Canine, like humans, experience retinal and lens functional decline with age. Antioxidant
supplementation as demonstrated may be beneficial and effective in the long-term preservation and improvement of various functions
of the canine eye.

Keywords: Antioxidants, Canine, Canine nutrition, Electroretinography, Retina, Refractive error, Visual acuity

Astaxanthin

Giannaccare G, Pellegrini M, Senni C, Bernabei F, Scorcia V, Cicero AFG. 2020. Clinical Applications of Astaxanthin in the Treatment of
Ocular Diseases: Emerging Insights.
Marine Drugs. 18(5):239.

ABSTRACT

Astaxanthin is a naturally occurring red carotenoid pigment belonging to the family of xanthophylls, and is typically found in

marine environments, especially in microalgae and seafood such as salmonids, shrimps and lobsters. Due to its unique molecular
structure, astaxanthin features some important biologic properties, mostly represented by strong antioxidant, anti-inflammatory
and antiapoptotic activities. A growing body of evidence suggests that astaxanthin is efficacious in the prevention and treatment of
several ocular diseases, ranging from the anterior to the posterior pole of the eye. Therefore, the present review aimed at providing
a comprehensive evaluation of current clinical applications of astaxanthin in the management of ocular diseases. The efficacy of
this carotenoid in the setting of retinal diseases, ocular surface disorders, uveitis, cataract and asthenopia is reported in numerous
animal and human studies, which highlight its ability of modulating several metabolic pathways, subsequently restoring the cellular
homeostatic balance. To maximise its multitarget therapeutic effects, further long-term clinical trials are warranted in order to define
appropriate dosage, route of administration and exact composition of the final product.

Park S, Kang S, Yoo S, Park Y, Seo K. 2022. Effect of oral antioxidants on the progression of canine senile cataracts: a retrospective
study.
Journal of Veterinary Science. 23(3). doi:https://doi.org/10.4142/jvs.21275.

ABSTRACT

This study was conducted to analyse the delaying or preventing effect of oral product containing several antioxidants on canine senile
cataracts through retrospective analysis.

Medical records of canine from January 1, 2015 to July 10, 2020 were reviewed. Canine that were 8 years of age or older with senile
cataracts were included in this study. The canine were divided into two treatment groups (canine administered with Ocu-GLO™
supplement and canine administered with Meni-One Eye R/C™ supplement) and a control group (canine that were not administered any
supplement). Canine with incipient and immature cataracts were included in this study. The period of time that cataracts progressed
from incipient to immature, and from immature to mature was recorded for each canine.

Altogether, 112 canine (156 eyes) with incipient cataracts and 60 canine (77 eyes) with immature cataracts were included. The mean
ages of canine with incipient and immature cataracts were 11.5 3 2.5 years and 11.8 3 2.6 years, respectively. Maltese and Yorkshire
Terrier were the most prevalent canine in the two groups, with incipient and immature cataracts, respectively. There was no significant
delaying effect on the progression of incipient cataracts. However, Both Ocu-GLO™ (hazard ratio = 0.265, P = 0.026) and Meni-One™
(hazard ratio = 0.246, P = 0.005) significantly delayed the progression of immature cataracts compared to the control group. Although
there was no significant delaying effect of oral antioxidants on incipient cataract progression, antioxidants could be used to delay the
progression of senile immature cataract.

Otsuka T, Shimazawa M, Nakanishi T, Ohno Y, Inoue Y, Tsuruma K, Ishibashi T, Hara H. 2013. The Protective Effects of a Dietary
Carotenoid, Astaxanthin, Against Light-Induced Retinal Damage.
Journal of Pharmacological Sciences. 123(3):209-218

ABSTRACT

Dietary carotenoids exhibit various biological activities, including antioxidative activity. In particular, astaxanthin, a type of carotenoid,
is well known as a powerful antioxidant. We investigated whether astaxanthin would protect against light-induced retinal damage. In an
in vivo study, ddY male mice were exposed to white light at 8,000 lux for 3 h to induce retinal damage. Five days after light exposure,
retinal damage was evaluated by measuring electroretinogram (ERG) amplitude and outer nuclear layer (ONL) thickness. Furthermore,
expression of apoptotic cells, 8-hydroxy-deoxyguanosine (8-OHdG), was measured. In an in vitro study, retinal damage was induced
by white light exposure at 2,500 lux for 24 h, and propidium iodide (PI)-positive cells was measured and intracellular reactive oxygen
species (ROS) activity was examined. Astaxanthin at 100 mg/kg inhibited the retinal dysfunction in terms of ERG and ONL loss

and reduced the expression of apoptotic and 8-OHdG-positive cells induced by light exposure. Furthermore, astaxanthin protected
against increases of Pl-positive cells and intracellular reactive oxygen species (ROS) activity in 66TW cells. These findings suggest that
astaxanthin has protective effects against light-induced retinal damage via the mechanism of its antioxidative effect.

Omega 3 Fatty Acids (DHA & EPA)

Silva DA, Nai GA, Giuffrida R, Sgrignoli MR, Santos DR dos, Donadao IV, Nascimento FF, Dinallo HR, Andrade SF. 2018. Oral omega 3 in
different proportions of EPA, DHA, and antioxidants as adjuvant in treatment of keratoconjunctivitis sicca in canine.
Arquivos Brasileiros de Oftalmologia. 81:421-428. doi:https://doi.org/10.5935/0004-2749.20180081.
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ABSTRACT

Purpose: To compare the efficacy of 0.03% topical tacrolimus in combination with oral omega ( ) 3 with different ratios of
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and antioxidants as adjuvant in the treatment of keratoconjunctivitis sicca
(KCS) in canine.

Methods: Forty-five canine with KCS were evaluated monthly for 6 months. Evaluations included performance of the Schirmer tear,
fluorescein, and lissamine green tests. Tear film break-up time (TBUT) was assessed. Conjunctival cytology was evaluated at the
beginning, middle, and end of the study. Conjunctiva was biopsied at the beginning and end of the study. Canine were randomly
assigned to one of the three groups (n=15): Group T (topical tacrolimus 0.03%), Group TO (topical tacrolimus + -1.5 EPA: 1 DHA), or
Group TOA (topical tacrolimus + -1EPA:4.5 DHA + antioxidants).

Results: There was a significant improvement in clinical signs in all groups. TBUT increased throughout treatment in all groups; this
effect was most pronounced in Group TO. Cytological analysis performed at the end of the study period, showed decreased levels of
lymphocytes, neutrophils, and metaplastic and squamous cells in Groups T, TO, and TOA. Histological analysis performed at the end of
the study period showed decreased levels of lymphocytes and neutrophils and increased levels of goblet cells. These effects were most
pronounced in Group TO.

Conclusion: Oral treatment with -3 containing a higher proportion of EPA than DHA increased the effectiveness of topical tacrolimus
0.03% in the treatment of keratoconjunctivitis sicca in canine.

Ramchani-Ben Othman K, Cercy C, Amri M, Doly M, Ranchon-Cole I. 2015. Dietary Supplement Enriched in Antioxidants and Omega-3
Protects from Progressive Light-Induced Retinal Degeneration.
Wen R, editor. PLOS ONE. 10(6):e0128395. doi:https://doi.org/10.1371/journal.pone.0128395.

ABSTRACT

In the present study, we have evaluated one of the dietary supplements enriched with antioxidants and fish oil used in clinical care for
patient with age-related macular degeneration. Rats were orally fed by a gastric canula daily with 0.2 ml of water or dietary supplement
until they were sacrificed. After one week of treatment, animals were either sacrificed for lipid analysis in plasma and retina, or used for
evaluation of rod-response recovery by electroretinography (ERG) followed by their sacrifice to measure rhodopsin content, or used for
progressive light-induced retinal degeneration (PLIRD). For PLIRD, animals were transferred to bright cyclic light for one week. Retinal
damage was quantified by ERG, histology and detection of apoptotic nuclei. Animals kept in dim-cyclic-light were processed in parallel.
PLIRD induced a thinning of the outer nuclear layer and a reduction of the b-wave amplitude of the ERG in the water group. Retinal
structure and function were preserved in supplemented animals. Supplement induced a significant increase in omega-3 fatty acids in
plasma by 168% for eicosapentaenoic acid (EPA), 142% for docosapentaenoic acid (DPA) and 19% for docosahexaenoic acid (DHA) and
a decrease in the omega-6 fatty acids, DPA by 28%. In the retina, supplement induced significant reduction of linolenic acid by 67% and
an increase in EPA and DPA by 80% and 72%, respectively, associated with significant decrease in omega-6 DPA by 42%. Supplement
did not affect rhodopsin content or rod-response recovery. The present data indicate that supplement rapidly modified the fatty acid
content and induced an accumulation of EPA in the retina without affecting rhodopsin content or recovery. In addition, it protected the
retina from oxidative stress induced by light. Therefore, this supplement might be beneficial to slow down progression of certain retinal
degeneration.

SanGiovanni JP, Chew EY. 2005. The role of omega-3 long-chain polyunsaturated fatty acids in health and disease of the retina.
Progress in Retinal and Eye Research. 24(1):87-138

ABSTRACT

In this work we advance the hypothesis that omega-3 ( -3) long-chain polyunsaturated fatty acids (LCPUFAs) exhibit cytoprotective
and cytotherapeutic actions contributing to a number of anti-angiogenic and neuroprotective mechanisms within the retina. -3
LCPUFAs may modulate metabolic processes and attenuate effects of environmental exposures that activate molecules implicatedin
pathogenesis of vasoproliferative and neurodegenerative retinal diseases. These processes and exposures include ischemia, chronic
light exposure, oxidative stress, inflammation, cellular signalling mechanisms, and ageing. A number of bioactive molecules within the
retina affect, and are effected by such conditions. These molecules operate within complex systems and include compounds classified
as eicosanoids, angiogenic factors, matrix metalloproteinases, reactive oxygen species, cyclic nucleotides, neurotransmitters and
neuromodulators, pro-inflammatory and immunoregulatory cytokines, and inflammatory phospholipids. We discuss the relationship
of LCPUFAs with these bioactivators and bioactive compounds in the context of three blinding retinal diseases of public health
significance that exhibit both vascular and neural pathology.

How is -3 LCPUFA status related to retinal structure and function? Docosahexaenoic acid (DHA), a major dietary -3 LCPUFA, is also
a major structural lipid of retinal photoreceptor outer segment membranes. Biophysical and biochemical properties of DHA may affect
photoreceptor membrane function by altering permeability, fluidity, thickness, and lipid phase properties. Tissue DHA status affects
retinal cell signalling mechanisms involved in phototransduction. DHA may operate in signalling cascades to enhance activation of
membrane-bound retinal proteins and may also be involved in rhodopsin regeneration. Tissue DHA insufficiency is associated with
alterations in retinal function. Visual processing deficits have been ameliorated with DHA supplementation in some cases.

What evidence exists to suggest that LCPUFAs modulate factors and processes implicatedin diseases of the vascular and neural retina?
Tissue status of LCPUFAs is modifiable by and dependent upon dietary intake. Certain LCPUFAs are selectively accreted and efficiently
conserved within the neural retina. On the most basic level, -3 LCPUFAs influence retinal cell gene expression, cellular differentiation,
and cellular survival. DHA activates a number of nuclear hormone receptors that operate as transcription factors for molecules that
modulate reduction-oxidation-sensitive and pro-inflammatory genes; these include the peroxisome proliferator-activated receptor-
(PPAR- ) and the retinoid X receptor. In the case of PPAR- , this action is thought to prevent endothelial cell dysfunction and vascular
remodeling through inhibition of: vascular smooth muscle cell proliferation, inducible nitric oxide synthase production, interleukin-1
induced cyclooxygenase (COX)-2 production, and thrombin-induced endothelin 1 production.

Research on model systems demonstrates that -3 LCPUFAs also have the capacity to affect production and activation of angiogenic
growth factors, arachidonic acid (AA)-based vasoregulatory eicosanoids, and MMPs. Eicosapentaenoic acid (EPA), a substrate for
DHA, is the parent fatty acid for a family of eicosanoids that have the potential to affect AA-derived eicosanoids implicatedin abnormal
retinal neovascularization, vascular permeability, and inflammation. EPA depresses vascular endothelial growth factor (VEGF)—
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specific tyrosine kinase receptor activation and expression. VEGF plays an essential role in induction of: endothelial cell migration and
proliferation, microvascular permeability, endothelial cell release of metalloproteinases and interstitial collagenases, and endothelial cell
tube formation. The mechanism of VEGF receptor down-regulation is believed to occur at the tyrosine kinase nuclear factor-kappa B
(NF B). NF B is a nuclear transcription factor that up-regulates COX-2 expression, intracellular adhesion molecule, thrombin, and nitric
oxide synthase. All four factors are associated with vascular instability. COX-2 drives conversion of AA to a number angiogenic and
pro-inflammatory eicosanoids. Our general conclusion is that there is consistent evidence to suggest that -3 LCPUFAs may actin a
protective role against ischemia-, light-, oxygen-, inflammatory-, and age-associated pathology of the vascular and neural retina.

Hui F, Tang J, Williams PA, McGuinness MB, Hadoux X, Casson RJ, Coote M, Trounce |IA, Martin KR, Wijngaarden P, et al. 2020.
Improvement in inner retinal function in glaucoma with nicotinamide (vitamin B3 ) supplementation: A crossover randomised clinical
trial.

Clinical & Experimental Ophthalmology. 48(7):903-914

ABSTRACT

Importance: Retinal ganglion cells endure significant metabolic stress in glaucoma but maintain capacity to recover function.
Nicotinamide, a precursor of NAD+, is low in serum of glaucoma patients and its supplementation provides robust protection of retinal
ganglion cells in preclinical models. However, the potential of nicotinamide in human glaucoma is unknown.

Methods: Participants received oral placebo or nicotinamide and reviewed six-weekly. Participants commenced 6 weeks of 1.5 g/day
then 6 weeks of 3.0 g/day followed by crossover without washout. Visual function measured using electroretinography and perimetry.

Main outcome measures: Change in inner retinal function, determined by photopic negative response (PhNR) parameters: saturated
PhNR amplitude (Vmax), ratio of PhNR/b-wave amplitude (Vmax ratio).

Results: PANR Vmax improved beyond 95% coefficient of repeatability in 23% of participants following nicotinamide vs 9% on placebo.
Overall, Vmax improved by 14.8% (95% Cl: 2.8%, 26.9%), (P =.02) on nicotinamide and 5.2% ( 4.2%, 14.6%), (P =.27) on placebo.

Vmax ratio improved by 12.6% (5.0%, 20.2%), (P =.002) following nicotinamide, 3.6% ( 3.4%, 10.5%), (P =.30) on placebo. A trend for
improved visual field mean deviation was observed with 27% improving =1dB on nicotinamide and fewer deteriorating (4%) compared
to placebo (P =.02).

Conclusions: Nicotinamide supplementation can improve inner retinal function in glaucoma. Further studies underway to elucidate the
effects of long-term nicotinamide supplementation.

Jung KI, Han J-S, Park CK. 2022. Neuroprotective Effects of Nicotinamide (Vitamin B3) on Neurodegeneration in Diabetic Rat Retinas.
Nutrients. 14(6):1162.

ABSTRACT

The loss of inner retinal neurons is an initial event in diabetic retinopathy. In diabetic retinas, oxidative stress is increased, which could
lead to increased oxidative DNA damage. Nicotinamide is a precursor to nicotinamide adenine dinucleotide, which contributes to the
DNA damage response. We investigated whether nicotinamide plays a neuroprotective role in diabetic retinal neurodegeneration in
terms of DNA repair. Male Sprague Dawley rats with streptozotocin-induced diabetes were orally administered nicotinamide (500 mg/
kg/day) for 4 or 12 weeks. Oxidative stress exhibited by dihydroethidium was upregulated at 4 and 12 weeks after onset of diabetes,
and nicotinamide treatment reduced oxidative stress at 4 weeks after induction of diabetes. Oxidative DNA damage measured by
8-hydroxy-2 -deoxyguanosine (8-OHdG) increased at 4 and 12 weeks after induction of diabetes and decreased following nicotinamide
treatment. The elevated expression of glial fibrillary acidic protein (GFAP) induced by diabetes was attenuated by nicotinamide
treatment. In Western blot analysis, the increased expression of cleaved PARP-1 in diabetes was attenuated by nicotinamide treatment
at 12 weeks after induction of diabetes. The diabetes-induced apoptosis of inner retinal cells detected by the TUNEL assay was reduced
by nicotinamide treatment. In conclusion, nicotinamide attenuated retinal neurodegeneration in diabetes, probably by reducing
oxidative DNA damage and supporting DNA repair.

Vitamin B6 (Pyridoxine)
Tunali S. 2013. The effects of vitamin B6 on lens antioxidant system in valproic acid-administered rats.
Human & Experimental Toxicology. 33(6):623-628.

ABSTRACT

Valproic acid (VPA, 2-propyl pentanoic acid) is a broad-spectrum antiepileptic drug (AED) and is commonly used in the treatment of
bipolar disorders and epilepsy. AEDs are known to result in vascular disturbances. Vitamin B6 (Vit B6) is water soluble vitamin essential
for normal growth, development, and metabolism. In this study, we aimed to investigate the protective effects of Vit B6 against VPA-
induced lens damage in experimental animals. In this study, male 4-month-old, Sprague-Dawley rats were used. The animals were
divided into four groups. Group | was intact control animals. Group |l rats were administered with Vit B6 (50 mg/kg/day) for 7 days.
Group Il rats were administered with only VPA (500 mg/kg/day) for 7 days. Group IV was given VPA + Vit B6 (in a same dose and
time). Vit B6 was given to rats by gavage and VPA was given by intraperitoneally. On the 8th day of experiment, all of the animals were
fasted overnight and then killed under ether anesthesia. Lens tissues were taken from animals, homogenized in 0.9% saline to make up
a 10% homogenate. The homogenates was used for glutathione (GSH), lipid peroxidation (LPO), protein levels, and enzyme analysis. In
VPA groups, levels of lens GSH and LPO and activities of glutathione-S-transferase, glutathione peroxidase, glutathione reductase, and
aldose reductase were increased, while superoxide dismutase activity was decreased. Treatment with Vit B6 reversed these effects.
These results demonstrated that administration of Vitamin B6 is potentially beneficial agent to reduce the lens damage in VPA toxicity,
probably by decreasing oxidative stress.

Wei W, Li L, Zhang Y, Geriletu, Yang J, Zhang Y, Xing Y. 2014. Vitamin C Protected Human Retinal Pigmented Epithelium from Oxidant

Injury Depending on Regulating SIRT1.
The Scientific World Journal. 2014:1-8
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ABSTRACT

The purpose was to investigate the protective effects of Vitamin C (Vit C) and the regulatory mechanism between Vit C and sirtuin
1(SIRT1) in PREs during oxidative stress as Vit C and SIRT1 exerted famous effects as antioxidants. We found that moderate Vit C
(100 QM) prevented ARPE-19 cells from damages induced by H202, including increasing viability, reducing apoptosis, and attenuating
intracellular ROS levels. But lower and higher concentration of Vit C had no effects. Further results indicated that Vit C caused the
dysregulation of some stress responses factors (SIRTT, p53 and FOXO3) in ARPE-19 cells response to H202. Moreover we found

that SIRT1 activator resveratrol (SRV) stimulated significantly the protective effects of moderate Vit C, provided the property of
antioxidative stress for the lower and higher concentration of Vit C in ARPE-19 cells as well. Consistently, nicotinamide (NA) relieved
the protective functions of moderate Vit C. Interestingly, data also revealed the dysregulation of p53 and FOXO3 was dependent on
the regulation of SIRT1 rather than Vit C. Summarily, the protective effect of Vit C against oxidative stress was involved in regulation of
SIRT1. It suggested that combined application of Vit C and RSV might be a promising therapeutic method for AMD.

Lim JC, Caballero Arredondo M, Braakhuis AJ, Donaldson PJ. 2020. Vitamin C and the Lens: New Insights into Delaying the Onset of
Cataract.
Nutrients. 12(10):3142.

ABSTRACT

Cataracts or clouding of the lens is the leading cause of blindness in the world. Age and diabetes are major risk factors, and with
an increasing ageing and diabetic population, the burden of cataracts will grow. Cataract surgery is an effective way to restore
vision; however, alternatives to cataract surgery are required to reduce the looming cataract epidemic. Since it is well established
that oxidative damage plays a major role in the etiology of cataracts, antioxidants have been promoted as therapies to delay and/
or prevent cataracts. However, many antioxidant interventions including vitamin C have produced mixed results as anti-cataract
therapies. Progress has been made towards our understanding of lens physiology and the mechanisms involved in the delivery and
uptake of antioxidants to the lens which may guide future studies aimed at addressing some of the inconsistencies seen in previous
animal and human studies. Of interest is the potential for vitamin C based supplements in delaying the onset of cataracts post
vitrectomy which occurs in up to 80% of patients within two years. These targeted approaches are required to reduce the burden of
cataract on hospitals and improve the quality of life of our ageing and diabetic population.

Keywords: vitamin C; lens; cataract; oxidative stress; vitreous humor; vitrectomy

Barros PSM, Padovani CF, Silva VV, Queiroz L, Barros SBM. 2003. Antioxidant status of canine aqueous humor after extracapsular lens
extraction.
Brazilian Journal of Medical and Biological Research. 36(11):1491-1494.

ABSTRACT

We determined the antioxidant status of the aqueous humor after extracapsular lens extraction in 14 mongrel canine weighing
about 10 kg. The animals were examined by slit lamp biomicroscopy, applanation tonometry and indirect ophthalmoscopy. One eye
was submitted to conventional extracapsular lens extraction and the other was used as control. Samples of agueous humor were
obtained by anterior chamber paracentesis before and at days 1, 2, 3, 7 and 15 after surgery. Total antioxidant status was determined
as the capacity of aqueous humor to inhibit free radical generation by 2,2-azobis(2-amidopropane) chlorine. Ascorbic acid
concentration was measured by HPLC with UV detection. Protein content was determined with the biuret reagent. Statistical analysis
was performed by ANOVA followed by the Tukey-Kramer test. Protein concentration increased from 0.61 to 22 mg/ml 24 h after
surgery. These levels were maintained and returned to normal at day 7. Total antioxidant capacity was reduced from 50 to about 30
min until day 3 and at day 7 it was equal to control. Ascorbic acid levels were reduced from 252 to about 110 QM and then returned
to control values at day 15. Considering the importance of ascorbic acid concentration in aqueous humor for the maintenance of the
antioxidant status of the anterior segment of the eye, the decrease of antioxidant defenses suggests that the surgical procedures
promote an oxidative stress condition in the eye.

Vitamin E

Aristeidis Chandrinos, Dorotheos Tzamouranis, Stavroula Kakoura. 2023. Vitamin E and Supplements Offer Eye Neuroprotection - Myth or
Reality?
Ophthalmology research: an international journal. 18(6):16-24.

ABSTRACT

Leading causes of vision loss include several eye conditions such as cataract and glaucoma. The role of nutritional supplementation
to prevent the progression of ocular disease is of great interest to health care professionals. It is recognized that the crystalline
lens and retina suffer oxidative damage and the most protective agents are anti-oxidant vitamins A, C and E. The Age-Related Eye
Disease Study (AREDS), found that supplementation with vitamins C and E, reduced the risk of developing various ocular diseases.
The RDA for vitamin E is 15 mg/day -tocopherol for both women and men. Vitamin E exists naturally in nuts and seeds, in addition
to dark leafy vegetables. In a recent study reported lower plasma levels of vitamin E in POAG subjects.

Conclusion: In conclusion, exposure to nutrients although is ubiquitous, without it, in general we cannot survive. Conflicting evidence
is presented for vitamins A and E in prevention of ocular disease. A number of epidemiological studies showed an increased risk of
nuclear or cortical cataract in people with low blood levels of vitamin E. Furthermore, a number of studies suggested that nutrition
might have an effect on the intraocular pressure (IOP) or glaucoma, arbitrated by oxidative stress.

Wang W, Hernandez J, Moore C, Jackson J, Narfstrom K. 2016. Antioxidant supplementation increases retinal responses and decreases
refractive error changes in canine.
Journal of Nutritional Science. 5. doi:https://doi.org/10.1017/jns.2016.5.

ABSTRACT
See prior section “Lutein & Zeaxanthin”
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Grapeseed Extract

Barden CA, Chandler HL, Lu P, Colitz CMH. The Effect of Grape Seed Extract on Canine Lens Epithelial Cells.
Investigative Ophthalmology & Visual Science May 2006, Vol.47, 2541.

ABSTRACT

Purpose: Cataract is one of the most prevalent causes of blindness in canine and cataract surgery is the most common surgical
procedure performed by veterinary ophthalmologists. Lens epithelial cells (LEC) exhibit epithelial-mesenchymal tranformation-like
(EMT) changes characterized by pseudometaplasia, proliferation, and migration in response to oxidative stress, inflammation, and other
causes of cataractogenesis and secondary cataract. We previously showed that pAkt and Cox-2 were up-regulated in cataractous

LEC. Grape seed proanthocyanidin extract (GSE) has free radical scavenging activities, as well as anti-inflammatory and antioxidative
properties. We hypothesize that the combined effects of GSE will slow or prevent

the EMT changes seen in LEC via inhibition of Akt and/or Cox-2.

Methods: The LEC scratch model (wound healing model) with primary cultures of canine LEC was used in these assays. The DCF assay
was used to test the efficacy of GSE’s free radical scavenging ability. LEC were treated with epidermal growth factor (EGF), GSE,

and EGF+GSE while undergoing psuedometaplastic migration in response to a ‘scratch’. Cell migration was monitored using digital
photography and a computerized cell migration evaluation instrument (ECIS 1600, Applied BioPhysics). Cox-2 and Akt were evaluated
by Western blot analysis and quantitative RT-PCR.

Results: GSE significantly reduced the production of reactive oxygen species. EGF stimulated cell migration while GSE decreased cell
migration below the level of untreated cells. In the presence of EGF, GSE reduced cell migration to the level of untreated cells. EGF
increased p-Akt expression while GSE decreased expression of p-Akt. GSE diminished the EGF-induced increased expression of pAkt.
EGF and GSE did not change Cox-2 protein or mRNA expression or Akt mRNA.

Conclusions: These results confirm the free radical scavenging ability of GSE in canine LEC. Furthermore, GSE decreased several
characteristics associated with EMT, i.e. increased LEC migration and p-Akt expression. It appears that GSE’s effects are mediated
post-translationally but this requires more study. We are optimistic about our findings and propose that GSE may slow or prevent
cataractogenesis and/or secondary cataract in vivo.

In vivo studies are currently underway.

Jia Z, Song Z, Zhao Y, Wang X, Liu P. Grape seed proanthocyanidin extract protects human lens epithelial cells from oxidative stress via
reducing NF- B and MAPK protein expression.
Mol Vis. 2011 Jan 20;17:210-7. PMID: 21264233; PMCID: PMC3025097.

ABSTRACT

Purpose: Oxidative damage induced by H202 treatment can irreversibly damage the lens epithelium, resulting in cell death and
cataract. Grape seed extract (GSE) is a widely consumed dietary supplement that has the capability to scavenge oxidants and free
radicals. GSE contain 70%-95% standardized proanthocyanidins. The study described herein investigated the protective effect of Grape
seed proanthocyanidin extract (GSPE) on

H202-induced oxidative stress in human lens epithelial B-3 (HLEB-3) cells and the possible molecular mechanism involved.

Methods: HLE-B3 cells exposed to different doses of H202 were cultured with various concentrations of GSPE and subsequently
monitored for cell viability by the 4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide (MTT) assay. The apoptosis rate and ROS
generation were detected by flow cytometric analysis. Expression of NF- B/P65 and mitogen activated protein kinase (MAPK) proteins
were measured by western blot.

Results: GSPE clearly reduced H202 induced cell apoptosis and reactive oxygen species (ROS) generation and protected HLEB-3 cells
from H202 induced oxidative damage. GSPE depressed H202-induced activation and translocation of NF- B/p65. GSPE also depressed
H202-induced phosphorylation of the p38 and c-Jun N-terminal kinase (JNK) proteins of the MAPK family at various time points
studied.

Conclusions: GSPE could be useful in attenuation of H202-induced oxidative stress and the activation of NF- B and MAPK signalling in
HLE-B3 cells, which suggests that GSPE has a potential protective effect against cataractogenesis.

Green Tea Extract

Kumar V, Gour S, Ocan Simon Peter, Gandhi S, Goyal P, Pandey J, Ram Swaroop Harsolia, Jay Kant Yadav. 2017. Effect of Green Tea
Polyphenol Epigallocatechin-3-gallate on the Aggregation of A(66-80) Peptide, a Major Fragment of A-crystallin Involved in Cataract
Development.

Current eye research. 42(10):1368-1377.

ABSTRACT

Purpose: Crystallin is a major protein present in eye lens. Peptide fragment A(66-80) derived from A-crystallin possesses high
aggregation propensity and forms amyloid-like structures. A(66-80) aggregates are known to interact with soluble crystallins and
destabilize native structures that subsequently undergo aggregation. Crystallin aggregation in eye lens leads to reduction in lens
opacity, the condition generally referred to as a cataract. Thus, A(66-80) aggregation appears to be an important event during
cataract development, and therefore, inhibition of A(66-80) aggregation may be an attractive strategy to intervene in cataract
development.

Materials and methods: A(66-80) peptide derived from A-crystallin possesses high aggregation potential and has a crucial role in
cataract development. In order to inhibit the aggregation of A(66-80) peptide, Epigallocatechin-3-gallate (EGCG), a major active
constituent of green tea, was employed. The inhibitory effect was assessed by Congo Red (CR) spectral shift assay, Thioflavin-T binding
assay, transmission electron microscopy and fluorescence microscopy.
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Results: The inhibitory potential of EGCG toward A-crystallin was clearly observed as in the presence of EGCG, the A(66-80)
aggregation was considerably inhibited and the pre-formed fibrillary aggregates of A(66-80) were found to be disassembled.

Conclusion: In the present study, we are able to successfully demonstrate that EGCG efficiently blocks the aggregation of A(66-80)
peptide in a concentration-dependent manner. Furthermore, it is also evident that EGCG is able to disaggregate pre-formed A(66-80)
aggregates. The study suggests that EGCG can be a potential molecule that can prevent the initiation of cataract as well as be helpful
in the disease reversal.

Coenzyme Q10

Nakajima Y, Inokuchi Y, Nishi M, Shimazawa M, Otsubo K, Hara H. 2008. Coenzyme Q10 protects retinal cells against oxidative stress in
vitro and in vivo.
Brain Research. 1226:226-233

ABSTRACT
Purpose: To investigate the neuroprotective effects of coenzyme Q10 and/or a vitamin E analogue on retinal damage both in vitro and
in vivo.

Methods: We employed cultured retinal ganglion cells (RGC-5, a rat ganglion cell-line transformed using E1A virus) in vitro. Cell damage
was induced by 24-h hydrogen peroxide (H202) exposure, and cell viability was measured using tetrazolium salt (WST-8). To examine
the retinal damage induced by intravitreal N-methyl-d-aspartate (NMDA) injection in mice in vivo, coenzyme Q10 at 10 mg/kg with or
without alpha-tocopherol at 10 mg/kg was administered orally (p.o.) each day for 14 days, with NMDA being intravitreally injected on
day 7 of this course.

Results: In RGC-5, a combination of coenzyme Q10 and trolox, a water-soluble vitamin E analogue (a derivative of alpha-tocopherol),
prevented cell damage more effectively than either agent alone. Coenzyme Q10 and alpha-tocopherol (separately or together) reduced
the retinal damage, number of TUNEL-positive cells in the ganglion cell layer (GCL), and 4-hydroxyl-2-nonenal (4-HNE) expression
induced by NMDA in mice in vivo.

Conclusions: Coenzyme Q10 and/or these vitamin E analogues exert neuroprotective effects against retinal damage both in vitro and in
Vivo.

Zinc Oxide

Grahn BH, Paterson PG, Gottschall-Pass KT, Zhang Z. 2001. Zinc and the eye.
Journal of the American College of Nutrition. 20(2 Suppl):106-118.

ABSTRACT

Zinc, a trace element that influences cell metabolism through a variety of mechanisms, appears to play an integral role in maintaining
normal ocular function. This element is present in high concentrations in ocular tissue, particularly in retina and choroid. Zinc deficiency
has been shown in a number of species to result in a variety of gross, ultrastructural and electrophysiologic ocular manifestations. The
physiological functions for zinc have been studied predominantly in retina and retinal pigment epithelium where zinc is believed to
interact with taurine and vitamin A. modify photoreceptor plasma membranes, regulate the light-rhodopsin reaction, modulate synaptic
transmission and serve as an antioxidant. Suboptimal zinc status in North America may influence the development and progression of
several chronic eye diseases. Zinc supplementation trials and epidemiological studies have produced conflicting results concerning the
role of zinc in age-related macular degeneration. Additional well-controlled supplementation trials is indicated to clarify the role of zinc
in this disease. Future investigations must also expand our understanding of the mechanisms by which zinc regulates ocular morphology
and function.

Other Scientific References

1 Heruye SH, Maffofou Nkenyi LN, Singh NU, Yalzadeh D, Ngele KK, Njie-Mbye Y-F, Ohia SE, Opere CA. 2020.

Current Trends in the Pharmacotherapy of Cataracts. Pharmaceuticals. 13(1):15.

2 Hopper RG, Fabiano Montiani-Ferreira, Jorge, Fritz MC, Ruggiero VJ, Sapienza JS, Kato K, Komaromy AM. 2021. Presumed
neuroprotective therapies prescribed by veterinary ophthalmologists for canine degenerative retinal and optic nerve diseases.
Veterinary Ophthalmology. 24(3):229-239.

3 Williams, David & Fitchie, Angus & Colitz, Carmen. (2015). An Oral Antioxidant Formulation Delaying and Potentially Reversing Canine
Diabetic Cataract: A Placebo-controlled Double-masked Pilot Study.

International journal of diabetes and clinical research. 2. 10.23937/2377-3634/1410023.
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ONCOFOCUS

Dear Veterinarian

OncoFocus is a comprehensive nutritional supplement formulated to support canine and feline diagnosed with neoplasia. It combines
a synergistic blend of natural compounds known for their immune-modulating, anti-inflammatory, antioxidant, and adaptogenic
properties, aiming to enhance quality of life and complement conventional cancer therapies.

Key Features of OncoFocus:

¢« Omega-3 (Krill Oil): Rich in EPA and DHA, supporting anti-inflammatory pathways and promoting cell membrane integrity.

e Curcumin: A well-documented anti-inflammatory and antioxidant, shown to potentially inhibit tumour growth, angiogenesis, and
metastasis.

¢ Beta-Glucan: Enhances innate immune function and may improve the effectiveness of cancer treatments.

* Adaptogens (Ashwagandha and Panax Ginseng): Help reduce physiological stress, support general vitality, and demonstrate
properties such as induction of apoptosis and inhibition of abnormal cellular proliferation.

¢ Antioxidants (Vitamins C and E, Green Tea Extract (EGCG), Resveratrol, Astaxanthin): Provide protection against oxidative stress, a
factor often associated with cancer development and progression.

As with all other VetsBrands products OncoFocus is also Vet-Only ad infinitum available to you as a Veterinarian.
Regards

Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Omega 3

Philip Roudebush, Deborah J. Davenport, Bruce J. Novotny. 2004. The use of nutraceuticals in cancer therapy
Vet Clin Small Anim 34: 249-269

SUMMARY

While host tissues continue to metabolize lipids for energy, certain tumour cells exhibit a reduced capacity to utilise lipids as a fuel
source. Epidemiological studies suggest that dietary supplementation with n-3 fatty acids, particularly those found in fish and fish oil
(eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)), may be beneficial for animals with cancer.

These fatty acids have been shown to inhibit lipolysis and muscle protein degradation associated with cachexia in various animal
models. EPA, in particular, has been demonstrated to preserve fat stores and limit muscle protein degradation by inhibiting specific
metabolic pathways. Additionally, n-3 fatty acids can modulate matrix metalloproteinase (MMP) activity, which is implicatedin tumour
growth and metastasis.

Numerous studies have evaluated the effects of n-3 fatty acids on various aspects of tumourigenesis, including tumour growth,
metastasis, and response to cancer therapies. Findings suggest that n-3 fatty acid supplementation can reduce tumour cell
proliferation, promote apoptosis, inhibit tumour growth and metastasis, and enhance the efficacy of certain cancer treatments.

Several hundred studies using laboratory animal cancer models or in vitro cell cultures have evaluated the effects of fish oil or EPA/DHA
on various facets of tumourigenesis, tumour growth, metastasis, and cancer therapy (18,19). Findings include the following:

EPA/DHA administration reduces cancerous transformation of irradiated fibroblasts and inhibits proliferation and metabolism in various
cancer cell lines.

Several hundred studies using laboratory animal cancer models or in vitro cell cultures have evaluated the effects of fish oil or EPA/DHA
on various facets of tumourigenesis, tumour growth, metastasis, and cancer therapy.

Findings include the following:
« EPA/DHA administration reduces cancerous transformation of irradiated fibroblasts and inhibits proliferation and metabolism in
various cancer cell lines.
* EPA/DHA supplementation inhibits growth of aberrant colon crypt cells, which are biomarkers for colon cancer.
* Oxidation products of x-3 fatty acids promote apoptosis (programmed cell death) of tumour cells.
 Fish oil supplementation results in EPA/DHA incorporation into cell membranes of malignant cells.
 Fish oil or EPA/DHA supplementation inhibits growth of colon, liver, lung, prostate, and mammary tumours in rodent cancer models.
* Fish oil or EPA/DHA supplementation inhibits metastasis of colon and mammary tumours in rodent cancer models.
* Fish oil or EPA/DHA supplementation regulates the expression or activity of MMPs.
 Fish oil or EPA/DHA supplementation modulates the secretion of cytokines and eicosanoids, such as TNFa, interleukin (IL)-1, IL 6,
and prostaglandin E2, that have catabolic effects or impair immune responsiveness.
 Fish oil or EPA/DHA supplementation enhances the antitumour effects of certain cancer chemotherapeutic agents.
» Fish oil or EPA/DHA supplementation enhances the response of tumours to ionizing radiation.
* Fish oil supplementation reduces the blood vascular area in solid tumours.

Taken together, these extensive findings suggest a role for providing high levels of x-3 fatty acids in the diet of pets with cancer.

Di Napoli R, Balzano N, Mascolo A, Cimmino C, Vitiello A, Zovi A, Capuano A, Boccellino M. 2023. What Is the Role of Nutraceutical
Products in Cancer Patients? A Systematic Review of Randomised Clinical Trials.
Nutrients. 15(14):3249.
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ABSTRACT

Chemotherapy represents the main pharmacological cancer treatment. Recently, positive effects emerged with the combination of
anticancer therapy and nutraceutical products. The aim of this systematic review is to collect and synthesize the available scientific
evidence regarding the potential effects of nutraceuticals on cancer cells. A systematic literature search of randomised clinical trials of
nutraceutical products in patients with cancer published up to 15 December 2022 was conducted using three data sources: Embase,
PubMed, and Web of Science. The effect of high-dose isoflavone supplements on prostate cancer resulted in stabilization or reduction
of PSA concentrations in 50% of isoflavone group patients six months after treatment. High doses of vitamin D supplementation plus
chemotherapy in patients with advanced or metastatic colourectal cancer showed a median PFS of 13.0 months (95% CI, 10.1-14.7
months) for 49 patients. The effect of vitamin D supplementation on markers of inflammatory level and antioxidant capacity in women
with breast cancer showed a significant increase in serum vitamin D concentration (28 3 2.6 to 39 3 3.5; p = 0.004) after 8 weeks of
treatment. In conclusion, nutraceutical supplements represent a potentially growing sector and can be utilised in medical treatment or
nutrition to provide integrated medical care.

Extract from article
Lipids and polyunsaturated fatty acids Alpha-linolenic acid, Docosahexaenoic acid, Eicosapentaenoic acid Mechanism of action.

. Regulation of metabolic pathways and inflammation.
. Reduction of oxidative stress.
. Alteration of the membrane composition and cell signalling pathways.

Magalhdes TR, Lourenco AL, Gregdrio H, Queiroga FL. 2021. Therapeutic Effect of EPA/DHA Supplementation in Neoplastic and Non-
neoplastic Companion Animal Diseases: A Systematic Review.
In Vivo. 35(3):1419-1436.

ABSTRACT

Background/Aim: The aim of this study is to identify and describe randomised controlled studies evaluating the therapeutic effect of
EPA and DHA supplementation in companion animal diseases. Materials and Methods: A systematic search was conducted in PubMed
database and the information collected was summarised and evaluated according to the risk of bias, using the revised Cochrane

tool (RoB2). Results: Twenty-three studies were eligible for inclusion: twenty performed in canine and three in feline. A therapeutic
benefit was found in canine allergic dermatitis, haircoat disorder, keratoconjunctivitis sicca, valvular disease, and canine and feline
osteoarthritis. Canine diagnosed with chronic heart failure and lymphoma and feline with allergic dermatitis also seem to benefit from
supplementation with omega-3 fatty acids, but studies with improved methodological quality are needed to strengthen this evidence.
Conclusion: EPA and DHA supplementation has proven benefits in the adjuvant treatment of various neoplastic and non-neoplastic
diseases in canine and feline.

Extracts from article

EPA and DHA are two types of omega-3 polyunsaturated fatty acids (PUFAs) that are derived from alpha-linolenic acid (ALA) through
a metabolic pathway that includes chain elongation and desaturation. Since their bioconversion is very limited in canine and feline,
these omega-3 fatty acids need to be supplied to the animal through its diet. The main source of EPA and DHA are fish and fish-oil
products, such as menhaden, cod liver and salmon oils, even though crustaceans, bivalves, cephalopods and marine algae are also rich
sources (4). Supplementation with EPA and DHA has shown benefits in the treatment of several human disorders, such as diabetes,
cardiovascular problems, psychiatric and psychological disturbances, rheumatoid arthritis and even cancer.

Canine lymphoma.

Supplementation with EPA and DHA fatty acids has shown benefits in humans diagnosed with cancer, through their metabolic influence
on tumour progression and by improving the effectiveness of conventional treatments, such as chemotherapy. The same type of effect
was expected by Ogilvie et al who have studied the impact of a diet enriched with EPA and DHA content on the remission and survival
time of canine diagnosed with lymphoma.

Green tea Extract

Philip Roudebush, Deborah J. Davenport, Bruce J. Novotny. 2004. The use of nutraceuticals in cancer therapy
Vet Clin Small Anim 34: 249-269

Summary

Numerous animal studies have consistently demonstrated the anticarcinogenic properties of polyphenols, including flavones, flavonols,
isoflavones, and catechins. Oral consumption of green tea or its polyphenolic constituents have been shown to protect mice against
tumour development induced by various carcinogenic agents. Additionally, green tea extracts have been found to modulate and
enhance the effectiveness of cancer chemotherapeutic drugs in animal models.

The anticarcinogenic effects of tea polyphenols are believed to be mediated through several mechanisms, including:

. Inhibiting enzymes involved in the activation of carcinogens

. Inducing programmed cell death (apoptosis) in cancer cells

. Arresting the cell cycle to inhibit cancer cell growth

. Interfering with cell proliferation and tumour progression by binding to growth factor receptors;
. Modifying inflammation and carcinogenesis by inhibiting nitric oxide production.

. Inhibiting tumour promotion by decreasing activator protein.

. Suppressing angiogenesis through inhibition of IL-8.

Cheng K, Chi NN, Liu JD. 2019. Green tea extract for treatment of cancers: A systematic review protocol.
Medicine (Baltimore). 98(15):e15117.

ABSTRACT
Background: Previous clinical studies suggested that green tea extract (GTE) may benefit patients with a variety of cancers. However,
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its efficacy is still inconclusive. Thus, the objective of this study will systematically collate the clinical studies testing its efficacy and
safety for cancers.

Methods: We will perform a systematic review of clinical studies assessing the efficacy of GTE in variety of cancers. We will search
Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, MEDILINE, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Allied and Complementary Medicine Database (AMED), and Chinese Biomedical Literature Database (CBM) using
a comprehensive strategy. We will also screen the reference lists of relevant studies to identify any additional studies for potential
inclusion. All databases will be searched up to February 1, 2019. All eligible case-control studies and randomised controlled trials will be
included in this study. Two independent authors will review all searched literature. Upon inclusion of trials, we will extract data by using
a predefined standardized form. The risk of bias assessment will be evaluated by using Cochrane risk of bias tool. We will use RevMan
5.3 software to pool the data and carry out meta-analysis.

Results: The primary outcome includes overall response rate. The secondary outcomes comprise of overall survival, progressionfree
survival, the disease control rate, and any adverse events.

Conclusions: The results of this study will contribute to the understanding of the efficacy of GTE in the setting of cancers and promote
future research of GTE in patients with cancers

Extract from article

Previous studies have reported that highest green tea intake can significantly lower cancer risk. It contains several catechin
components, also known as green tea extracts (GTE), including Epigallocatechin gallate, Epigallocatechin, Epicatechin-3-gallate,
and Epicatechin. Several preclinical studies of green tea and its components are reported to show promising efficacy for the growth
inhabitation of tumours with fewer adverse events

Wu KM, Yao J, Boring D. 2011. Green tea extract-induced lethal toxicity in fasted but not in nonfasted canine.
Int J Toxicol. 2011 Feb;30(1):19-20.

ABSTRACT

Recent chronic toxicity studies performed on green tea extracts in fasted canine have revealed some unique dose-limiting lethal

liver, gastrointestinal, and renal toxicities. Key findings included necrosis of hepatic cells, gastrointestinal epithelia and renal tubules,
atrophy of reproductive organs, atrophy and necrosis of hematopoietic tissues, and associated hematological changes. The

polyphenol cachetins (a mixture of primarily Epigallocatechin gallate (55%); plus up to 10% each of Epigallocatechin, epicatechin,

and Epigallocatechin gallate) appeared to be the causative agents for the observed toxicities because they are the active ingredients
of green tea extract studied. Conduct of the study in nonfasted canine under the same testing conditions and dose levels showed
unremarkable results. Assuming both studies were valid, at the identified no observed adverse effect levels (NOAEL) of each study,
systemic exposures (based on area under the curve (AUC)) were actually lower in fasted than nonfasted canine, suggesting that fasting
may have rendered the target organ systems potentially more vulnerable to the effects of green tea extract. The toxicity mechanisms
that produced lethality are not known, but the results are scientifically intriguing. Because tea drinking has become more popular in
the United States and abroad, the mode of action and site of action of green tea extractinduced lethal toxicities during fasting and the
role of other phytochemical components of Folia Camellia sinensis (including nonpolyphenol fractions, which are often consumed when
whole-leaf products are presented) warrant further investigation.

Astralagus polysaccharides

Int J Biol Macromol . 2020 Feb 15:145:985-997

Characterization and anti-tumour bioactivity of astragalus polysaccharides by immunomodulation Wenfang Li 1, Xueyan Hu 1, Shuping
Wang 2, Zeren Jiao 3, Tongyi Sun 4, Tianging Liu 1, Kedong Song 5

ABSTRACT

Astragalus polysaccharide (APS) has attracted growing interests in the field of anti-cancer by direct killing effect and improving
immune function. In this study, the structure and composition of APS was determined, following the evaluation of in vitro and in vivo
anti-tumour activity of APS targeted macrophages and host immune system based on immunoregulated strategy. The results indicated
that APS had no direct cytotoxicity against 4T1 cells, but APS mediated macrophages could significantly inhibit the growth of 4T1
cells by the induction of cell cycle arrest (G2 phase) and cell apoptosis. APS mediated macrophages promoted the apoptosis of 4T1
cells mainly through the mitochondrial apoptosis pathway. The in vivo findings demonstrated that APS could markedly improve the
thymus index and spleen index, and restore the structure of the damaged thymus and spleen tissue. APS could significantly enhance
the proliferation of spleen lymphocytes and increase phagocytosis of peritoneal macrophages in mice. Furthermore, APS was capable
of up-regulating the expression of IL-2, TNF-a and IFN- in peripheral blood. APS combined with 5-FU could improve the anti-tumour
effect accompanied by the immunosuppressive alleviation of 5-FU on immune system, which may be suitable as an immune adjuvant
for chemotherapy.

Qiu H, Cheng G, Xu J, Zhang N, Liu F, Zhu X, Zhao J, Zhang Y. 2010. Effects of Astragalus Polysaccharides on Associated Immune Cells
and Cytokines in Immunosuppressive Canine. Procedia in Vaccinology. 2(1):26-33.

ABSTRACT

The aim of this study was to determine the effects of Astragalus Polysaccharide (APS) on associated Immunity Cells and Cytokines

in the immunosuppressive canine and its dose-effect correlation. One hundred two-month-old male Chinese Countryside Canine
were randomly assigned to five groups: Control group (CG), immunosuppressive group (IG), APS low dose group (50 mg/kg, LDG),
APS median dose group (100 mg/kg, MDG), and APS high dose group (200 mg/kg, HDG), each group with twenty animals. After
successfully established the dexamethasone-induced immunosuppressive models, with intravenous administer the CG and |G groups
were daily dosed with saline, and the other three groups were daily dosed with APS for 7 days. On day 4 and 11 venous blood samples
were collected and analysed to determine the percentages of peripheral blood ANAE+ T lymphocytes, CD4+ , CD8+ cells and CD4+
/CD8+ ratio; the phagocytic index and percentage of the peritoneal macrophages; and the contents of INF-J and IL-2. After 7 days
administration, the measured parameters as described above in three treated groups increased significantly.
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Ashwagandha (Withania somnifera)

Mehta V, Chander H, Munshi A. 2021. Mechanisms of Anti-Tumour Activity of Withania somnifera (Ashwagandha).
Nutr Cancer. 73(6):914-926.

ABSTRACT

Increasing herbal formulations have been used to treat several diseases including cancer. W. somnifera (Ashwagandha) is one such
plant the extracts of which have been tested against a number of ailments including cancer, which remains as one of the most dreadful
diseases on the globe. The ever-increasing number of cancer related mortality demands the development of novel chemopreventive
agents with minimum side effects. Different compounds isolated from various parts of the plant like root, stem, and leaves have been
reported to display significant anti-cancerous and immunomodulating properties and thus can be used alone or in combination with
other chemotherapeutic drugs for cancer treatment. Through this review, we highlight the importance of W. somnifera in countering the
potential oncogenic signalling mediators that are modulated by active constituents of W. somnifera in a variety of cancer types. Further,
we hope that active constituents of W. somnifera will be tested in clinical trials so that they can be used as an important adjuvant in the
near future for the effective treatment of cancer.

Extract form article Withania somnifera suppresses various hallmark features of cancer. For example, it modulates genes involved in
inflammation; cell cycle arrest, apoptosis, invasion, and angiogenesis. It also enhances the activity of major tumour suppressors like p53,
Retinoblastoma (Rb) and other pro-apoptotic genes like Bax, Bim, and PARP.

Dutta R, Khalil R, Green R, Mohapatra SS, Mohapatra S. 2019. Withania Somnifera (Ashwagandha) and Withaferin A: Potential in
Integrative Oncology.
International Journal of Molecular Sciences. 20(21):5310.

ABSTRACT

Ashwagandha (Withania Somnifera, WS), belonging to the family Solanaceae, is an Ayurvedic herb known worldwide for its numerous
beneficial health activities since ancient times. This medicinal plant provides benefits against many human illnesses such as epilepsy,
depression, arthritis, diabetes, and palliative effects such as analgesic, rejuvenating, regenerating, and growth-promoting effects.
Several clinical trials of the different parts of the herb have demonstrated safety in patients suffering from these diseases. In the last
two decades, an active component of Withaferin A (WFA) has shown tremendous cytotoxic activity suggesting its potential as an anti-
carcinogenic agent in treatment of several cancers. In spite of enormous progress, a thorough elaboration of the proposed mechanism
and mode of action is absent. Herein, we provide a comprehensive review of the properties of WS extracts (WSE) containing complex
mixtures of diverse components including WFA, which have shown inhibitory properties against many cancers, (breast, colon, prostate,
colon, ovarian, lung, brain), along with their mechanism of actions and pathways involved.

Asian ginseng (Panax ginseng)

Philip Roudebush, Deborah J. Davenport, Bruce J. Novotny. 2004. The use of nutraceuticals in cancer therapy
Vet Clin Small Anim 34: 249-269

Extract from article
This herb induces cell differentiation, reduces the effects of chemical carcinogens, mitigates inflammatory carcinogenesis, induces
apoptosis, inhibits proliferation, and has proved beneficial in the treatment of a number of cancers in humans (Helms, 2004).

Kim S, Kim N, Jeong J, Lee S, Kim W, Ko S-G, Kim B. 2021. Anti-Cancer Effect of Panax Ginseng and Its Metabolites: From Traditional
Medicine to Modern Drug Discovery. Processes. 9(8):1344-1344

ABSTRACT

Cancer incidence and mortality rate are growing worldwide. The effectiveness of cancer therapy depends on the degree of cancer
development. Anticancer prevention, screening tests, detection of precancerous conditions or cancers at an early stage of development
help to prevent the development of cancer, and in the event of cancer development, they provide the best chance for a full recovery.
However, in most cases of advanced cancer, there is no method that can fully cure this disease. Recently, natural products have gained
more attention in cancer therapy. Panax ginseng (PG), one of the most popular natural products, is reported to have a wide range

of pharmacological activities in cancer. Therefore, the anti-cancer effects and mechanisms of PG and its metabolites (compound K,
Ginsenoside Rh1, Rh2, Rh3 and F1) in five major cancers (lung cancer, breast cancer, colon cancer, prostate cancer and stomach cancer)
are reviewed in this study. It is confirmed that PG and its metabolites regulated apoptosis, epithelial mesenchymal transition (EMT),
angiogenesis, cell cycle arrest and multidrug resistance (MDR) in vitro and in vivo cancer models. In particular, ginsenoside Rh2 showed
anticancer effects in all five major cancers. This review could improve the understanding of anticancer mechanisms of PG and its
metabolites against major five cancer.

Kweon K, Ahn JO, Song WJ, Li Q, Lee BY, Chae HK, Youn HY. 2019. Antitumour effects of SB injection in canine osteosarcoma and
melanoma cell lines.
In Vitro Cell Dev Biol Anim. 55(1):7-16.

ABSTRACT

The present study was designed to evaluate the effect of SB injection, which is composed of extracts from the roots of Pulsatilla
koreana, Panax ginseng, and Glycyrrhiza glabra, on the viability of canine osteosarcoma and melanoma cells and nonneoplastic canine
cells. Cells were treated with SB injection, conventional chemotherapeutic drugs, or a combination of both at various concentrations.
Cellular viability was evaluated using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Flow cytometry

was used to evaluate the cell cycle and apoptosis. SB injection inhibited the growth of osteosarcoma and melanoma cells in a dose-
dependent manner. The cell cycle of the affected cells was arrested in the G2/M phase, indicating an anti-proliferative effect. SB
injection dose-dependently increased the rate of apoptosis. Furthermore, we found that combining SB injection with chemotherapeutic
drugs resulted in a greater reduction in canine malignant cell proliferation than either treatment alone. SB injection did not affect the
viability of peripheral blood mononuclear cells regardless of concentration, which suggested that SB injection did not suppress the
activity of normal cells. This study suggested that SB injection can be considered an effective alternative medication for animal cancers
in veterinary medicine.
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Rosemary Extract (Rosmarinus officinalis)

Allegra A, Tonacci A, Pioggia G, Musolino C, Gangemi S. 2020. Anticancer Activity of Rosmarinus officinalis L.: Mechanisms of Action
and Therapeutic Potentials. Nutrients. 10;12(6):1739.

ABSTRACT

Alternative treatments for neoplastic diseases with new drugs are necessary because the clinical effectiveness of chemotherapy

is often reduced by collateral effects. Several natural substances of plant origin have been demonstrated to be successful in the
prevention and treatment of numerous tumours. Rosmarinus officinalis L. is a herb that is cultivated in diverse areas of the world.
There is increasing attention being directed towards the pharmaceutical capacities of rosemary, utilised for its anti-inflammatory,
anti-infective or anticancer action. The antitumour effect of rosemary has been related to diverse mechanisms, such as the antioxidant
effect, antiangiogenic properties, epigenetic actions, regulation of the immune response and anti-inflammatory response, modification
of specific metabolic pathways, and increased expression of onco-suppressor genes. In this review, we aim to report the results

of preclinical studies dealing with the anticancer effects of rosemary, the molecular mechanisms related to these actions, and the
interactions between rosemary and anticancer drugs. The prospect of utilising rosemary as an agent in the treatment of different
neoplastic diseases is discussed. However, although the use of rosemary in the therapy of neoplasms constitutes a fascinating field of
study, large and controlled studies must be conducted to definitively clarify the real impact of this substance in clinical practice.

Extract from article

The anticancer activity of rosemary and its main derivatives has been correlated with diverse actions, including antioxidant effects,
antiangiogenic properties, epigenetic action, the regulation of immune response and anti-inflammatory response, alteration of hormone
signalling, modification of specific metabolic pathways and increased expression of onco-suppressor genes. Rosemary has been
primarily recognized as a possible anticancer drug mainly for its antioxidant activity. In fact, it has the capacity to act on free radicals,
and could defend against their oxidative damage of DNA, proteins, and lipids, although, as subsequently observed, the derivatives

of rosemary are, in some conditions, capable of inducing a cytotoxic effect precisely through the release of reactive oxygen species
(ROS). Besides its scavenging action, RE has also been stated to control intracellular antioxidant systems, by stimulating the activation
of nuclear transcription factor (Nrf)2 target genes and augmenting the glutathione level, with an increase in its reduced form (GSH)
compared with that of its oxidized form (GSSG)

Levine CB, Bayle J, Biourge V, Wakshlag JJ. 2017. Cellular effects of a turmeric root and rosemary leaf extract on canine neoplastic cell
lines.
BMC Vet Res. 13(1):38

ABSTRACT

Background: The use of nutraceuticals is gaining in popularity in human and canine oncology with a relatively limited understanding

of the effects in the vastly different tumour types seen in canine oncology. We have previously shown that turmeric root (TE) and
rosemary leaf (RE) extracts can work synergistically to reduce neoplastic cell growth, but the mechanisms are poorly understood and
require further elucidation.

Results: Three different canine cell lines (C2 mastocytoma, and CMT-12 mammary carcinoma, D17 osteosarcoma) were treated with 6.3
Qg mL 1extract individually, or 3.1 Qg mL 1 of each extract in combination based on studies showing synergy of these two extracts.
Apoptosis, antioxidant effects, cellular accumulation of curcumin, and perturbation of signalling pathways were assessed. The TE + RE
combination treatment resulted in Caspase 3/7 activation and apoptosis in all cell lines, beyond the effects of TE alone with the CMT-12
cell line being most susceptible. Both extracts had antioxidant effects with RE reducing reactive oxygen species (ROS) by 40-50% and
TE reducing ROS by 80-90%. In addition RE treatment enhanced the c-jun N-terminal kinase (JNK) activity in the C2 cell line and TE

+ RE exposure increased activated JNK by 4-5 times in the CMT-12 cell line. Upon further examination, it was found that RE treatment
caused a significant increase in the cellular accumulation of curcumin by approximately 30% in the C2 and D17 cell lines, and by 4.8-fold
in the CMT-12 cell line. This increase in intracellular curcumin levels may play a role in the synergy exhibited when using TE and RE in
combination.

Conclusions: The use of RE in combination with TE induces a synergistic response to induce apoptosis which is better than either
extract alone. This appears to be related to a variable increased TE uptake in cells and activation of pathways involved in the apoptotic
response.

Curcumin

Levine CB, Bayle J, Biourge V, Wakshlag JJ. 2017. Cellular effects of a turmeric root and rosemary leaf extract on canine neoplastic cell
lines.
BMC Vet Res. 13(1):38

A Deveci Ozkan, G Guney Eskiler, O Turna, Kazan N, E Sozen Kucukkara, A Baykal, Sonmez K. 2021. The anti-proliferative and apoptotic
effects of curcumin on feline mammary gland tumour cells.
PubMed. 22(3):222-229.

ABSTRACT

Background: Feline mammary gland tumours (FMGTs) are the third most diagnosed tumours in feline. Feline mammary gland tumours
have aggressive biological behaviour and poor response to both surgical and medical treatments, thus, new therapeutic approaches are
essential to improve. Curcumin (CUR) is a polyphenol component exhibiting anti-cancer effects and induces apoptosis through different
mechanisms especially in human breast cancer. However, there is no study investigating the effects of CUR on FMGTs.

Aims: The aim of this study was to determine the anti-proliferative and apoptotic effects of CUR on primary cell lines from FMGT tissue
samples of two cases classified as carcinoma-simple, tubular type (grade II1).

Methods: The cytotoxic effect of CUR was determined by water-soluble tetrazolium salt-1 (WST-1) assay. Annexin V, cell cycle, and
acridine orange (AO) analyses were performed to determine the apoptotic effect of CUR. Results: Our results showed that CUR had an
anti-proliferative and apoptotic effect through induction of apoptosis and cell cycle arrest (GO/G1) on FMGT cells.

Conclusion: Therefore, this is the first study that shows the effects of CUR on FMGTs. However, further molecular studies are required to
compare the effects of CUR on different histopathological phenotypes and to determine the further molecular mechanisms including
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the potential apoptotic and cellular pathways affected by CUR.

Extract from article
Curcumin exhibits an immunomodulatory effect through suppressing the AP-1 and NF B activities as pro-inflammatory transcription
factors in the proliferation of breast cancer cells.

Ko J-H, Sethi G, Um J-Y, Shanmugam MK, Arfuso F, Kumar AP, Bishayee A, Ahn KS. 2017. The Role of Resveratrol in Cancer Therapy.
International Journal of Molecular Sciences. 18(12).

ABSTRACT

Natural product compounds have recently attracted significant attention from the scientific community for their potent effects against
inflammation-driven diseases, including cancer. A significant amount of research, including preclinical, clinical, and epidemiological
studies, has indicated that dietary consumption of polyphenols, found at high levels in cereals, pulses, vegetables, and fruits, may
prevent the evolution of an array of diseases, including cancer. Cancer development is a carefully orchestrated progression where
normal cells acquires mutations in their genetic makeup, which cause the cells to continuously grow, colonize, and metastasize to other
organs such as the liver, lungs, colon, and brain. Compounds that modulate these oncogenic processes can be considered as potential
anti-cancer agents that may ultimately make it to clinical application. Resveratrol, a natural stilbene and a non-flavonoid polyphenol, is
a phytoestrogen that possesses anti-oxidant, anti-inflammatory, cardioprotective, and anti-cancer properties. It has been reported that
resveratrol can reverse multidrug resistance in cancer cells, and, when used in combination with clinically used drugs, it can sensitize
cancer cells to standard chemotherapeutic agents. Several novel analogs of resveratrol have been developed with improved anti-
cancer activity, bioavailability, and pharmacokinetic profile. The current focus of this review is resveratrol’s in vivo and in vitro effects
in a variety of cancers, and intracellular molecular targets modulated by this polyphenol. This is also accompanied by a comprehensive
update of the various clinical trials that have demonstrated it to be a promising therapeutic and chemopreventive agent.

Extract from article

Tumour promotion involves clonally enlarging initiated cells to create a continuously proliferating, premalignant lesion. Tumour
promoters generally alter gene expression, resulting in increased cell proliferation and decreased death of cells. Studies conducted in
vitro have discovered that resveratrol exerts an anti-proliferative activity by inducing apoptosis.

Tumour progression involves several processes such as that lead to tumour metastasis. Several genes are mutated or deleted that
sustain the development of aggressive tumours. The invasion and metastasis of cancer cells involve the destruction of the extracellular
matrix (ECM) and basement membrane, by proteolytic enzymes, such as matrix metalloproteinases (MMPs). Of these enzymes, MMP-2
and MMP-9 are overexpressed within a variety of malignant tumours modulating cell invasion and metastasis.

During angiogenesis, endothelial cells can be stimulated by various growth factors, including fibroblast growth factor (FGF) and VEGF,
and travel to where the new blood vessels are required. Blocking the development of new blood vessels causes the supply of nutrients
and oxygen to be reduced and, as a result, the size of the tumour and metastasis may also be reduced. It has been suggested that
resveratrol plays a role in inhibiting the expression of MMP (mainly MMP-9) and angiogenesis markers such as VEGF, EGFR or FGF-2.

Carlson A, Alderete KS, Grant MKO, Seelig DM, Sharkey LC, Zordoky BNM. 2018. Anticancer Effects of Resveratrol in Canine
Hemangiosarcoma Cell Lines.
Veterinary and comparative oncology. 16(2):253-261

ABSTRACT

Hemangiosarcoma (HSA) is a highly malignant tumour with aggressive biological behaviour. HSAs are more common in canine

than other domestic animals. The median survival time of canine with HSA remains short, even with chemotherapy and surgery.
Therefore, there is a critical need to improve the adjuvant chemotherapeutic regimens to improve clinical outcomes in canine with
HSA. Resveratrol has been shown to possess strong anti-proliferative and/or pro-apoptotic properties in human cancer cell lines.
Nevertheless, the potential anticancer effects of resveratrol have not been reported in canine HSAs. The objective of this study is to
determine the growth inhibitory effects of resveratrol in HSA cells when used alone or in combination with doxorubicin, a commonly
used chemotherapeutic agent. Frog and DD-1 canine HSA cell lines were treated with varying concentrations of resveratrol with and
without doxorubicin. Cell viability was measured by the MTT assay. The expression of apoptotic proteins, activation of p38 mitogen-
activated protein kinase (MAPK), AMP-activated protein kinase (AMPK) and extracellular signal-regulated kinase 1/2 (ERK1/2) were
assessed by western blotting. Similar to human cancer cell lines, resveratrol markedly inhibited the growth and induced apoptosis in
both HSA cell lines. Mechanistically, resveratrol activated p38 MAPK, but did not affect the AMPK or the ERK1/2 pathways. Additional
experiments showed that resveratrol augmented the growth-inhibitory and apoptotic effects of doxorubicin in both HSA cell lines.
These findings suggest that resveratrol has pro-apoptotic effects in canine HSA cells; therefore, its use as a potential adjunct therapy in
canine HSA patients warrants further investigation.

Extract from article

Resveratrol concentrations as low as 20 and 50 QM, significantly reduced cell viability in Frog and DD-1 cells, respectively. These
concentrations are clinically relevant, since plasma levels of 20 to 50 QM have been safely achieved with oral doses of 600 to

1200 mg/kg/day administered to beagle canine, suggesting a translational potential of our current findings. In this safety study, no
treatment-related mortality or clinical signs of toxicity were observed after 13 weeks of resveratrol administration with no changes in
histopathology or organ weights. However, there was a significant decrease in body weight due to decreased food consumption, and an
increase in inflammatory infiltrates in the urinary bladders and kidney in canine receiving 1200 mg/day.

Astaxanthin

Zhang L, Wang H. Multiple Mechanisms of Anti-Cancer Effects Exerted by Astaxanthin.
Mar Drugs. 2015 Jul 14;13(7):4310-30.

ABSTRACT
Astaxanthin (ATX) is a xanthophyll carotenoid which has been approved by the United States Food and Drug Administration (USFDA)
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as food colourant in animal and fish feed. It is widely found in algae and aquatic animals and has powerful anti-oxidative activity.
Previous studies have revealed that ATX, with its anti-oxidative property, is beneficial as a therapeutic agent for various diseases
without any side effects or toxicity. In addition, ATX also shows preclinical anti-tumour efficacy both in vivo and in vitro in various
cancer models. Several researches have deciphered that ATX exerts its anti-proliferative, anti-apoptosis and anti-invasion influence
via different molecules and pathways including signal transducer and activator of transcription 3 (STAT3), nuclear factor kappa-light-
chain-enhancer of activated B cells (NF- B) and peroxisome proliferator-activated receptor gamma (PPAR ). Hence, ATX shows great
promise as chemotherapeutic agents in cancer. Here, we review the rapidly advancing field of ATX in cancer therapy as well as some
molecular targets of ATX.

Extracts from article

Anti-Proliferation of Cells

Tumour formation is characterized by rapid proliferation of cancer cells. Cancer cells proliferate promotes its invasion, migrate and
adhere to target tissue. These steps allow the tumour cell to obtain metastatic phenotype. Cell proliferation depends on the signals
transmitted by growth factors and adhesion proteins and is usually regulated by signalling pathway such as mitogen-activated protein
kinase (MAPK) and phosphatidylinositide 3-kinases (PI3K) cascades. The effect of ATX on cell proliferation in cancer cells has been
explored by many researchers. Song et al. have observed the anti-proliferative effect of ATX against CBRH-7919 (human hepatoma),
SHZ-88 (rat breast) and Lewis (mouse lung) cells. They reported a strong correlation between ATX concentration and anti-proliferative
effect on these cells

Apoptosis

Apoptosis is the process of programmed cell death (PCD) that takes place in multicellular organisms and comprises of many cellular
events including nuclear fragmentation, cellular blebbing, chromosomal DNA fragmentation and ultimately cell death . In physiological
state, apoptosis is carried out in a regulated process, conferring advantage during an organisms life cycle occur. However, if apoptosis
occurs in tumour cells, the tumour volume would decline, thus diminishing tumour burden and raising life expectancy. In this regard, the
effect of ATX on apoptosis is of interest and has been studied by researchers.

Anti-Oxidation

Oxidative stress is initiated by the production of free radicals and reactive oxygen species (ROS). Redox imbalance, due to aberrant
ROS production and/or anti-oxidant functionality, contributes to tumour progression and is a hallmark of several types of cancer. ROS
may participate in cancer initiation, progression and spreading acting as secondary messengers in the activation and maintenance of
specific signalling pathways.

Invasion and Migration

Invasion and migration are two pivotal processes in the development of cancer. To invade surrounding tissue and metastasize,
malignant cancer cells break away from the primary tumour, attach to and degrade proteins that make up the surrounding extracellular
matrix (ECM). Then cancer cells escape the original tumour site and migrate to other parts of the body via the lymphatic system,
bloodstream or by direct extension. In this process, matrix metalloproteinases (MMPs) play a crucial role. MMPs are zinc-binding
endopeptidases that can promote tumour cell migration and invasion by breakdown of the ECM. In contrast, tissue inhibitor of
metalloproteinases (TIMPs) are the encanineenous inhibitors of the zinc-dependent endopeptidases of the MMPs. In a hamster model
of oral cancer, Kowshik et al. (27) studied the effects of ATX on the expression of MMP-2 and MMP-9. These MMPs were overexpressed
in cancer cells and degraded ECM during cancer invasion. ATX treatment resulted in decreased mRNA and protein levels of MMP-2 and
MMP-9.

Concluding Remarks

A growing number of studies show that ATX emerges as a key player in cancer therapy. It also influences a multitude of molecular and
cellular processes. In this review, we have described the effects of ATX on cancer as well as some molecular targets of ATX involved

in cancer-associated processes (such as apoptosis and inflammation). These observations make ATX an attractive therapeutic agent
for developing novel treatment protocols, and possibly for combining with other chemotherapeutics to overcome drug resistance and
achieve better outcomes.

Faraone |, Sinisgalli C, Ostuni A, Armentano MF, Carmosino M, Milella L, Russo D, Labanca F, Khan H. 2020. Astaxanthin anticancer
effects are mediated through multiple molecular mechanisms: A systematic review.
Pharmacological Research. 155:104689

ABSTRACT

During the latest decades, the interest on the effectiveness of natural compounds and their impact on human health constantly
increased, especially on those demonstrating to be effective on cancer. Molecules coming from nature are currently used in
chemotherapy like Taxol, Vincristine or Vinblastine, and several other natural substances have been showed to be active in reducing
cancer cell progression and migration. Among them, astaxanthin, a xanthophyll red coloured carotenoid, displayed different biological
activities including, antinflammatory, antioxidant, proapoptotic, and anticancer effects. It can induce apoptosis through downregulation
of antiapoptotic protein (Bcl-2, p-Bad, and survivin) expression and upregulation of proapoptotic ones (Bax/Bad and PARP). Thanks
to these mechanisms, it can exert anticancer effects towards colourectal cancer, melanoma, or gastric carcinoma cell lines. Moreover,
it possesses antiproliferative activity in many experimental models and enhances the effectiveness of conventional chemotherapic
drugs on tumour cells underling its potential future use. This review provides an overview of the current knowledge on the anticancer
potential of astaxanthin by modulating several molecular targets. While it has been clearly demonstrated its multitarget activity in the
prevention and regression of malignant cells in in vitro or in preclinical investigations, further clinical studies are needed to assess its
real potential as anticancer in humans.

Vitamin E

Jiang Q. 2017. Natural Forms of Vitamin E as Effective Agents for Cancer Prevention and Therapy.
Adv Nutr. 15;8(6):850-867.

ABSTRACT
Initial research on vitamin E and cancer has focused on a-tocopherol (aT), but recent clinical studies on cancer-preventive effects of aT
supplementation have shown disappointing results, which has led to doubts about the role of vitamin E, including different vitamin E
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forms, in cancer prevention. However, accumulating mechanistic and preclinical animal studies show that other forms of vitamin E, such
as g-tocopherol (gT), d-tocopherol (dT), g-tocotrienol (9TE), and d-tocotrienol (dTE), have far superior cancer-preventive activities
than does aT. These vitamin E forms are much stronger than aT in inhibiting multiple cancer-promoting pathways, including cyclo-
oxygenase (COX)- and 5-lipoxygenase (5-LOX)-catalysed eicosanoids, and transcription factors such as nuclear transcription factor kB
(NF-kB) and signal transducer and activator of transcription factor 3 (STAT3). These vitamin E forms, but not aT, cause pro-death or
antiproliferation effects in cancer cells via modulating various signalling pathways, including sphingolipid metabolism. Unlike aT, these
vitamin E forms are quickly metabolized to various carboxychromanols including 139-carboxychromanols, which have even stronger
anti-inflammatory and anticancer effects than some vitamin precursors. Consistent with mechanistic findings, gT, dT, gTE, and dTE,

but not aT, have been shown to be effective for preventing the progression of various types of cancer in preclinical animal models.

This review focuses on cancer-preventive effects and mechanisms of gT, dT, gTE, and dTE in cells and preclinical models and discusses
current progress in clinical trials. The existing evidence strongly indicates that these lesser known vitamin E forms are effective agents
for cancer prevention or as adjuvants for improving prevention, therapy, and control of cancer.

Abraham A, Kattoor AJ, Saldeen T, Mehta JL. Vitamin E and its anticancer effects.
Crit Rev Food Sci Nutr. 2019;59(17):2831-2838.

ABSTRACT

Vitamin E is a lipid soluble vitamin comprising of eight natural isoforms, namely ,alpha, beta, delta and gamma isoforms of tocopherol
and a, b, d, c isoforms of tocotrienol. Many studies have been performed to elucidate its role in cancer. Until last decade, major focus
was on alpha tocopherol and its anticancer effects. However, major clinical trials using alpha-tocopherol like SELECT trial and ATBC trial
did not yield meaningful results. Hence there was a shift of focus to gamma-tocopherol, delta tocopherol and tocotrienol. Unlike alpha-
tocopherol, gamma-tocopherol and delta-tocopherol can scavenge reactive nitrogen species in addition to reactive oxygen species.
Antiangiogenic effect, inhibition of HMG CoA reductase enzyme and inhibition of NF-jB pathway make the anti-cancer effects of
tocotrienols unique compared to other vitamin E isoforms. Preclinical research on non alpha tocopherol isoforms of vitamin E showed
promising data on their anticancer effects. In this review, we deal with the current understanding on the potential mechanisms involved
in the anti cancer effects of vitamin E and the controversies in this field over last three decades. We also highlight the need to conduct
further research on the anticancer effects of non-alpha-tocopherol isoforms in larger population and clinical setting.

Extracts from article

The relationship between cancer risk and vitamin E has been studied in various epidemiological studies. The anticancer effects of
vitamin E has been attributed mainly to its anti-oxidant, anti-inflammatory, anti-proliferative, anti-angiogenic, immune modulatory
mechanisms and the inhibition of HMG CoA reductase enzyme.

Vitamin C

Magri A, Germano G, Lorenzato A, et al. 2020. A. High-dose vitamin C enhances cancer immunotherapy.
Sci Transl Med. 26;12(532)

ABSTRACT

Vitamin C (VitC) is known to directly impair cancer cell growth in preclinical models, but there is little clinical evidence on its
antitumoural efficacy. In addition, whether and how Vit C modulates anticancer immune responses is mostly unknown. Here, we show
that a fully competent immune system is required to maximise the antiproliferative effect of VitC in breast, colourectal, melanoma, and
pancreatic murine tumours. High-dose VitC modulates infiltration of the tumour microenvironment by cells of the immune system and
delays cancer growth in a T cell-dependent manner. Vit C not only enhances the cytotoxic activity of adoptively transferred CD8 T cells
but also cooperates with immune checkpoint therapy (ICT) in several cancer types. Combination of Vit C and ICT can be curative in
models of mismatch repair-deficient tumours with high mutational burden. This work provides a rationale for clinical trials combining
ICT with high doses of Vitamin C.

Beta-Glucan

Murphy EA, Davis JM, Carmichael MD. 2010. Immune modulating effects of Beta-Glucan.
Current Opinion in Clinical Nutrition and Metabolic Care. 13(6):656-661.

ABSTRACT
Purpose of review. To examine the recent scientific literature on the immune modulating effects of Beta-Glucans and subsequent
benefits on infection and cancer.

Recent findings.: Beta-Glucans have been investigated for their ability to protect against infection and cancer and more recently for
their therapeutic potential when combined with cancer therapy. Their immune modulating effects are attributed to the ability to bind
to pattern recognition receptors including complement receptor 3, scavenger receptors, lactosylceramide, and dectin-1 that results

in activation of different aspects of the immune response depending on the cell types and species involved although there is some
controversy about the relative importance of each of these receptors. Most of the available evidence comes from preclinical data and
human studies are just now beginning to appear in the literature, therefore firm conclusions on its clinical importance cannot yet be
made. Perhaps the most promising evidence to date in human trials has come from recent studies on a benefit of Beta-Glucan on
quality of life and survival when given in combination with cancer treatment. We identify the need for future studies that compare
purified forms of Beta-Glucans from different sources to further the understanding of the mechanisms of action and aid in the
development of clinical studies.

Summary: Beta-Glucans appear to be effective at enhancing immune function and reducing susceptibility to infection and cancer. A

better understanding of the mechanisms of Beta-Glucan recognition and subsequent immune activation is necessary for the design of
effective treatment approaches in future clinical trials.
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ANTIMICROBIAL, ANTI-
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INGREDIENTS

PROPRIETARY BLEND OF:
Proprietary blend of:
Medical Grade MCT OQil
Dimethyl Sulfoxide

Borax
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« Antimicrobial, anti-inflammatory
ear cleansing preparation for use
in dogs and cats.

@G

FOR ANIMAL TREATMENT ONLY

INDICATIONS AND USAGE

Routine cleansing of the external ear
and ear canal, particularly for cleansing
of moist, waxy, or odiferous ears.
Removal of necrotic tissue and debris
from ear lesions. Prior to application

of other medication or therapy in the
management of otitis externa.

DOSAGE

Instil 1-2ml in ears. Gently massage
the base of the ear and wipe excess of
product. Do not use cotton buds.

THERACEUTICALS

ADVANTAGES

@ Antifungal, antibacterial,
and anti-inflammatory
effects
@ Creates an acidic
environment in the ear
canal, inhibiting the growth
of bacteria and fungi

@ Dissolves excess earwax,
reducing the risk of bacterial

and fungal infections

PACKAGING

® 15ml
® 100ml

VetsBrands

Quality assured by Vets
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0TOFOCUS

Dear Veterinarian,

OtoFocus, a next-generation, evidence-based otic cleansing formulation designed specifically for canine and feline. OtoFocus combines
antimicrobial, antifungal, keratolytic, anti-inflammatory and penetration-enhancing agents into a single, easyto-use preparation for
routine aural hygiene and supportive management of otitis externa.

OtoFocus combines antimicrobial, antifungal, keratolytic, anti-inflammatory, and penetration-enhancing agents into a single, easy-to-
use preparation for routine aural hygiene and supportive management of otitis externa.

OtoFocus is indicated for the routine cleansing of the external ear canal, particularly in moist, waxy, or malodorous ears, and for the
removal of necrotic tissue and debris prior to the application of other topical therapies. Its unique blend of scientifically supported raw
materials enhances the health of the external ear canal through multiple synergistic mechanisms. The formulation contains medical-
grade MCT oil, DMSQO, salicylic acid, borax, thyme oil, and camphor oil, each included at scientifically rational concentrations.

Detailed scientific summaries of the key ingredients are provided below.

The benefits of OtoFocus include:

*« MCT oil contributes antimicrobial, antifungal, anti-inflammatory and wound-healing properties.

« DMSO enhances penetration of active compounds and reduces inflammation.

* Borax acidifies the ear canal to suppress microbial growth.

¢ Salicylic acid provides keratolytic action, reducing cerumen accumulation and microbial load.

* Thyme oil, rich in carvacrol, exhibits broad-spectrum activity against Malassezia and Pseudomonas, two of the most important
pathogens in otitis externa.

« Camphor oil contributes additional antimicrobial and soothing effects.

OtoFocus is formulated to assist Veterinarians in the preparation of the ear canal before applying antifungal, antibacterial, anti-
inflammatory or parasitic treatments, ultimately improving therapeutic efficacy and supporting long-term aural health.

As with all other VetsBrands products OtoFocus is also Vet-Only ad infinitum available to you as a Veterinarian.
Regards

Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)
Extracts of Scientific Publications
MCT OIL (Medium-Chain Triglycerides)

Huang CB, Alimova Y, Myers TM, Ebersole JL. 2011. Short- and medium-chain fatty acids exhibit antimicrobial activity for oral
microorganisms.
Archives of Oral Biology. 56(7):650-654.

ABSTRACT
Objectives: This study assessed the antibacterial activity of short-, medium-, and long-chain fatty acids against various oral
microorganisms.

Methods: The short-chain fatty acids (formic acid (C1), acetic acid (C2), propionic acid (C3), butyric acid (C4), isobutyric acid (C4),
isovaleric acid (C5), hexanoic acid (C6)), medium-chain fatty acids (octanoic acid (C8), capric acid (C10), lauric acid (12)), and long-
chain fatty acids (myristic acid (C14), palmitic acid (C16)), were investigated for antimicrobial activity against Streptococcus mutans,
Streptococcus gordonii, Streptococcus sanguis, Candida albicans, Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum,
and Porphyromonas gingivalis.

Results: The data demonstrated that the fatty acids exhibited patterns of inhibition against oral bacteria with some specificity that
appeared related more to the bacterial species that the general structural characteristics of the microorganism. As a group the fatty
acids were much less effective against C. albicans than the oral bacteria, with effectiveness limited to hexanoic, octanoic, and lauric
acids. Formic acid, capric, and lauric acids were broadly inhibitory for the bacteria. Interestingly, fatty acids that are produced at
metabolic end-products by a number of these bacteria, were specifically inactive against the producing species, whilst substantially
inhibiting the growth of other oral microorganisms.

Conclusions: The results indicate that the antimicrobial activity of short-chain fatty acids (SCFAs), medium-chain fatty acids (MCFAs),
long-chain fatty acids (LCFAs) could influence the microbial ecology in the oral cavity via at least 2 potential pathways. First, the agents
delivered exogenously as therapeutic adjuncts could be packaged to enhance a microbial-regulatory environment in the subgingival
sulcus. Second, it would be the intrinsic nature of these fatty acid inhibitors in contributing to the characteristics of the microbial
biofilms, their evolution, and emergence of species within the biofilms. Further studies on these functions are required to better
understand the nature of these potential microbial interactions in the biofilms.

Chew Y-L. 2019. The beneficial properties of virgin coconut oil in management of atopic dermatitis.
Pharmacognosy Reviews. 13(25):24

ABSTRACT
Atopic dermatitis (AD) is a chronic, inflammatory skin disease that is characterized by intense pruritus and eczematous lesions. It is
an increasingly pruritic inflammatory skin disorder which can affect both children and adults. Natural products offer great hope in the
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identification of bioactive lead compounds and their development into topical cream or ointment in manageing skin diseases which
are associated with inflammatory response. One of the most popular natural products which have been vastly used in manageing AD
is virgin coconut oil (VCO). VCO is extracted from the fresh and mature kernel of the coconut (Cocos nucifera L.) through wet and dry
methods, without altering the valuable phytochemicals and physiochemical properties of the oil. It possesses numerous health benefits
from the retained physiochemical properties from its triglycerides and medium chain fatty acids. The use of VCO in the management
of AD is one of the topical therapies which have been proven to have good therapeutic effects and it is safe for topical applications.
Studies have been proven that VCO exhibits antioxidant, anti-inflammatory, antibacterial, wound healing, and moisturising properties
which were extremely important in the management of AD.

Alyami HR, Wu Y, Aljughaiman A, Li T, Aimulhim A, Bliss JM, Xiao J. 2024. The effect of medium-chain triglycerides oil on Candida
albicans and Streptococcus mutans in planktonic and mucosal models.
Antibiotics. 13(12):1231. doi:10.3390/antibiotics13121231.

ABSTRACT

Despite MCT oil’s potential antimicrobial benefits for gastrointestinal health, its effects on disrupting cariogenic pathogens on oral
mucosal surfaces remain underexplored. This study evaluated the impact of MCT oil on the adhesion and invasion of Candida albicans
and Streptoccocus mutans using planktonic and mucosal models. First, a planktonic model was used to assess the impact of various
concentrations of MCT on the growth of S. mutans and C. albicans. Subsequently, a mucosal model was established by seeding TR-
146 human buccal mucosal epithelial cells on a 3 Qm porous transwell membrane, forming an epithelial barrier. MCT oil was then
applied to the epithelial barriers in different durations (10, 30, and 60 min). Subsequently, C. albicans and S. mutans were introduced
in the transwell and their adherence to the epithelial cells and their transmigration through the barriers was assessed using colony-
forming unit counts and the barrier integrity was assessed by trans epithelial electrical resistance (TEER). Furthermore, cytotoxicity of
MCT oil on mucosal cells was assessed by AlamarBlue assay. We found that higher MCT concentrations (90% and 100%) significantly
inhibited C. albicans and S. mutans growth in planktonic conditions. Additionally, MCT oil reduced S. mutans adhesion to epithelial cells,
highlighting its potential to interfere with bacterial attachment and colonisation to oral mucosa. However, the oil had limited effects on
C. albicans adhesion and transmigration. MCT demonstrated no cytotoxic effects on the viability of epithelial cells. The study findings
highlight the potential benefits of MCT oil, particularly in oral bacterial inhibition, for oral health applications.

DMSO (Dimethyl Sulfoxide)

Notman R, den Otter WK, Noro MG, Briels WJ, Anwar J. 2007. The Permeability Enhancing Mechanism of DMSO in Ceramide Bilayers
Simulated by Molecular Dynamics.
Biophysical Journal. 93(6):2056-2068

ABSTRACT

The lipids of the topmost layer of the skin, the stratum corneum, represent the primary barrier to molecules penetrating the skin.

One approach to overcoming this barrier for the purpose of delivery of active molecules into or via the skin is to employ chemical
permeability enhancers, such as dimethylsulfoxide (DMSO). How these molecules exert their effect at the molecular level is not
understood. We have investigated the interaction of DMSO with gel-phase bilayers of ceramide 2, the predominant lipid in the stratum
corneum, by means of molecular dynamics simulations. The simulations satisfactorily reproduce the phase behaviour and the known
structural parameters of ceramide 2 bilayers in water. The effect of DMSO on the gel-phase bilayers was investigated at various
concentrations over the range 0.0-0.6 mol fraction DMSO. The DMSO molecules accumulate in the headgroup region and weaken the
lateral forces between the ceramides. At high concentrations of DMSO (> or =0.4 mol fraction), the ceramide bilayers undergo a phase
transition from the gel phase to the liquid crystalline phase. The liquid-crystalline phase of ceramides is expected to be markedly more
permeable to solutes than the gel phase. The results are consistent with the experimental evidence that high concentrations of DMSO
fluidise the stratum corneum lipids and enhance permeability.

Karim M, Boikess RS, Schwartz RA, et al. 2023. Dimethyl sulfoxide (DMSO): a solvent that may solve selected cutaneous clinical
challenges.
Arch Dermatol Res. 315:1465-1472. doi:10.1007/s00403-022-02494-1.

ABSTRACT

Dimethyl sulfoxide (DMSO) is a clear, odourless liquid, inexpensively produced as a by-product of the wood pulp industry. DMSQO’s
unique chemical properties allow for its broad applications in a wide variety of cutaneous challenges. Widely available in the USA as a
solvent, DMSO is FDA-approved only for the treatment of interstitial cystitis and for use as a preservative for organ transplant. DMSO
readily penetrates and diffuses through biological membranes. At low concentrations, DMSO exhibits anti-inflammatory, analgesic,
diuretic, vasodilator, anti-platelet aggregation, radio-protective, and muscle-relaxing properties. DMSO is also a vigorous scavenger

of hydroxyl free radicals, which may explain its observed beneficial effects on skin rejuvenation and recovery from thermal injury.
DMSO has a relatively low level of toxicity. DMSO has shown promise in the off-label treatment of basal cell carcinoma, pressure ulcers,
scleroderma, herpes simplex, cutaneous fungal infections, and amyloidosis. The potential of DMSO to serve as an independent or
adjuvant topical treatment for these conditions is explored in this review.

BORAX (Sodium Borate)

Adriztina |, Adenin LI, Lubis YM. 2018. Efficacy of Boric Acid as a Treatment of Choice for Chronic Suppurative Otitis Media and Its
Ototoxicity.
Korean Journal of Family Medicine. 39(1):2.

ABSTRACT

Chronic suppurative otitis media (CSOM) is one of the most common chronic infectious diseases worldwide, especially affecting
children. The patients or the parents of the affected children are often worried about the cost of medical visits, prescription

medicines, or inconsistently effective medication. The complications of CSOM have been greatly reduced because of the development
of antibiotics; however, the irrational use of antibiotics has led to the emergence of organisms resistant to the commonly used

drugs. Owing to the increase in antibiotic resistance, the development of new treatments that will efficiently eradicate infectious
microorganisms has become imperative. Boric acid solutions are effective in the treatment of CSOM because of their acidic effect.
Various databases, such as the PubMed, The Cochrane Library, and SciELO, were searched for references related to the efficacy of boric
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acid in the treatment of mucosal CSOM, as well as its ototoxicity. The search revealed that boric acid is relatively effective in treating
CSOM, especially at a high concentration. Boric acid in distilled water was found safe in animal studies. However, the ototoxicity of boric
acid concentrations higher than 4% needs further evaluation, considering the effectivity of boric acid at high concentrations.

Aral K, Celik Giiler O, Cooper PR, Shoker S, Kuehne SA, Milward MR. 2020. Antimicrobial Effects of Boric Acid against Periodontal
Pathogens.
Journal of Ege University School of Dentistry. 41(1):20-25.

ABSTRACT

Purpose: Boron is a bioactive trace element found in humans and essential for the growth and maintenance of bone and also has
reported anti-inflammatory and antimicrobial activity. Boric acid is a well-characterised boron-containing compound which reportedly
can reduce periodontal inflammation. Thus, the aim of the current study was to evaluate the possible bactericidal and/or bacteriostatic
effects of boric acid on the periodontal pathogens: Fusobacterium nucleatum and Porphyromonas gingivalis.

Materials and Methods: Minimum inhibitory concentration (MIC) of boric acid on F. nucleatum (ATCC 10953) and P. gingivalis (ATCC
33277) were determined by the broth microdilution method. Overnight cultures were diluted to the following starting concentrations:
5x105 cfu/ml for F. nucleatum and 5x106 cfu/ml for P. gingivalis. After incubation for 48h at 37°C in an anaerobic cabinet the
absorbance of the cultures was measured. The minimum bactericidal concentration (MBC) was determined by plating an aliquot of the
cell suspensions on agar plates, and bacteria were counted after incubation at 37°C for 48 h under anaerobic conditions.

Results: Boric acid was able to inhibit the growth of F. nucleatum at a concentration of 780 nM and P. gingivalis at a concentration of
1.56 QM. The MBC of boric acid was 19 mM for F. nucleatum however using tested concentrations (75 mM-1nm) were insufficient to
provide an MBC for P. gingivalis.

Conclusion: Boric acid may be a possible candidate for providing local antimicrobial actions on periodontal pathogens and therefore
may have potential as a therapeutic intervention in the management of periodontal disease.

Unlt E. 2025. Clinical, cytological, and microbiological evaluation of a topical boric acid-alcohol solution for the treatment of canine
otitis externa: a randomised, open-label controlled clinical trial.
Vet Res Commun. 49:325. doi:10.1007/511259-025-10903-9.

ABSTRACT

Otitis externa (OE) is a common inflammatory condition frequently encountered in veterinary practice. This study aimed to evaluate the
efficacy of a topical 5% boric acid-alcohol (BAA) solution compared to a commercial ear cleanser (EpiOtic®) for treating canine OE.
Thirty client-owned canine with OE were enrolled in a randomised, open-label controlled clinical trial and assigned to two treatment
groups: Group | received BAA combined with EpiOtic®, and Group Il received EpiOtic® alone, both applied twice daily for 14 days.
Clinical assessments—including OTIS-3 scoring, secretion type, otoscopic findings, pain, pruritus, and cytology—were performed on
days O, 7, 14, and 21, with microbiological analyses on days O and 21. By day 21, treatment success was achieved in 93.3% of Group |
canine, compared to 26.7% in Group Il (p<0.001). Group | showed significant improvements in all clinical parameters (p<0.001), while
Group Il exhibited only modest changes. Cytology showed significantly better results in Group | on days 7 (p=0.002), 14, and 21 (both
p<0.001), with cytological success rates of 93.3% vs. 20% in Group Il. By day 21, microbiological analysis demonstrated complete fungal
eradication and near-complete bacterial clearance in Group |, with cultures confirming elimination of common pathogens including
Staphylococcus intermedius, Proteus mirabilis, Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, and Malassezia
pachydermatis. These findings indicate that BAA is a safe, effective, and economical alternative for manageing canine OE and may
contribute to antimicrobial stewardship by reducing the need for systemic therapies.

SALICYLICACID

Arif T. 2015. Salicylic Acid as a Peeling agent: a Comprehensive Review.
Clinical, Cosmetic and Investigational Dermatology. 8(2015):455-461.

ABSTRACT

Salicylic acid has been used to treat various skin disorders for more than 2,000 years. The ability of salicylic acid to exfoliate the
stratum corneum makes it a good agent for peeling. In particular, the comedolytic property of salicylic acid makes it a useful peeling
agent for patients with acne. Once considered as a keratolytic agent, the role of salicylic acid as a desmolytic agent, because of its
ability to disrupt cellular junctions rather than breaking or lysing intercellular keratin filaments, is now recognised and is discussed

here. Salicylic acid as a peeling agent has a number of INDICATIONS, including acne vulgaris, melasma, photodamage, freckles, and
lentigines. The efficacy and safety of salicylic acid peeling in Fitzpatrick skin types I-lll as well as in skin types V and VI have been well
documented in the literature. This paper reviews the available data and literature on salicylic acid as a peeling agent and its possible
INDICATIONS. Its properties, efficacy and safety, the peeling procedure, and possible side effects are discussed in detail. An account of
salicylism is also included.

Waitkevich KT. 2019. Analysis of Salicylic Acid Based Ear Wash Dilutions on Canine Otic Medication Microbicidal Effects on
Staphylococcus aureus and Pseudomonas aeruginosa Colonies.
The FASEB Journal. 33(S1).

ABSTRACT

Otitis externa is a prevalent ear condition in canine and feline. It is characterized by inflammation, pain, and a severe itch. Otitis externa
is often caused by infection of pathogenic organisms with Pseudomonas aeruginosa and Staphylococcus aureus being among the
most common species associated with this condition. In severe cases, otitis externa can become malignant, spreading to other parts
of the body, making this disease potentially fatal if permitted to persist. Entederm (Nystatin/Thiostrepton/Neomycin-Sulphate ) and
Tresaderm (Thiabendazole//Neomycin) are common prescriptions used as treatments for these microorganisms. It is a common
practice in veterinary medicine to prescribe a medicated ear wash along with these medications. Often times, clients fail to completely
remove all wash from a patient’s ear and medication gets diluted. This study sought to see if these dilutions are biologically significant.
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Each of the microorganisms were plated on 5% sheep’s blood agar with either wash or water-based diluted medications, with no
medication, wash solution, and non-dilute medications serving as controls. The mixtures, as well as non-medicated controls, were
plated and grown for 24 hours at 33.9°C. The resulting colony areas were imaged and quantified using ImageJ imageing software.
The wash-diluted medications were compared to the controls and the water-based dilutions to determine if significant reduction
occurred.The medication dilution with wash did not significantly decrease medication effectiveness for either bacterial species, but it
did significantly increase the effectiveness of Entederm against Pseudomonas aeruginosa. However, wash-dilutions had no significant
difference from water-dilutions, meaning there is little effect of wash on medications.

THYME OIL (Carvacrol-rich)

Semeniuc CA, Pop CR, Rotar AM. 2017. Antibacterial activity and interactions of plant essential oil combinations against Gram-positive
and Gram-negative bacteria.
Journal of Food and Drug Analysis. 25(2):403-408.

ABSTRACT

The aim of this study was to compare the antibacterial effects of several essential oils (EOs) alone and in combination against

different Gram-positive and Gram-negative bacteria associated with food products. Parsley, lovage, basil, and thyme EOs, as well as
their mixtures (11, v/v), were tested against Bacillus cereus, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and
Salmonella typhimurium. The inhibitory effects ranged from strong (thyme EO against E. coli) to no inhibition (parsley EO against

P. aeruginosa). Thyme EO exhibited strong (against E. coli), moderate (against S. typhimurium and B. cereus), or mild inhibitory

effects (against P. aeruginosa and S. aureus), and basil EO showed mild (against E. coli and B. cereus) or no inhibitory effects

(against S. typhimurium, P. aeruginosa, and S. aureus). Parsley and lovage EOs revealed no inhibitory effects against all tested strains.
Combinations of lovage/thyme and basil/thyme EOs displayed antagonistic effects against all bacteria, parsley/thyme EOs against

B. cereus, S. aureus, P. aeruginosa, and E. coli, and lovage/basil EOs against B. cereus and E. coli. Combinations of parsley/lovage and
parsley/basil EOs exhibited indifferent effects against all bacteria. The combination of lovage/basil EO showed indifferent effect against
S. aureus, P. aeruginosa, and S. typhimurium, and the combination parsley/thyme EO against S. typhimurium. Thyme EO has the highest
percentage yield and antibacterial potential from all tested formulations; its combination with parsley, lovage, and basil EOs determines
a reduction of its antibacterial activity. Hence, it is recommended to be used alone as the antibacterial agent.

Ebani V, Nardoni S, Bertelloni F, Najar B, Pistelli L, Mancianti F. 2017. Antibacterial and Antifungal Activity of Essential Oils against
Pathogens Responsible for Otitis Externa in Canine and Feline.
Medicines. 4(2):21.

ABSTRACT
Background: Essential oils (EOs) are recommended by some Veterinarians to treat otitis externa in pets, but data about their efficacy in
scientific literature are very scant.

Methods: Nine commercial EOs, from roman chamomile (Anthemis nobilis L.), star anise (lllicium verum), lavender (Lavandula hybrida),
litsea (Litsea cubeba (Lour.) Pers.), basil (Ocimum basilicum L.), oregano (Origanum vulgare L. subsp. hirticum), rosemary (Rosmarinus
officinalis L.), clary sage (Salvia sclarea L.), and thyme (Thymus vulgaris L.) were tested against bacterial and fungal pathogens
previously isolated from canine and feline with otitis externa. In particular, the analyses were carried out against Pseudomonas
aeruginosa, Staphylococcus aureus, Staphylococcus pseudointermedius, Aspergillus niger, Aspergillus fumigatus, Aspergillus terreus,
Candida albicans, Candida tropicalis, Trichosporon sp., and Rhodotorula sp.

Results: O. vulgare and S. sclarea showed superior antibacterial activity, even if not against all the strains. Trichosporon sp., C. albicans,
and A. terreus were insensitive to most Eos, while other yeasts and molds showed different degrees of sensitivity. In particular, most
fungi were inhibited by O. vulgare and R. officinalis.

Conclusions: The obtained results suggest that some EOs could be included in treatment as an alternative therapeutic option in
bacterial otitis complicated by fungi, in association with conventional drugs.

CAMPHOR OIL

Xiao S, Yu H, Guo Y, Cheng Y, Yao W. 2025. The Antibacterial and Anti-Inflammatory Potential of Cinnamomum camphora chvar.
Borneol Essential Oil In Vitro. Plants. 14(12):1880-1880.

ABSTRACT
Cinnamomum camphora chvar. Borneol essential oil (BEO, 16.4% borneol) is a by-product obtained during the steam distillation
process used to produce natural crystalline borneol (NCB, 98.4% purity). This study aimed to compare the antibacterial activity of
BEO and NCB against Staphylococcus epidermidis, and to evaluate the anti-inflammatory effect of BEO in vitro. Minimum inhibitory
concentrations (MICs), determined by broth microdilution, were identical for both BEO and NCB (0.5 mg/mL). Despite this, BEO
exhibited stronger antibacterial activity, suggesting synergistic enhancement by other components. Mechanistic studies revealed that
BEO disrupted the bacterial cell wall, causing leakage of nucleic acids and proteins, and ultimately bacterial death. In LPS-induced RAW
264.7 macrophages, BEO dose-dependently reduced the production of TNF- , IL-1, and IL-6 (r = 0.9847, 0.9456, 0.9315). Network
pharmacology, combined with primary and secondary factor analysis, was employed to identify anti-inflammatory pathways and key
active compounds. Borneol contributed over 50% to the anti-inflammatory effect, followed by -caryophyllene, limonene, camphor, and
-terpinene. These findings highlight the potential enhanced bioactivity of BEO due to multi-component synergy.
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PREVENTION OF CALCIUM
OXALATE CYSTINE, MIXED
AND COMPQUND UROLITHS
IN CANINE AND FELINE.

@@

(OMPOSITION

EACH KG CONTAINS:
Lactobacillus acidophilus........... 2x10° CFU

Enterococcus faecium.......ccc.... 2x10° CFU
Mannanoligosaccharides (MOS)........... 659
Fructooligosaccharides (FOS).............. 659
Potassium citrate......ccoovvvnnncnncns 1009
Vitamin B6 (Pyridoxine).......ccoceevvevvivnnns 59
TAUIING. .ot 209
Dandelion root extract 4:1.....cccccendl 109
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Prevention of calcium oxalate cystine,
mixed and compound uroliths in canine
and feline.
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as clinically needed.
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materials
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to aid in maintaining proper
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urinary tract
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OXIFOCUS

Dear Veterinarian

Recognising the challenges of manageing recurrent urolithiasis in canine and feline patients, we have specifically formulated OxiFocus
to provide comprehensive support for those predisposed to calcium oxalate stones. Beyond its primary focus, OxiFocus offers valuable
benefits in the prevention of recurrence for other challenging urolith types, including cystine, as well as mixed and compound uroliths in
both canine and feline

Key Advantages of OxiFocus:
Supports a Balanced Urinary Environment: While not its primary mechanism for calcium oxalate, OxiFocus contributes to overall urinary
tract health, which can indirectly impact the environment less favourably for crystal formation.

Promotes Healthy Urine Mineral Balance: The inclusion of potassium citrate is crucial for aiding in the maintenance of proper mineral
levels in the urine, a key factor in calcium oxalate management. Potassium citrate also acts as a urinary alkalinising agent.

May Help Discourage Crystal Formation: Taurine, along with other carefully selected ingredients, contributes to a urinary environment
less conducive to the nucleation and growth of various urinary crystals.

Supports Natural Diuresis: Dandelion root extract may help promote healthy urine flow, aiding in the flushing of mineral precipitates and
supporting overall kidney function.

As with all other VetsBrands products OxiFocus is also Vet-Only ad infinitum available to you as a Veterinarian.
Regards

Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications

Pre- and pro biotics
Lactobacillus acidophilus, Enterococcus faecium, Mannanoligosaccharides (MOS)
Fructooligosaccharides(FOS)

Wigner P, Bijak M, Saluk-Bijak J. 2022. Probiotics in the Prevention of the Calcium Oxalate Urolithiasis. Cells. 11(2):284

ABSTRACT

Nephrolithiasis ranks third among urological diseases in terms of prevalence, making up about 15% of cases. The continued increase

in the incidence of nephrolithiasis is most probably due to changes in eating habits (high protein, sodium, and sugar diets) and

lifestyle (reduced physical activity) in all developed countries. Some 80% of all kidney stones cases are oxalate urolithiasis, which is
also characterised by the highest risk of recurrence. Frequent relapses of nephrolithiasis contribute to severe complications and high
treatment costs. Unfortunately, there is no known effective way to prevent urolithiasis at present. In cases of diet-related urolithiasis,
dietary changes may prevent recurrence. However, in some patients, the condition is unrelated to diet; in such cases, there is evidence
to support the use of stone-related medications. Interestingly, a growing body of evidence indicates the potential of the microbiome to
reduce the risk of developing renal colic. Previous studies have primarily focused on the use of Oxalobacter formigenes in patients with
urolithiasis. Unfortunately, this bacterium is not an ideal probiotic due to its antibiotic sensitivity and low pH. Therefore, subsequent
studies sought to find bacteria which are capable of oxalate degradation, focusing on well-known probiotics including Lactobacillus
and Bifidobacterium strains, Eubacterium lentum, Enterococcus faecalis, and Escherichia coli.

Dominika Szczerbiec, Mirostawa Staba, Agnieszka Torzewska. 2023. Substances Secreted by Lactobacillus spp. from the Urinary Tract
Microbiota Play a Protective Role against Proteus mirabilis Infections and Their Complications.
International Journal of Molecular Sciences. 25(1):103-103.

ABSTRACT

Proteus mirabilis urinary tract infections can lead to serious complications such as development of urinary stones. Lactobacillus spp.,
belonging to the natural microbiota of the urinary tract, exhibit a number of antagonistic mechanisms against uropathogens, including
the secretion of organic acids. In this study, we determined the anti-adhesion, anti-cytotoxicity and anti-crystallisation properties of
the substances secreted by Lactobacillus. For this purpose, membrane inserts with a pore diameter 0.4 Qm were used, which prevent
mixing of cultured cells, simultaneously enabling the diffusion of metabolic products. The intensity of crystallisation was assessed by
measuring the levels of Ca2+, Mg2+ and NH3 and by observing crystals using microscopic methods. The cytotoxicity of the HCV-29 cell
line was determined using the LDH and MTT assays, and the impact of lactobacilli on P. mirabilis adhesion to the bladder epithelium
was assessed by establishing CFU/mL after cell lysis. It was shown that in the presence of L. gasseri the adhesion of P. mirabilis and
the cytotoxicity of the cells decreased. The degree of crystallization was also inhibited in all experimental models. Moreover, it was
demonstrated that L. gasseri is characterized by the secretion of a high concentration of L-lactic acid. These results indicate that
L-lactic acid secreted by L. gasseri has a significant impact on the crystallisation process and pathogenicity of P. mirabilis.

Di Napoli R, Balzano N, Mascolo A, Cimmino C, Vitiello A, Zovi A, Capuano A, Boccellino M. 2023. What Is the Role of Nutraceutical

Products in Cancer Patients? A Systematic Review of Randomised Clinical Trials.
Nutrients. 15(14):3249.
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EXTRACT FROM ARTICLE

The formation process of these stones is related to the action of urease and they constitute up to 15% of all kidney stones. The
mechanism of their formation begins with an increase in urine pH due to the urease activity. Urea hydrolysis into ammonia and carbon
dioxide causes an increase in the concentrations of NH4+, PO43 and CO32 ions. Cooperatively with Mg2+ and Ca2+ ions, it leads to
the formation of struvite and carbonate apatite.

There are several mechanisms that allow Lactobacillus to protect the epithelium against pathogens. Lactic acid bacteria secrete
extracellular substances such as organic acids or bacteriocins, which have an antibacterial effect, secrete proteins that degrade
carbohydrate receptors and have an ability to produce receptor analogs and biosurfactants. The inhibition of adhesion can occur by
displacing pathogens from the epithelium cells and by competition with the pathogen for specific receptors.

Taheri H, Feizabadi MM, Reza Keikha, Rouhi Afkari. 2024 Feb 10. Therapeutic effects of probiotics and herbal medications on oxalate
nephrolithiasis: a mini systematic review.
Iranian Journal of Microbiology. Doi:https://doi.org/10.18502/ijm.v16i1.14866.

ABSTRACT

Background and Objectives: The majority of all kidney stone cases are oxalate urolithiasis with a high risk of recurrence. Beside its
widespread occurrence, kidney stones are characterised by severe complications and high treatment costs. Probiotics and herbal
medications could be forthcoming therapeutic interventions in the management of oxalate kidney stones.

Materials and Methods: The PubMed/MEDLINE database was searched for keywords “Oxalobacter formigenes” AND “Oxalate”
OR “oxalate degradation” AND “Lactobacillus” OR “Bifidobacterium” OR “recombinant Lactobacillus” OR “Bacillus subtilis”, and
“urolithiasis” AND “herbal extract”. The search returned 253 results, 38 of which were included in the review.

Results: Most of the oxalate-degrading probiotics belong to the Oxalobacter formigenes, Lactobacillus, Bifidobacterium, and Bacillus
genus with a minimum dosage of 107 CFU in the form of capsules, sachets, and lyophilized powder. Oxalate concentration in media was
5-50mM with an incubation time ranging from 24h to 14 days. The majority of the studies suggested that probiotic supplementation
might be useful for reducing urinary excretion of oxalate and urea and alleviation of stone formation. Different herbal extracts were
used on murine models of nephrolithiasis (induced by 0.5-3% ethylene glycol) with reduction of renal inflammation and urinary
parameters, and calcium oxalate crystals.

Conclusion: Several strains of probiotics and herbal extracts confer protective effects against kidney stone/nephrolithiasis, indicating
their promising nature for being considered as elements of preventive / adjuvant therapeutic strategies.

Demian Ferreira F. 2022.How gut microbiome correlates with oxalate, butyrate and kidney stones formation
https://open.library.ubc.ca/soa/clRcle/collections/ubctheses/24/items/1.0422190

ABSTRACT

Background: Kidney stone disease (KSD) is a worldwide metabolic disorder, that affects about 12% of the world population at some
stage of life, representing a financial burden for health systems. The prevalence of urolithiasis is increasing in the past decades, despite
progress in the surgical procedures to remove the stones, there is a recurrence rate after the intervention, and there is no definitive
cure for it. In the past decades, the role of intestinal microbiota regarding KSD pathology has been gradually unravelled. Oxalate-
degrading bacteria and short-chain fatty acid (SCFA) producing microorganisms have been shown to have important roles in crystal
formation through direct calcium oxalate breakdown or as inducers of immune responses capable of inhibiting crystal formation in the
kidneys. Experimental approach: In order to test the properties of prebiotics in stone formation physiology, we used an in vivo mouse
model administering four different formulated diets. A control diet, a sodium oxalate diet to stimulate stone formation, an inulin diet

to stimulate SCFA-producing microorganisms, and a tributyrin diet to act as a direct source of butyrate, a specific type of SCFA that
we have previously shown to be lacking in kidney stone patients. Results: Results indicated that the sodium oxalate diet reduced the
overall mice microbial alpha diversity and the variability of bacterial groups responsible for SCFA production. It also increased oxalate
concentrations in the urine and caused crystal formation in the kidney. Furthermore, an inulin diet was able to promote the proliferation
of SCFA-related microbiota and SCFA concentrations in the gut, which resulted in reduced oxalate amounts in the urine, therefore,
contributing to reducing the risk of stone formation. Tributyrin supplementation did not promote any significant effect. Conclusions:
This study corroborates previous research indicating that dietary supplements like inulin are potential prebiotic candidates to promote
gut homeostasis, oxalate absorption regulation, and modulate SCFA-related microbial population and SCFA production in the intestine.

Potassium (Citrate

Bartges JW, Callens AJ. 2015. Urolithiasis.
Vet Clin North Am Small Anim Pract. 45(4):747-68

EXTRACTS FROM ARTICLE

Potassium citrate is often included in diets designed for calcium oxalate prevention. In urine, citric acid combines with calcium to form
soluble complexes, thereby reducing ionic calcium concentration. Citric acid also directly inhibits nucleation of calcium and oxalate
crystals. When oxidized within the tricarboxylic acid cycle, supplemental citrate results in urine alkalinization caused by production of
bicarbonate. The metabolic alkalinization increases encanineenous renal citrate excretion and reduces calcium absorption and urinary
excretion.68 Commercial products that add citrate but continue to acidify the urine (pH

In canine, feeding a protein-restricted and sodium-restricted alkalinising diet has been shown to decrease recurrence of calcium oxalate
uroliths.77 If a neutral to slightly alkaline urine pH is not accomplished by diet, potassium citrate may be administered (initial dose: 75
mg/kg by mouth every 12 hours; adjust to induce a urine pH of 7.0-7.5).

Cystine solubility in urine is dependent on pH and the solubility increases exponentially when the urine pH is greater than 7.2; therefore,
maintain an alkaline urine pH. If additional alkalinization is required, potassium citrate may be administered (initial dosage: 75 mg/kg by
mouth every 12 hours; adjust to urine pH >7.2).

Lulich JP, Berent AC, Adams LG, Westropp JL, Bartges JW, Osborne CA. 2016. ACVIM Small Animal Consensus Recommendations on
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the Treatment and Prevention of Uroliths in Canine and Feline.
Journal of Veterinary Internal Medicine. 30(5):1564-1574.

ABSTRACT

In an age of advancing endoscopic and lithotripsy technologies, the management of urolithiasis poses a unique opportunity to advance
compassionate veterinary care, not only for patients with urolithiasis but for those with other urinary diseases as well. The following are
consensus-derived, research and experience-supported, patient-centered recommendations for

the treatment and prevention of uroliths in canine and feline utilising contemporary strategies. Ultimately, we hope that these
recommendations will serve as a foundation for ongoing and future clinical research and inspiration for innovative problem solving.

EXTRACT FROM ARTICLE
Potassium citrate is an alkalinising salt that when administered PO and metabolized promotes the excretion of more beneficial alkaline
urine. Alkaline urine also enhances urinary citrate excretion, and citrate is a chelator of calcium ions.

Stevenson AE, Wrigglesworth DJ, Smith BHE, Markwell PJ. 2000. Effects of dietary potassium citrate supplementation on urine pH and
urinary relative supersaturation of calcium oxalate and struvite in healthy canine.
American Journal of Veterinary Research. 61(4):430-435

ABSTRACT

Objective: To assess the effect of dietary potassium citrate supplementation on the urinary pH, relative supersaturation of calcium
oxalate and struvite (defined as the activity product/solubility product of the substance), and concentrations of magnesium,
ammonium, phosphate, citrate, calcium, and oxalate in canine. Animals—12 healthy adult canine.

Procedure: Canned canine food was fed to canine for 37 days. Canine were randomly allocated to 3 groups and fed test diets for a
period of 8 days. Study periods were separated by 6-day intervals. During each study period the canine were fed either standard diet
solus (control) or standard diet plus 1 of 2 types of potassium citrate supplements (150 mg potassium citrate/kg of body weight/d)
twice daily. Urinary pH, volume and specific gravity, relative supersaturation of calcium oxalate and struvite, and concentrations of
magnesium, ammonium, phosphate, calcium, oxalate, and citrate were assessed for each treatment.

Results: Mean urine pH was not significantly affected by dietary potassium citrate supplementation, although urine pH did increase
by 0.2 pH units with supplementation. Diets containing potassium citrate maintained a higher urine pH for a longer part of the day
than control diet. Three Miniature Schnauzers had a significantly lower urinary relative calcium oxalate supersaturation when fed a diet
supplemented with potassium citrate, compared with control diet.

Conclusions and Clinical Relevance: Dietary potassium citrate supplementation has limited effects on urinary variables in most healthy
canine, although supplementation results in maintenance of a higher urine pH later in the day. Consequently, if supplementation is
introduced, canine should be fed twice daily and potassium citrate should be given with both meals or with the evening meal only.

Di Tommaso L, Tolomelli B, Mezzini R, Marchetti M, Cenacchi G, Foschini MP, Mancini AM. 2002. Renal calcium phosphate and oxalate
deposition in prolonged vitamin B6 deficiency: studies on a rat model of urolithiasis.
BJU International. 89(6):571-575.

ABSTRACT
Objective: To determine the effect on kidney oxalate-salt deposition of a prolonged diet which induced vitamin B6 deficiency in adult
rats, as there are reports of the pathogenic involvement of vitamin B6 deficiency in the formation of renal calcium oxalate calculi.

Materials and methods: The study comprised 24 6-month-old male albino Wistar rats; 12 were fed with a purified vitamin B6-deficient
diet and the others provided with the same diet but supplemented with 6 mg/kg of vitamin B6. After 12 weeks, all rats were killed,

and their kidneys fixed in formalin and routinely processed to paraffin for morphological examination; some fragments were fixed

in glutaraldehyde and prepared for ultrastructural examination. From each rat consecutive sections of both kidneys were cut and
stained with haematoxylin and eosin, periodic-acid Schiff, Sirius red and the Von Kossa method for calcium. Sections were examined in
polarized light and by electron microscopy.

Results: The histopathological and ultrastructural features of the kidney of vitamin B6-deficient rats were those of tubular-interstitial
nephritis, characterised by tubular atrophy, interstitial fibrosis and chronic inflammatory infiltration. Oxalate and phosphate crystals
were present in the papillary and parenchymal connective tissue. Ultrastructural features confirmed severe tubular epithelial lesions and
the presence of an interstitial and intraepithelial inflammatory infiltrate; there was mild interstitial fibrosis. None of these features were
apparent in the kidney of control rats.

Conclusions Histopathological and ultrastructural data indicate that a prolonged vitamin B6-deficient diet may contribute to the
formation and deposition of calcium phosphate and oxalate crystals, which lead to severe damage of the renal parenchyma. This
phenomenon may occur not only in growing rats, which have more active protein metabolism and consequently higher vitamin B6
requirements, but also in adult rats.

Assimos DG. 2019. Re: Dietary Oxalate and Kidney Stone Formation.
Journal of Urology. 201(6):1048-1048.

ABSTRACT

Dietary oxalate is plant-derived and may be a component of vegetables, nuts, fruits, and grains. In normal individuals, approximately
half of urinary oxalate is derived from the diet and half from encanineenous synthesis. The amount of oxalate excreted in urine plays
an important role in calcium oxalate stone formation. Large epidemiological cohort studies have demonstrated that urinary oxalate
excretion is a continuous variable when indexed to stone risk. Thus, individuals with oxalate excretions >25 mg/day may benefit from
a reduction of urinary oxalate output. The 24-h urine assessment may miss periods of transient surges in urinary oxalate excretion,
which may promote stone growth and is a limitation of this analysis. In this review we describe the impact of dietary oxalate and its
contribution to stone growth. To limit calcium oxalate stone growth, we advocate that patients maintain appropriate hydration, avoid
oxalate-rich foods, and consume an adequate amount of calcium.
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Hoyer-Kuhn H, Kohbrok S, Volland R, Franklin J, Hero B, Beck BB, Hoppe B. 2014. Vitamin B6 in Primary Hyperoxaluria.
Clinical journal of the American Society of Nephrology. 9(3):468-477.

ABSTRACT

Background and objectives: Primary hyperoxaluria type | (PH |) is caused by deficiency of the liver-specific enzyme alanine-
glyoxylate:aminotransferase (AGT). Many mutations are known to perturb AGT protein folding. Vitamin B6 (B6) is the only specific
drug available for treatment. Although B6 has been used for >40 years, controlled data on B6 efficacy are lacking. Therefore, this study
investigated the absolute and relative change of urinary oxalate (Uox) excretion under increasing dosages of B6, the first prospective
trial to do so.

Design, setting, participants, & measurements: B6 response was studied in 12 patients (7 male patients) with genetically confirmed PH

| (3 Gly170Arg homozygous, 5 compound Gly170Arg and/or Phel52lle heterozygous, and 4 negative for Gly170Arg and/or Phel52lle
mutations) and noncompromised renal function. Efficacy was defined as a 30% relative reduction in Uox excretion. B6 was administered
orally starting at 5 mg/kg body weight per day and given in increments of 5 mg/kg every 6 weeks, up to a final dosage of 20 mg/kg
per day at week 24. Uox and serum B6 levels were measured every 6 weeks.

Results: Mean relative Uox reduction was 25.5%. Uox declined from 2.0930.55 (mean3SD) at baseline to 1.5230.60 mmol/1.73 m2 per
day (P=0.01) at week 24. Serum B6 levels increased from 22.538.7 to 12173776 ng/ml (P<0.001). Six patients showed a =30% relative
reduction of Uox at week 24.

Conclusion: This first prospective trial confirmed B6 efficacy in 50% of patients (three of three homozygous, one of five heterozygous,
and two of four patients negative for the Gly170Arg and/or Phel52lle mutations). Interestingly, no complete biochemical remission was
observed, even in the homozygous Gly170Arg study participants. Future trials are necessary to learn more about genotype-related B6
response and B6 metabolism.

Dandelion Root Extract
Harshna Vishwakarma, Thakur K, Purohit A, Jain S, Prakhar Nema, Jain PK. 2022. A Herbal Approach for the Treatment of Kidney Stone.
International Journal of Medical Sciences and Pharma Research. 8(1):1-9

ABSTRACT

In ancient time people used plants as drugs. They used parts of plants like leaves, fruits, roots, stem, flowers, seeds, bark or whole
plant. Traditional medicine is known as the primary health care in the world, about 70% of developing countries depends

on the plant based treatment. In current scenarios most of the institutes promoting the use of plant based medicines. For the
treatment of kidney stone tribal people uses several plant or juice of the plants for example Momordica charantia,
Moringaolieferia, Amnivisnaga, Terbulusterrestris, Dolichosbiflorus, Arvalanata, Cotusspiralis,Vaccinumoxycoccos, Coriendrumsativum,
Embelicaofficinalis,Petroselinum crispum, Barosmabetulinaetc.

EXTRACT FROM ARTICLE

Dandelion is a rich source of vitamins A, B complex, C, and D, as well as minerals such as iron, potassium, calcium and zinc. The other
active constituents of Dandelion include taraxacin, taraxacoside, inulin, phenolic acids, sesquiterpene lactones, triterpenes, coumarins,
catortenoids and minerals a source of potassium.

It is a natural diuretic that enhances urine production by initiating the excretion of salts and water from the kidney. It can be used for a
wide range of conditions requiring mild diuretic treatment, such as poor digestion, liver disorders, and high blood pressure. it relieves
false sensations of urgency and also restores normal liver function

Taurine

Li CY, Deng YL, Sun BH. 2009. Taurine protected kidney from oxidative injury through mitochondrial-linked pathway in a rat model of
nephrolithiasis.
Urological Research. 37(4):211-220

ABSTRACT

Hyperoxaluria and crystal deposition induce oxidative stress (OS) and renal epithelial cells injury, both mitochondria and nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase are considered as the main sources of reactive oxygen species (ROS). Taurine is
known to have antioxidant activity and shows renoprotective effect. We investigate the effect of taurine treatment on renal protection,
and the putative source of ROS, in a rat model of calcium oxalate nephrolithiasis. Rats were administered with 2.5% (V/V) ethylene
glycol + 2.5% (W/V) ammonium chloride (4 ml/day), with restriction on intake of drinking water (20 ml/day) for 4 weeks. Simultaneous
treatment with taurine (2% W/W, mixed with the chow) was performed. At the end of the study, indexes of OS and renal injury were
assessed. Renal tubular ultrastructure changes were analysed under transmission electron microscopy. Crystal deposition in kidney was
scored under light microscopy. Angiotensin Il in kidney homogenates was determined by radioimmunoassay. Expression of NADPH
oxidase subunits p47phox and Nox-4 mRNAs in kidney was evaluated by real time-polymerase chain reaction. The data showed

that oxidative injury of the kidney occurred in nephrolithiasis-induced rats. Hyperplasia of mitochondria developed in renal tubular
epithelium. The activities of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in mitochondria decreased and the
mitochondrial membrane showed oxidative injury. Taurine treatment alleviated the oxidative injury of the kidney, improved SOD and
GSH-Px activities, as well as the mitochondrial membrane injury, with lesser crystal depositions in the kidney. We could not detect
statistical changes in the renal angiotensin Il level, and the renal p47phox and Nox-4 mRNAs expression in those rats. The results
suggest that mitochondria but not NADPH oxidase may account for the OS and taurine protected kidney from oxidative injury through
mitochondrial-linked pathway in this rat model.

Childs-Sanford SE, Angel CR. 2006. Taurine deficiency in maned wolves (Chrysocyon brachyurus) maintained on two diets
manufactured for prevention of cystine urolithiasis.
Zoo Biology. 25(2):87-100
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ABSTRACT

This study assesses the long-term effects of an experimental diet vs. a commercially available manufactured diet, intended to

reduce clinical disease related to cystinuria, on the taurine status of captive maned wolves. For 13 weeks, two pairs of maned wolves
were maintained on the commercially available maintenance diet, whereas two individually housed wolves were maintained on the
experimental diet. All six wolves, at the beginning and at the end of the diet trial, had severely decreased plasma concentrations of
taurine (as compared to the normal canine reference range of 60-120 nmol/ml) (National Research Council (2003) National Academies
Press) with average taurine concentrations of 16 nmol/ml at the beginning of the study and 3 nmol/ml at the end of the study. There
was no statistically significant difference in the taurine concentrations between animals on the maintenance vs. experimental diets.
Both diets were supplemented subsequently with taurine at a concentration of 0.3%. All study animals were eventually switched

to the taurine-supplemented version of the commercially manufactured maintenance diet and subsequent samplings were carried

out to monitor plasma taurine concentrations. A final sampling, carried out approximately 5 months after the initiation of taurine
supplementation, showed an average taurine concentration within the target canine reference range (90.25 nmol/ml). There are
numerous physiologic (e.g., possible unique metabolism and requirements for taurine in this species as compared to other canids)

and dietary factors (e.g., effects of the types and concentrations of fiber and protein on nutrient availability, taurine metabolism, and
enterohepatic circulation of taurine-conjugated bile salts; impaired taurine synthesis secondary to low cysteine availability) that could
be potential contributors to the development of taurine deficiency in the maned wolves in this study. Taurine supplementation should
be considered in maned wolves maintained on diets intended for reduction of cystinuria-related complications. Zoo Biol 0:1-14, 2005. ©
2005 Wiley-Liss, Inc.

EXTRACT FROM ARTICLE

The formation process of these stones is related to the action of urease and they constitute up to 15% of all kidney stones. The
mechanism of their formation begins with an increase in urine pH due to the urease activity. Urea hydrolysis into ammonia and carbon
dioxide causes an increase in the concentrations of NH4+, PO43 and CO32 ions. Cooperatively with Mg2+ and Ca2+ ions, it leads to
the formation of struvite and carbonate apatite.

There are several mechanisms that allow Lactobacillus to protect the epithelium against pathogens. Lactic acid bacteria secrete
extracellular substances such as organic acids or bacteriocins, which have an antibacterial effect, secrete proteins that degrade
carbohydrate receptors and have an ability to produce receptor analogs and biosurfactants. The inhibition of adhesion can occur by
displacing pathogens from the epithelium cells and by competition with the pathogen for specific receptors.

Taheri H, Feizabadi MM, Reza Keikha, Rouhi Afkari. 2024 Feb 10. Therapeutic effects of probiotics and herbal medications on oxalate
nephrolithiasis: a mini systematic review.
Iranian Journal of Microbiology. Doi:https://doi.org/10.18502/ijm.v16i1.14866.

ABSTRACT

Background and Objectives: The majority of all kidney stone cases are oxalate urolithiasis with a high risk of recurrence. Beside its
widespread occurrence, kidney stones are characterized by severe complications and high treatment costs. Probiotics and herbal
medications could be forthcoming therapeutic interventions in the management of oxalate kidney stones.

Materials and Methods: The PubMed/MEDLINE database was searched for keywords “Oxalobacter formigenes” AND “Oxalate”
OR “oxalate degradation” AND “Lactobacillus” OR “Bifidobacterium” OR “recombinant Lactobacillus” OR “Bacillus subtilis”, and
“urolithiasis” AND “herbal extract”. The search returned 253 results, 38 of which were included in the review.

Results: Most of the oxalate-degrading probiotics belong to the Oxalobacter formigenes, Lactobacillus, Bifidobacterium, and Bacillus
genus with a minimum dosage of 107 CFU in the form of capsules, sachets, and lyophilized powder. Oxalate concentration in media was
5-50mM with an incubation time ranging from 24h to 14 days. The majority of the studies suggested that probiotic supplementation
might be useful for reducing urinary excretion of oxalate and urea and alleviation of stone formation. Different herbal extracts were
used on murine models of nephrolithiasis (induced by 0.5-3% ethylene glycol) with reduction of renal inflammation and urinary
parameters, and calcium oxalate crystals.

Conclusion: Several strains of probiotics and herbal extracts confer protective effects against kidney stone/nephrolithiasis, indicating
their promising nature for being considered as elements of preventive / adjuvant therapeutic strategies.

Demian Ferreira F. 2022.How gut microbiome correlates with oxalate, butyrate and kidney stones formation
https://open.library.ubc.ca/soa/clRcle/collections/ubctheses/24/items/1.0422190

ABSTRACT

Background: Kidney stone disease (KSD) is a worldwide metabolic disorder, that affects about 12% of the world population at some
stage of life, representing a financial burden for health systems. The prevalence of urolithiasis is increasing in the past decades, despite
progress in the surgical procedures to remove the stones, there is a recurrence rate after the intervention, and there is no definitive
cure for it. In the past decades, the role of intestinal microbiota regarding KSD pathology has been gradually unravelled. Oxalate-
degrading bacteria and short-chain fatty acid (SCFA) producing microorganisms have been shown to have important roles in crystal
formation through direct calcium oxalate breakdown or as inducers of immune responses capable of inhibiting crystal formation in the
kidneys. Experimental approach: In order to test the properties of prebiotics in stone formation physiology, we used an in vivo mouse
model administering four different formulated diets. A control diet, a sodium oxalate diet to stimulate stone formation, an inulin diet

to stimulate SCFA-producing microorganisms, and a tributyrin diet to act as a direct source of butyrate, a specific type of SCFA that
we have previously shown to be lacking in kidney stone patients. Results: Results indicated that the sodium oxalate diet reduced the
overall mice microbial alpha diversity and the variability of bacterial groups responsible for SCFA production. It also increased oxalate
concentrations in the urine and caused crystal formation in the kidney. Furthermore, an inulin diet was able to promote the proliferation
of SCFA-related microbiota and SCFA concentrations in the gut, which resulted in reduced oxalate amounts in the urine, therefore,
contributing to reducing the risk of stone formation. Tributyrin supplementation did not promote any significant effect. Conclusions:
This study corroborates previous research indicating that dietary supplements like inulin are potential prebiotic candidates to promote
gut homeostasis, oxalate absorption regulation, and modulate SCFA-related microbial population and SCFA production in the intestine.

147 | VETSBRANDS SCIENTIFIC REFERENCE BOOK 2026



PANCREAFOCUS

DESCRIPTION

IS INDICATED AS ADJUNCTIVE
TREATMENT FOR CANINE AND
FELINE WITH ACUTE AS WELL
AS CHRONIC PANCREATITIS.

@@

(OMPOSITION

EACH KG CONTAINS:

Milk Thistle Extract......cccccovvverevnenn. 1009
Enterococcus Faecium........ 8X10°CFU kg
Mannanoligosaccharides (MOS)........ 659

Fructooligosaccharides (FOS)............ 659
TAUIINE e 50¢g
Tocopheryl Acetate.......coeceeeeeeevcrecenns 69
Vitamin Cocveeceecee e 7.59
Astaxanthin......e i[¢]
L Methionine.....ccooveveeeecceeeeeeeeeees 109
Resveratrol......coceeeeeeeieeeceeeeeeeeee 59
Micro-Palmitoylethanolamide............... 129

PACKAGING

e 2509
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Use 1 gram per 2kg of canine and feline
weight once per day for as long as
clinically needed

INDICATIONS

PancreaFocus with its high antioxidant
formulation, Pre- and pro biotics and
Micro-Palmitoylethanolamide (PEA) is
an adjunctive treatment for canine and
feline with acute pancreatitis as well as
the control of chronic pancreatitis.
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Exclusively sold
at veterinary
practices.

ADVANTAGES
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materials

Science-based dosages
Vet-Only ad infinitum

Enhanced antioxidant
activity
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counteracting pancreatic
oxidative stress,
inflammation, and cell death.

Micro-
Palmitoylethanolamide
providing pain relief
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Low fat palatability
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FEEDING INSTRUCTIONS

Option 1: A Add dry powder over wet or
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Option 2: Mix 1 part powder and 2 parts
water and pour over food as a gravy.
Option 3: Mix 2 parts powder and 1 part
water to form a paste which can be
dosed with a syringe.
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PANCREAFOCUS

Dear Veterinarian
PancreaFocus powder has been formulated as an adjunctive treatment for canine and feline with acute as well as chronic pancreatitis.

Pancreatitis occurs when pancreatic enzymes, such as trypsin, become prematurely activated within the pancreas itself. This
overactivation overwhelms the cell’s protective mechanisms, leading to tissue damage. Factors like oxidative stress, low blood pressure,
acidic conditions and elevated calcium levels can contribute to this initial activation and exacerbate the condition.

Pancreatitis treatment is often non-specific, involving therapies like anti-emetics, antibiotics, gastric protectants, pain relievers and
corticosteroids. PancreaFocus addresses oxidative stress, a key factor in pancreatitis, through antioxidants like Vitamins C and E,
and astaxanthin. Additionally, it includes prebiotics (Mannooligosaccharides, Fructooligosaccharides) and probiotics (Enterococcus
faecium) to combat inflammation and cell death.

Palmitoylethanolamide (PEA) has been shown to possess anti-inflammatory properties within the pancreas, potentially reducing organ
damage. Furthermore, PEA’s analgesic effects can enhance patient quality of life.

As with all other VetsBrands product PancreaFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Pre- and pro hiotics

Chen Yu, Yuelun Zhang, Qiao Yang, Peter Lee, John Albert Windsor , Dong Wu. 2021. An Updated Systematic Review With Meta-

analysis: Efficacy of Prebiotic, Probiotic, and Synbiotic Treatment of Patients With Severe Acute Pancreatitis.
Pancreas. 50(2):160-166.

ABSTRACT

Objectives: The aim of this study was to systematically review the clinical outcomes of all randomised controlled trials of patients with
severe acute pancreatitis (SAP) and treated with pre/pro/synbiotics.

Methods A systematic literature search of the MEDLINE, Embase, clinicaltrials.gov, and the Cochrane Central Register of Controlled
Trials was conducted. Eligible studies were randomised controlled trials that evaluated the clinical outcomes of patients with SAP
treated with pre/pro/synbiotics.

Results: Eleven trials comprising 930 patients were included. Patients treated with pre/pro/synbiotics had a significantly shorter
hospital stay (weighted mean difference, -4.33 days; 95% confidence interval (Cl), -7.71 to -0.95; P = 0.010; 12 = 66.9%) compared with
control. In a subgroup analysis where only patients classified as SAP were included, those treated with pre/pro/synbiotics had lower risk
of single- or multiple-organ failure (relative risk, 0.62; 95% ClI, 0.44-0.88; P = 0.995; 12 = 0.0%) and decreased hospital stay (weighted
mean difference, -0.65 days; 95% Cl, -0.90 to -0.41; P = 0.121; 12 = 45.3%) compared with control.

Conclusions: Patients with SAP treated with pre/pro/synbiotics did not have a worse clinical outcome and had lower risk of organ
failure and duration of hospital stay. Further studies should examine the optimal timing, type, and dosages of these promising
treatments.

Mores MG, Ebtehal Mohammad Fikry, EI-Gendy AO, Mohamed WR, Badary OA. 2023. Probiotics mixture and taurine attenuate
L-arginine-induced acute pancreatitis in rats: Impact on transient receptor potential vanilloid-1 (TRPV-1)/IL-33/NF- B signalling and
apoptosis.

Tissue and Cell. 85:102234-102234.

ABSTRACT

Acute pancreatitis (AP) is an inflammatory disorder of acinar cells. It may develop into severe chronic pancre atitis with a significant
mortality rate. The current study aimed to assess the therapeutic effect of a Lactobacillus (LAB) mixture against rat AP. Six groups
were created including control, taurine (300 mg/kg; i.p.) for 7 days, LAB mixture for 7 days, L-arginine (2.5 g/kg; i.p.) 2 doses with 1

h interval on 1st day, L-arginine+taurine, and L- arginine+LAB. Serum amylase and lipase activities were measured. Pancreatic tissue
was used for histopatho logical examination, oxidative stress biomarkers including malondialdehyde (MDA) and reduced glutathione
(GSH), and inflammatory biomarkers including myeloperoxidase (MPO) and interleukin (IL)-33 assessment. gRT- PCR was used for
transient receptor potential vanilloid-1 (TRPV-1) investigation and Western blot analysis for measuring nuclear factor kappa-B (NF- B
p65) and the apoptosis biomarker; caspase-3. Taurine and LAB reduced lipase and significantly ameliorated induced oxidative stress
by normalising MDA and GSH contents. They counteracted inflammation by reducing MPO, IL-33, NF- B p65, and TRPV-1. In addition,
taurine and LAB counteracted apoptosis as proved by reduced caspase-3 expression. Taken together, these findings indicate that
taurine and the use LAB mixture can mitigate AP by L-arginine via influencing TRPV-1/IL-33/NF- B signalling together with exhibiting
potent antioxidant and anti-inflammatory effects.

Tian X, Pi Y-P, Liu X-L, Chen H, Chen W-Q. 2018. Supplemented Use of Pre-, Pro-, and Synbiotics in Severe Acute Pancreatitis: An
Updated Systematic Review and Meta-Analysis of 13 Randomised Controlled Trials.
Frontiers in Pharmacology. 9.

ABSTRACT
Introduction: The role of pre-, pro-, and synbiotics supplemented to standard enteral nutrition in severe acute pancreatitis (SAP)
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remains unclear. We performed this updated meta-analysis to determine the value of pre-, pro- and synbiotics supplemented to
standard enteral nutrition in predicted SAP.

Methods: A systematic search in PubMed, EMBASE and Cochrane Central Register of Controlled Trials (CENTRAL) databases

was performed. Eligible studies were randomised controlled trials (RCTs) that compared the effects of pre-, pro-, and synbiotics
supplemented to standard enteral nutrition with control regime in predicted SAP patients. Risk ratio (RR) and mean difference (MD)
with 95% confidence interval (95% CIl) were used to express the estimates of dichotomous and continuous data respectively.

Results: 13 RCTs comprising an aggregate total of 950 patients were eventually enrolled. Pooled results suggested that supplemented
use of pre-, pro- and synbiotics effectively shorten the length of hospital stay in Chinese SAP cohorts (6 RCTs, MD = -5.57, 95% CI =
-8.21to -2.93, P < 0.001); however significant differences with regard to remaining clinical outcomes were not detected for all patients.
Further analysis based on category of interventions including pre-, pro- and synbiotics also confirmed the findings to be reliable.

Conclusions: Supplemented use of pre-, pro and synbiotics reduced the length of hospital stay in Chinese SAP cohorts. And thus, we
concluded that pre-, pro- and synbiotics supplemented to standard enteral nutrition may be a potential option for the treatment of SAP
patients. However, we also suggest designing further studies with large-scale and rigorous methods of addressing data to establish the
effects and safety of supplemented use of pre-, pro- and synbiotics for SAP patients due to the presence of limitations.

Antioxidants

(D-Alpha Vitamin E, Vitamin C, Astaxanthin & Milkthistle extract (Silymarin)

Pisoschi AM, Pop A. 2015. The role of antioxidants in the chemistry of oxidative stress: A review. European Journal of Medicinal
Chemistry. 97:55-74.

ABSTRACT

Acute pancreatitis (AP) is a severe disease with a high prevalence and 3 to 15% mortality worldwide, which can represent an important
challenge for the physi cian. Oxidative stress and antioxidants are involved in AP progression. The mechanisms responsible for the
onset and progression of AP are still poorly understood. Previous studies have highlighted the important contribution of antioxidants
and oxidative stress in AP. The existence of a relationship between oxidative stress and antioxidants in AP is unquestionable, although
a more accurate understanding of the mechanistic pathways involved is required to create a solid basis for potential prevention or
treatment strate gies. Further investigation is needed to clarify the role of antioxidant status and the severity of AP and to determine
the association between oxidative stress and pancreatic enzyme activities.

Antioxidant therapy may represent an interesting option for the management of patients with AP, although additional information
about the effectiveness of this potential treatment is required.

Tocopheryl acetate (Vitamin E)

José-Antonio Gédmez, Molero X, Vaquero E, Alonso A, Salas A, Juan-R Malagelada. 2004. Vitamin E attenuates biochemical and
morphological features associated with development of chronic pancreatitis.
AJP Gastrointestinal and Liver Physiology. 287(1):G162-G169

ABSTRACT

The objective was to investigate the effects of vitamin E on collagen deposition induced by Cyclosporin A (CsA) administration in rats
with caerulein (Cr) pancreatitis. CsA transforms the fully regenerative, self-limited form of Cr pancreatitis into a chronic like disease in
conjunction with increased transforming growth factor (TGF)-and myofibroblast proliferation.

Vitamin E inhibits TGF-release in mesangial cells and reduces CsA cytotoxicity. Wistar rats received CsA daily (20 mg/kg), and CR
pancreatitis was induced on days 1and 8 (Cr CsA group). In a separate group, vitamin E (600 mgkg 1 day 1) was administered starting
4 days before CsA. Three other groups received either vehicle, CsA, or Cr alone. Thiobarbituric acid-reactive substance (TBARS),
8-isopros tanes, and hyaluronic acid were measured in plasma obtained on the day the animals were killed (day 15). Pancreases were
weighed and processed for light microscopy to assess connective tissue and myo f ibroblast number. Pancreatic homogenates were
also assayed for collagen (hydroxyproline) and TBARS content. TBARS, 8-isopros tane, and TGF-were elevated in CsA and Cr CsA rats.
Vitamin E treatment greatly decreased these parameters. Vitamin E also decreased the fall in pancreatic weight observed in Cr CsA
pancreas. Pancreatic hydroxyproline and plasma hyaluronic acid were increased in Cr CsA rats but were effectively reduced by vitamin
E. Morphology showed improvement in fibrosis score and a decreased number of myofibroblasts in vitamin E-treated rats.

Vitamin E reduces oxidative stress and collagen deposition during the development of experimental chronic pancreatitis. Adjuvant
antioxidants may be of value in the treatment of chronic pancreatitis.

Fahaid Al-Hashem, Ellatif MA, ShamsEldeen AM, Kamar SS, Bahjat Al-Ani, Haidara MA. 2020. Vitamin E protects against the modulation
of TNF- -AMPK axis and inhibits pancreas injury in a rat model of L-arginine-induced acute necrotising pancreatitis.
Archives of Physiology and Biochemistry. 129(1):148-156.

ABSTRACT
Background: Acute pancreatitis (AP) associated with the modulation of TNF- -AMPK axis in the presence and absence of vitamin E has
not been investigated before.

Material and methods: Rats were either injected with L-arginine (2.5 gm/kg) before being sacrificed after 48 h or were pre-treated with
vitamin E (60 mg/kg) and continued receiving vitamin E until the end of the experiment.

Results: AP was developed as demonstrated by infiltration of inflammatory cells and profound pancreas tissue damage, which were
substantially protected by vitamin E. In addition, L-arginine injections significantly (p <.0001) increased the expression of TNF- mRNA
and protein, and decreased phospho-AMPK and IL-T0 mRNA and protein that was significantly (p <.0001) protected by vitamin E.
Furthermore, vitamin E inhibited L-arginine-induced blood levels of LDH, amylase, and myeloperoxidase.

Conclusions: L-arginine-induced acute pancreatitis modulates TNF- -AMPK axis, IL-10 and other AP biomarkers, which is protected by
vitamin E; thus, may offer therapeutic potential in humans.
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Xu L-L, Zhao B, Sun S-L, Yu S-F, Wang Y-M, Ji R, Yang Z-T, Ma L, Yao Y, Chen Y, et al. 2020. High-dose vitamin C alleviates pancreatic
injury via the NRF2/NQO1/HO-1 pathway in a rat model of severe acute pancreatitis.
Annals of Translational Medicine. 8(14):852

ABSTRACT

Background: Oxidative stress plays a pivotal role in the progress of severe acute pancreatitis (SAP). Vitamin C (VC) is the most
important antioxidant in plasma. However, the effects of an intravenous administration of high-dose VC and the mechanisms by which it
exerts its antioxidant function in an experimental model of SAP have not been determined.

Methods: Sodium taurocholate was used to induce rat pancreatic injury and AR42J cells injury. After the establishment of SAP model,
SAP rat and injured AR42J cells were treated with VC. For the injured AR42J cells, small interfering RNA-mediated knockdown of
NRF2 was conducted after VC treatment. The histopathological characteristics, the apoptosis of pancreatic acinar cells, oxidative stress
markers and levels of enzymes, biochemical indicators, and inflammatory cytokines were examined in vivo and in vitro. Furthermore,
the mortality of rats was assessed.

Results: In vivo and in vitro results demonstrated that VC treatment ameliorated apoptosis of pancreatic acinar cells, as evidenced

by the increase in Bcl-2, Bel-XL, and MCL-1 expressions and decrease in Bax and cleaved caspase-3 expression along with decreased
TUNEL-positive cells. Also, we found that the elevation of MDA and decrease of SOD, GPx, GSH/GSSG, and T-AOC induced by SAP were
reversed by VC treatment in vivo and in vitro, and VC treatment increased expressions of Nrf2, NQOT, and HO-1in SAP model at protein
and gene level, indicating that VC attenuated oxidative stress via the NRF2/NQO1/HO-1 pathway. Meanwhile, it was found that sodium
taurocholate significantly induced the release of amylase, lipase, IL-1, and IL-6 in rat plasma and AR42J cells, which were declined by

VC treatment. In vitro results also revealed that these alterations in sodium taurocholate-injured AR42J cells due to VC treatment was
attenuated by NRF2 knockdown. In addition, VC at a dose of 500 mg/kg decreased the levels of lactic acid, Cre, NGAL, AST, and ALT

in the plasma of SAP rats, suggesting the improvement of renal and pancreatic injury and liver function of SAP rats. Furthermore, the
mortality of SAP rats was 50%, which declined to 30% after VC treatment.

Conclusions: The present study suggests that high-dose of VC ameliorate pancreatic injury of SAP via the NRF2/NQO1/HO-1 pathway
to inhibit oxidative stress.

Du W-D, Yuan Z-R, Sun J, Tang J-X, Cheng A-Q, Shen D-M, Huang C-J, Song X-H, Yu X-F, Zheng S-B. 2003. Therapeutic efficacy of high-
dose vitamin C on acute pancreatitis and its potential mechanisms.
World Journal of Gastroenterology. 9(11):2565.

ABSTRACT
Aim: To observe the therapeutic efficacy of high-dose Vitamin C (Vit. C) on acute pancreatitis (AP), and to explore its potential
mechanisms.

Methods: Eghty-four AP patients were divided into treatment group and control group, 40 healthy subjects were taken as a normal
group. In the treatment group, Vit. C (10 g/day) was given intravenously for 5 days, whereas in the control group, Vit. C (1 g/day) was
given intravenously for 5 days. Symptoms, physical signs, duration of hospitalization, complications and mortality rate were monitored.
Meanwhile, serum amylase, urine amylase and leukocyte counts were also determined. The concentration of plasma vitamin C (P-

VC), plasma lipid peroxide (P-LPO), plasma vitamin E (P-VE), plasma -carotene (P--CAR), whole blood glutathione (WB-GSH) and

the activity of erythrocyte surperoxide dimutase (E-SOD) and erythrocyte catalase (E-CAT) as well as T lymphocyte phenotype were
measured by spectrophotometry in the normal group and before and after treatment with Vit. C in the treatment and the control group.

RESULTS: Compared with the normal group, the average values of P-VC, P-VE, P--CAR, WB-GSH and the activity of E-SOD and
E-CAT in AP patients were significantly decreased and the average value of P-LPO was significantly increased, especially in severe
acute pancreatitis (SAP) patients (P <0.05. P-VC, P =0.045; P-VE, P =0.038; P =0.041; P--CAR, P =0.046; WB-GSH, P =0.039; E-SOD,
P =0.019; E-CAT, P =0.020; P-LPO, P =0.038). Compared with the normal group, CD3 and CD4 positive cells in AP patients were
significantly decreased. The ratio of CD4/CD8 and CD4 positive cells were decreased, especially in SAP patients (P<0.05. CD4/CDS8,
P =0.041; CD4, P =0.019). Fever and vomiting disappeared, and leukocyte counts and amylase in urine and blood become normal
quicker in the treatment group than in the control group. Moreover, patients in treatment group also had a higher cure rate, a lower
complication rate and a shorter in-ward days compared with those in he control group. After treatment, the average value of P-VC
was significantly higher and the values of SIL-2R, TNF- , IL-6 and IL-8 were significantly lower in the treatment group than in the
control group (P<0.05 P-VC, P =0.045; SIL-2R, P =0.012; TNF- , P =0.030; IL-6, P =0.015; and IL-8, P =0.043). In addition, the ratio

of CD4/CD8 and CD4 positive cells in the patients of treatment group were significantly higher than that of the control group after
treatment (P<0.05. CD4/CDS8, P =0.039; CD4, P =0.024).

Conclusion: High-dose vitamin C has therapeutic efficacy on acute pancreatitis. The potential mechanisms include promotion of anti-
oxidizing ability of AP patients, blocking of lipid peroxidation in the plasma and improvement of cellular immune function.

Astaxanthin

Ozbeyli D, Gurler EB, Buzcu H, Cilingir-Kaya OT, Cam ME, Yuksel M. 2020. Astaxanthin alleviates oxidative damage in acute pancreatitis
via direct antioxidant mechanisms.
The Turkish Journal of Gastroenterology. 31(10):706-712.

ABSTRACT

Background/Aims: Astaxanthin (ATX) is a naturally occurring carotenoid and a potent antioxidant. Various anti-inflammatory effects
of ATX have been examined. We aimed to investigate the protective effect of ATX and its mechanism in a cerulein-induced acute
pancreatitis rat model.

Materials and Methods: The rats were randomised into 2 main groups as control (C) and acute pancreatitis group (AP). AP group
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was subsequently divided into subgroups as AP+vehicle (AP), AP+ATX, and ATX+peroxisome proliferator-activated receptor-alpha
antagonist GW6471 (ATX+GW) groups. To induce AP, the rats were administered cerulein (50 Qg/kg, intraperitonally (ip)) at 1 hour
intervals, whereas the C group received saline. The AP group was treated with vehicle olive oil, ATX 40 mg/kg/orally, or GW6471
and ATX (GW1 mg/kg/ip; ATX; 40 mg/kg/peroral). Treatments were administered after the 1st cerulein injection. At the 7th hour
after the final injection, the rats were killed and the pancreatic tissue was used for the determination of malondialdehyde (MDA),
glutathione (GSH), and myeloperoxidase (MPO) ac tivities and luminol-lucigenin chemiluminescence levels. Serum amylase, lipase, and
histopathological analyses were performed.

Results: Elevated serum lipase and amylase levels in the vehicle-treated AP group (p<0.01) decreased in the ATX and ATX+GW groups
(p<0.05). In the AP groups, GSH was reduced and MDA, MPO, luminol, and lucigenin levels were increased (p<0.05-0.001). ATX
reversed

these changes (p<0.05-0.001). The vehicle-treated group revealed significant severe cytoplasmic degeneration and vacuolization,
whereas ATX ameliorated these destructions. GW6471 did not abolish the positive effects of ATX biochemically or histologically.

Conclusion: ATX has a potent protective effect on AP via its radical scavenging and antioxidant properties. Therefore, we believe that
ATX may have therapeutic potential.

Milkthistle extract (Silymarin)

Kim M-J, Kim D-U, Choi J-W, Kim D-G, Song H-J, Bae G-S, Park S-J. 2020. Silymarin Attenuates the Severity of Cerulein-Induced Acute
Pancreatitis.

Pancreas. 49(1):89-95.

ABSTRACT
Objectives: In this study, we investigated the anti-inflammmatory effects of silymarin on cerulein-induced acute pancreatitis (AP) in mice.

Methods: Cerulein (50 Qg/kg) was injected intraperitoneally once hourly for 6 hours to induce AP. To investigate the prophylactic
effects of silymarin, dimethyl sulfoxide or silymarin (25, 50, and 100 mg/kg) was injected intraperitoneally 1 hour before cerulein
injection. To investigate the therapeutic effects of silymarin, dimethyl sulfoxide or silymarin (100 mg/kg) was injected intraperitoneally 1,
3, or 5 hours after the first cerulein injection. Blood, pancreas, and lungs were harvested 6 hours after the last cerulein injection.

Results: Pre- and posttreatment with silymarin decreased the pancreas weight/body weight ratio and serum amylase activity.
Furthermore, silymarin treatment inhibited pancreas and lung injury and neutrophil infiltration during cerulein-induced AP. In addition,
silymarin inhibited increased secretion of pro-inflammatory cytokines such as interleukin 1, interleukin 6, and tumour necrosis factor

. Finally, mitogen-activated protein kinases (MAPKSs) and nuclear factor- B were activated by cerulein, and only p38 in MAPK was
inhibited by silymarin.

Conclusions: These findings suggest that silymarin attenuates the severity of AP through inhibition of p38 MAPKSs and that silymarin
could be a potential prophylactic and therapeutic agent for the treatment of AP.

Soto C, Recoba R, Héctor Barrén, Alvarez CE, Favari L. 2003. Silymarin increases antioxidant enzymes in alloxan-induced diabetes in rat
pancreas.
Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology. 136 (3):205-212

ABSTRACT

The aim of this study was to analyse the effect of the flavonoid silymarin, a free radical scavenger that prevents lipoperoxidation, on
the pancreatic activity of superoxide dismutase (SOD), glutathione peroxidase (GSHPx) and catalase (CAT) in rats with alloxan-induced
diabetes mellitus. Alloxan intoxicated rats were treated with silymarin in two manners, simultaneously (four or eight doses) or 20 days
after alloxan administration for 9 weeks. Alloxan elicited a transient increase in the activity of the three enzymes, which decreased

after 5 days of treatment. On its own, silymarin significantly increased the activity of these enzymes. Simultaneous treatment with
alloxan and silymarin also induced an increment in the activity of the enzymes followed by a delayed decrease (four doses). However,

a longer treatment with silymarin (eight doses) induced a more sustained effect. Interestingly, silymarin treatment recovered to control
values for the activity of the three-antioxidant enzymes that were significantly diminished after 20 days of alloxan administration. It is
suggested that the protective effect of silymarin on pancreatic damage induced by alloxan may be due to an increase in the activity of
antioxidant enzymes that, in addition to the glutathione system, constitute the more important defense mechanisms against damage by
free radicals.

L Methionine

Talukdar R, Murthy HVV, Reddy DN. 2015. Role of methionine containing antioxidant combination in the management of pain in chronic
pancreatitis: A systematic review and meta-analysis. Pancreatology. 15(2):136-144.

ABSTRACT

Background: Pain in CP results from inflammation and neuroimmune alterations that are associated with oxidative stress, among
other mechanisms. This is marked by depletion of antioxidant defenses including methionine, which is a donor of methyl moieties that
maintains the acinar transsulfuration pathway. We performed a systematic review and meta-analysis of trials evaluating methionine-
containing antioxi dants in CP.

Patient and methods: Literature search was conducted in Medline/Pubmed, EMBASE, and Cochrane da tabases. Systematic
review and meta-analysis was performed per PRISMA guidelines. Main study outcome was pain relief. GRADE system was used for
quality assessment. Heterogeneity was assessed by the Q and |2 measures; publication bias by Egger’s test. Random-effect model
(DerSimonian and Laird) was used if there was heterogeneity.

Results: Eight studies (n 411) were identified that used methionine-containing antioxidants. The study duration ranged from 10 wks to
12 months. All studies used methionine, organic selenium, ascorbate, beta-carotene and alpha-tocoferol. Four studies (including two
RCTs) that reported change in pain scores were metaanalysed. Though overall effect (standardized difference in means (95% CI)) on
pain score reduction was 0.95 (1.738 to 0.160) (z 2.36; p 0.018), the significance was lost when the two RCTs were meta-analysed.
RCTs that reported the number of pain free patients had a statistically sig nificant overall effect of 3.204 (p 0.001). Though more
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patients on methionine containing antioxi dants had adverse events, majority of them were mild.

Conclusion: Methionine containing antioxidants appear to result in pain reduction in a significant pro portion of CP patients. Further
randomised controlled trials with homogeneous outcome measures are needed.

Taurine
Ahn BO, Kim KH, Lee G, Lee HS, Kim CD, Kim YS, Son MW, Kim WB, Oh TY, Hyun JH. 2001. Effects of Taurine on Cerulein-Induced Acute

Pancreatitis in the Rat.
Pharmacology. 63(1):1-7

ABSTRACT

Taurine, or 2-aminoethane sulfonic acid, is an intracellular amino acid and has been suggested to have a function in protecting
biological systems from oxidative tissue damage. The aim of this study was to determine the effect of taurine against cerulein-induced
acute pancreatitis in rats. Acute pancreatitis was induced by administering three subcutaneous injections of cerulein (40 microg/kg
body weight) at 1-hour intervals, while taurine was administered intravenously at graded doses (30, 100, or 300 mg/kg, respectively)
following the first cerulein injection. The severities of pancreatitis and lung injury were determined by measuring biochemical
parameters, tissue myeloperoxidase (MPO), and histological changes. To clarify the mechanism of taurine, serum IL-1beta and TNF-
alpha levels and tissue concentrations of malondialdehyde (MDA) were evaluated. In cerulein-induced acute edematous pancreatitis,
treatment with taurine significantly decreased hyperamylasemia, tissue MPO, pancreatic edema, and the extent of pancreatic and
pulmonary injury. Taurine decreased MDA concentration in the pancreas and lung, but not the serum cytokine concentration.

We would conclude that taurine has beneficial effects in cerulein-induced acute pancreatitis and lung injuries by preventing the
production of oxygen free radicals.

Matsushita K, Mizushima T, Akinori Shirahige, Tanioka H, Sawa K, Ochi K, Tanimoto M, Koide N. 2012. Effect of taurine on acinar cell
apoptosis and pancreatic fibrosis in dibutyltin dichloride-induced chronic pancreatitis.
Acta Med Okayama. 66(4):329-34. doi: 10.18926/AM0O/48687. PMID: 22918205

ABSTRACT

The relationship between pancreatic fibrosis and apoptosis of pancreatic acinar cells has not been fully elucidated. We reported
that taurine had an anti-fibrotic effect in a dibutyltin dichloride (DBTC)-chronic pancreatitis model. However, the effect of taurine on
apoptosis of pancreatic acinar cells is still unclear. Therefore, we examined apoptosis in DBTC-chronic pancreatitis and in the AR42J
pancreatic acinar cell line with/without taurine. Pancreatic fibrosis was induced by a single administration of DBTC. Rats were fed

a taurine-containing diet or a normal diet and were sacrificed at day 5. The AR42J pancreatic acinar cell line was incubated with/
without DBTC with taurine chloramines. Apoptosis was determined by using terminal deoxynucleotidyl transferase-mediated dUTP-
digoxigenin nick end labeling (TUNEL) assay. The expression of Bad and Bcl-2 proteins in the AR42J cells lysates was detected by
Western blot analysis. The apoptotic index of pancreatic acinar cells in DBTC-administered rats was significantly increased. Taurine
treatment inhibited pancreatic fibrosis and apoptosis of acinar cells induced by DBTC. The number of TUNEL-positive cells in the
AR42J pancreatic acinar cell lines was significantly increased by the addition of DBTC. Incubation with taurine chloramines ameliorated
these changes.

In conclusion, taurine inhibits apoptosis of pancreatic acinar cells and pancreatitis in experimental chronic pancreatitis.

Resveratrol

Jiang W, Li X, Zhang Y, Zhou W. 2024. Natural Compounds for the Treatment of Acute Pancreatitis: Novel Anti-Inflammatory Therapies.
Biomolecules. 2;14(9):1101

ABSTRACT

Acute pancreatitis remains a serious public health problem, and the burden of acute pancreatitis is increasing. With significant
morbidity and serious complications, appropriate and effective therapies are critical. Great progress has been made in understanding
the pathophysiology of acute pancreatitis over the past two decades. However, specific drugs targeting key molecules and pathways
involved in acute pancreatitis still require further study. Natural compounds extracted from plants have a variety of biological activities
and can inhibit inflammation and oxidative stress in acute pancreatitis by blocking several signalling pathways, such as the nuclear
factor kappa-B and mitogen-activated protein kinase pathways. In this article, we review the therapeutic effects of various types of
phytochemicals on acute pancreatitis and discuss the mechanism of action of these natural compounds in acute pancreatitis, aiming to
provide clearer insights into the treatment of acute pancreatitis.

Extract from article

Resveratrol has anti-inflammatory, antiviral, antibacterial, and anti-tumour effects and is usually found in plants in trans-resveratrol
form. When administered orally, trans resveratrol is converted to the more biologically active form of dihydro-resveratrol. Resveratrol
exerts therapeutic effects on interstitial lung disease, liver injury and fibrosis, cancer, and Alzheimer’s disease. Resveratrol can regulate
the actions of various cells in the pancreas. For example, resveratrol can inhibit ROS and miRNA-21-mediated glycolysis in pancreatic
stellate cells. In the AP model, resveratrol can stimulate the secretion of vascular endothelial growth factor A from bone marrow
mesenchymal stem cells (BMSCs), activate the downstream phosphatidylinositol-4,5-diphosphate 3 kinase/protein kinase B signalling
pathway, and inhibit pancreatic cell apoptosis. In addition, resveratrol can reduce the microcirculation disorders caused by SAP.
Resveratrol can inhibit the infiltration of immune cells and inflammatory cells into the vascular wall, which can reduce pathological
smooth muscle cell proliferation, vascular inflammation, and vascular remodeling.

Agah S, Akbari A, Sadeghi E, Morvaridzadeh M, Basharat Z, Palmowski A, Heshmati J. 2021. Resveratrol supplementation and acute

pancreatitis: A comprehensive review.
Biomedicine & Pharmacotherapy. 137:111268

ABSTRACT
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Resveratrol, a natural polyphenolic ingredient extracted from herbs, suppresses oxidative stress and inflammation. We performed a
comprehensive review to find any evidence about the effects of Resveratrol on acute pancreatitis (AP). Resveratrol has been found
to directly impact cytokine generation. As these factors play a crucial role in the pathophysiology of AP, resveratrol might attenuate
AP and its complications. Mechanistically, resveratrol exerts its pharmacological effects through anti-inflammatory and antioxidant
mechanisms via interaction with different signalling molecules and transcription factors. Indeed, resveratrol might prove to be an
effective therapeutic component for AP treatment in the future. In this review, we shed light on potential most recent pathways through
which resveratrol might impact the management and control of AP.

EXTRACT FROM ARTICLE

Resveratrol and enzymes in AP Hyperlipidemia and hyperamylasemia are typical features of initial early-stage AP (99). Indeed, these
features are often used for the diagnosis of AP (100). Recent findings shed light on the role of resveratrol supplementation concerning
premature activation of pancreatic enzymes (52). Increased -amylase is a primary diagnostic criterion for AP (101). Although amylase
and lipase enzymes often increase threefold in AP patients, there seems to be no association between the severity of AP and serum
levels of these enzymes (102). However, it has been reported that resveratrol administration can reduce levels of serum amylase and
lipase in AP patients

Several triggers have been recognized to be involved in the etiology of AP, but exact mechanisms are still poorly understood. Free
calcium ions inside the cytoplasm of acinar cells function as a main second messenger. Calcium overload may have pivotal role in the
pathogenesis of AP (128). Calcium signalling pathways have been shown to be disturbed in initial stages of AP (129). Under normal
and healthy circumstances, calcium concentrations are stable, while in pathological situations, several factors can impact intracellular
calcium concentrations and may lead to a rise in intracellular calcium levels causing a calcium overload.

Resveratrol administration can efficiently decrease the complications of AP by regulating intracellular calcium-modulatory pathways
and by decreasing calcium overload.

Micro-Palmitoylethanolamide

Della Rocca G, Gamba D.2021. Chronic Pain in Canine and Feline: Is There Place for Dietary Intervention with Micro-
Palmitoylethanolamide?
Animals (Basel). 29;11(4):952.

ABSTRACT

The management of chronic pain is an integral challenge of small animal veterinary practitioners. Multiple pharmacological agents are
usually employed to treat maladaptive pain including opiates, non-steroidal anti-inflammatory drugs, anticonvulsants, antidepressants,
and others. In order to limit adverse effects and tolerance development, they are often combined with non-pharmacologic measures
such as acupuncture and dietary interventions. Accumulating evidence suggests that non-neuronal cells such as mast cells and
microglia play active roles in the pathogenesis of maladaptive pain. Accordingly, these cells are currently viewed as potential new
targets for manageing chronic pain. Palmitoylethanolamide is an endocannabinoid-like compound found in several food sources

and considered a body’s own analgesic. The receptor-dependent control of non-neuronal cells mediates the pain-relieving effect

of palmitoylethanolamide. Accumulating evidence shows the anti-hyperalgesic effect of supplemented palmitoylethanolamide,
especially in the micronized and co-micronized formulations (i.e., micro-palmitoylethanolamide), which allow for higher bioavailability.
In the present paper, the role of non-neuronal cells in pain signalling is discussed and a large number of studies on the effect of
palmitoylethanolamide in inflammatory and neuropathic chronic pain are reviewed. Overall, available evidence suggests that there is
place for micro-palmitoylethanolamide in the dietary management of chronic pain in canine and feline.

Marija Brankovi , Tijana Gmizi , Marija Duki , Marija Zdravkovi , Branislava Daskalovi , Davor Mrda, Novica Nikoli , Milica Brajkovi ,
Gojgi M, Jovana Lalatovi , et al. 2024. Therapeutic Potential of Palmitoylethanolamide in Gastrointestinal Disorders.
Antioxidants. 13(5):600-600.

ABSTRACT

Palmitoylethanolamide (PEA) is an endocannabinoid-like bioactive lipid mediator belonging to the family of N-acylethanolamines, most
abundantly found in peanuts and egg yolk. When the gastrointestinal (Gl) effects of PEA are discussed, it must be pointed out that it
affects intestinal motility but also modulates gut microbiota. This is due to anti-inflammatory, antioxidant, analgesic, antimicrobial, and
immunomodulatory features. Additionally, PEA has shown beneficial effects in several Gl diseases, particularly irritable bowel syndrome
and inflammatory bowel diseases, as various studies have shown, and it is important to emphasize its relative lack of toxicity, even at
high dosages. Unfortunately, there is not enough encanineenous PEA to treat disturbed gut homeostasis, even though it is produced

in the Gl tract in response to inflammatory stimuli, so exogenous intake is mandatory to achieve homeostasis. Intake of PEA could be
through animal and/or vegetable food, but bearing in mind that a high dosage is needed to achieve a therapeutic effect, it must be
compensated through dietary supplements. There are still open questions pending to be answered, so further studies investigating
PEA’s effects and mechanisms of action, especially in humans, are crucial to implementing PEA in everyday clinical practice.
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DESCRIPTION

RENOFOCUS OIL IS
INDICATED FOR USE AS

A NUTRITIONALAID IN
CANINE AND FELINE IN THE
MANAGEMENT OF EARLY
STAGE RENAL DISEASE.
MAY ALSO BE USED AS A
PREVENTATIVE AID.

4

COMPOSITION

EACH ML CONTAINS:
Linoleic ACId ...cocvvvveeeeeeeeeeeeeeee 233mg
Linolenic ACIA ... 12mg
Gamma Linolenic Acid .............. 2mg
Eicosapentaenoic Acid (EPA)

Docosahexanoic Acid (DHA) .........45mg
Vitamin B12 e 2mg
PyridoXine .....ccccovveevveeeeceeereeeeeeenenenn 6mg
FOlic ACIA i 30mg
Vitamin E oo 10mg
Co-Enzyme QIO ....cooveviecieeieiies 10mg
Hydrolised Chicken Liver ................ 1909

Contains: Krill Oil, Salmon Oil
and Cold Water Fish Qils.
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stage 1 & 2 Renal Diseases where the
beneficial effects of low levels of Omega
6 and high levels of Omega-3 (DHA &
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PACKAGING

® 200ml
® 500ml
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dosages

Easy to feed - palatable oil,
gravy or paste formulation.

Vet-Only
ad infinitum

Q0006
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(Iml) over wet or dry food per 5kg of
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(Iml) over wet or dry food per 5kg of
the feline or canine body weight ONCE
per day for as long as clinically needed.
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RENOFOCUS OIL

Dear Veterinarian

RenoFocus Qil is the first and currently the only Theraceutical product in South Africa that is registered and marketed as an aid in
the prevention and management of mild to moderate Chronic Renal Disease (CRD) in Canine and Feline. This product is available
from your veterinary wholesaler.

RenoFocus QOil is a unique evidence-based Theraceutical, combination product, that contains a combination of elements that have
been proven to retard the progression of Chronic Renal Disease (CRD) in Canine and Feline whilst also addressing the complex
pathophysiology and symptoms of mild to moderate CRD. RenoFocus Tablets and RenoFocus Powder in contrast, have been
formulated to address severe to end-stage CRD, where the progression of CRD may no longer be so effectively ameliorated but
rather the treatment of uremia and other end stage symptoms is paramount.

RenoFocus Oil is specifically indicated as an aid in the protection of kidney function and integrity in canine and feline suffering from
early kidney disease. It is also indicated as an aid in the adjunct treatment of mild to moderate kidney disease in Canine and Feline.

RenoFocus Oil contains science-based dosages of high potency, oxidatively stable, Omega 3 (DHA, EPA & Gamma Linolenic Acid ) oils
uniquely derived from Krill, Salmon and deep sea cold water Fish oils. (See article by Ong KL et al. in the reference list below), Omega 6
(Linoleic Acid), Co-Enzyme Q10, Vitamins C, E and B12, Folic Acid and hydrolysed Chicken Liver.

The low Omega 6 : 3 ratio in RenoFocus oil of 1.6 : 1is renoprotective compared to higher Omega 6:3 ratios that may contribute to
further renal damage. The addition of Co-Enzyme Q10 to the diet have also been conclusively proven to be renoprotective.
Supplementation with high levels of the abovementioned vitamins is indicated in early as well as late stage CRD.

As with all other VetsBrands products RenoFocus oil is also exclusively Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc)

Extracts of Scientific Publications
Omega 3 PUFA (DHA/EPA)

Brown SA, Brown CA, Crowell WA, Barsanti JA, Finco DR. 1996. Does Modifying Dietary Lipids Influence the Progression of Renal
Failure?
Veterinary Clinics of North America: Small Animal Practice. 26(6):1277-1285.

ABSTRACT

Recent studies have identified important effects of dietary fatty acid composition in animals with chronic renal disease, particularly

in canine. The theoretic basis for these effects provides a rationale for the use of diets enriched with omega-3 (but not omega-6)
polyunsaturated fatty acids. A therapeutic trial with a diet enriched with omega-3 polyunsaturated fatty acids should be considered as
a manoeuvre designed to slow the rate of progression of chronic renal disease in canine.

Brown SA, Brown CA, Crowell WA, Barsanti JA, Allen T, Cowell C, Finco DR. 1998. Beneficial effects of chronic administration of dietary
-3 polyunsaturated fatty acids in canine with renal insufficiency.
Journal of Laboratory and Clinical Medicine. 131(5):447-455.

ABSTRACT

Dietary supplementation with polyunsaturated fatty acids (PUFA) alters the course of experimental renal disease in rats. However,
chronic renal disease in other laboratory animals and in human beings frequently responds differently to experimental manipulations.
We investigated the effects of variations in dietary PUFA composition on the chronic course of induced renal disease in canine. Two
months after nephrectomy, canine were randomly divided into three groups of seven animals each. For the next 20 months, each group
of canine was fed a low-fat basal diet supplemented with one of three sources of lipid to achieve a final concentration of 15% added

fat. Fat sources provided -3 PUFA (menhaden fish oil, group FO), -6 PUFA (safflower oil, group SO), or saturated fatty acids (beef
tallow, group BT). Throughout the dietary trial, the magnitude of proteinuria and the plasma concentrations of creatinine, cholesterol,
and triglyceride were lower in group FO. The mean overall glomerular filtration rate was 0.89 3 0.18 ml/min per kilogram of body weight
in group SO, a value that was significantly less (p < 0.05) than the corresponding values for groups BT and FO (1.213 0.18 and 1.43 3
0.20 ml/min/kg, respectively). Renal interstitial fibrosis also was significantly elevated in group SO. The extents of mesangial matrix
expansion, glomerulosclerosis, and renal interstitial cellular infiltrate were similar in groups BT and SO, but lower (p < 0.05) in group FO.
We conclude that supplementation with -6 PUFA enhanced renal injury; supplementation with -3 PUFA was renoprotective.

Brown SA. 2008. Oxidative stress and chronic kidney disease.
Vet Clin North Am Small Anim Pract. Jan;38(1):157-66, vi. doi: 10.1016/j.cvsm.2007.11.001. PMID: 18249247

ABSTRACT

Slowing the rate of progression of chronic kidney disease (CKD) is a critical part of the management of affected canine and feline. Renal
oxidant stress is a previously unrecognized factor in the progression of canine CKD and is likely to be similarly important in feline CKD.
Renin-angiotensin antagonism, calcium channel antagonism, n-3 polyunsaturated fatty acid, and antihypertensive and antiproteinuric
therapy are commonly recommended for canine and feline with CKD. These therapies would be expected to reduce renal oxidant stress
by decreasing reactive oxygen species generation. Newer data indicate that dietary supplementation with specific antioxidants is an
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important consideration for limiting renal oxidant stress and progression of CKD.

Brown SA, Brown CA, Crowell WA, Barsanti JA, Kang C-W, Allen T, Cowell C, Finco DR. 2000. Effects of dietary polyunsaturated fatty
acid supplementation in early renal insufficiency in canine.
Journal of Laboratory and Clinical Medicine. 135(3):275-286.

ABSTRACT
Dietary supplementation with polyunsaturated fatty acids (PUFAs) alters the course of experimental kidney disease in canine. In
particular, supplementation with -6 PUFAs hastens the decline of kidney function, and -3 PUFAs are renoprotective. We investigated
the early stages of renal insufficiency to determine whether PUFA supplementation altered the magnitude of hypercholesterolemia or
glomerular hemodynamics. Two months after 11/12 nephrectomy, canine were randomly divided into three groups of 6 animals each.
Each group of canine was then fed a low-fat basal diet supplemented with one of three sources of lipid to achieve a final concentration
of 15% added fat. Fat sources were rich in -3 PUFAs (menhaden fish oil, group FO), -6 PUFAs (safflower oil, group SO), or saturated
fatty acids (beef tallow, group C). Early in renal insufficiency, before significant kidney damage, group FO had a lower (P <.05) serum
cholesterol concentration and tended to have a lower urinary prostaglandin E2 (PGE2) and thromboxane A2 (TxA2) excretion than
group C. In contrast, group SO had a higher mean glomerular capillary pressure (P <.05) and more glomerular enlargement (P <.05)
and tended to have higher eicosanoid excretion rates than group C. These differences in lipid metabolism, glomerular hypertension and
hypertrophy, and urinary eicosanoid metabolism could explain, in part, the beneficial effects of -3 PUFAs and the detrimental effects of
-6 PUFAs when administered on a long-term basis in this model of renal insufficiency. (J Lab Clin Med 2000;135:275-86)

Mori TA, Burke V, Puddey IB, Irish AB, Cowpland CA, Beilin LJ, Caninera GK, Watts GF. 2009. The effects of 3 fatty acids and coenzyme
Q10 on blood pressure and heart rate in chronic kidney disease: a randomised controlled trial.
Journal of Hypertension. 27(9):1863-187

ABSTRACT

Background and objective: Chronic kidney disease (CKD) associates with increased cardiovascular disease (CVD) risk. Hypertension is a
major determinant of progression of CKD. Omega-3 fatty acids ( 3FA) protect against CVD via improvements in blood pressure, heart
rate, vascular reactivity and serum lipids. Coenzyme Q10 (CoQ) may improve blood pressure and vascular function. This study determined
whether 3FA and CoQ have independent or additive effects in improving the cardiovascular profile, particularly blood pressure and heart
rate, in nondiabetic patients with CKD stages 3-4.

Conclusion: This study has shown that 3FA reduce blood pressure, heart rate and triglycerides in patients with CKD. CoQ had no
independent effect on blood pressure but increased heart rate. These results show that 3FA lower blood pressure and may reduce
cardiovascular risk in nondiabetic patients with moderate-to-severe CKD.

Barden AE, Burke V, Mas E, Beilin LJ, Puddey IB, Watts GF, Irish AB, Mori TA. 2015. n-3 fatty acids reduce plasma
20-hydroxyeicosatetraenoic acid and blood pressure in patients with chronic kidney disease.
Journal of Hypertension. 33(9):1947-1953

ABSTRACT

Background: Metabolism of arachidonic acid by cytochrome P450 -hydroxylase leads to the formation of 20-hydroxyeicosatetraenoic

acid (20-HETE) that regulates vascular function, sodium homeostasis and blood pressure (BP). Supplementation with n-3 fatty acids is

known to alter arachidonic acid metabolism and reduce the formation of the lipid peroxidation products F2-isoprostanes, but the effect
of n-3 fatty acids on 20-HETE has not been studied.

Method: We previously reported a significant effect of n-3 fatty acids but not coenzyme Q10 (CoQ) to reduce BP in a double-blind,

placebo-controlled intervention, wherein patients with chronic kidney disease (CKD) were randomised to n-3 fatty acids (4 g), CoQ
(200 mg), both supplements or control (4 g olive oil), daily for 8 weeks. This study examined the effect of n-3 fatty acids on plasma
and urinary 20-HETE in the same study, as well as plasma and urinary F2-isoprostanes, and relate these to changes in BP.

Results: Seventy-four patients completed the 8-week intervention. n-3 fatty acids but not CoQ significantly reduced plasma 20-HETE
(P = 0.001) and F2-isoprostanes (P < 0.001). In regression models adjusted for BP at baseline, postintervention plasma 20-HETE was a
significant predictor of the fall in SBP (P < 0.0001) and DBP (P < 0.0001) after n-3 fatty acids.

Conclusion: This is the first report that n-3 fatty acid supplementation reduces plasma 20-HETE in humans and that this associates with
reduced BP. These results provide a plausible mechanism for the reduction in BP observed in patients with CKD following n-3 fatty acid
supplementation.

Ong KL, Marklund M, Huang L, Rye KA, Hui N, et al.2023. Association of omega 3 polyunsaturated fatty acids with incident chronic
kidney disease: pooled analysis of 19 cohorts.
BMJ. 2023 Jan 18;380:e072909. doi: 10.1136/bmj-2022-072909. PMID: 36653033; PMCID: PMC9846698

ABSTRACT

Objective: To assess the prospective associations of circulating levels of omega 3 polyunsaturated fatty acid (n-3 PUFA) biomarkers
(including plant derived linolenic acid and seafood derived eicosapentaenoic acid, docosapentaenoic acid, and docosahexaenoic
acid) with incident chronic kidney disease (CKD).

Results: 25 570 participants were included in the primary outcome analysis and 4944 (19.3%) developed incident CKD during follow-up
(weighted median 11.3 years). In multivariable adjusted models, higher levels of total seafood n-3 PUFAs were associated with a lower
incident CKD risk (relative risk per interquintile range 0.92, 95% confidence interval 0.86 to 0.98; P=0.009, 12=9.9%). In categorical
analyses, participants with total seafood n-3 PUFA level in the highest fifth had 13% lower risk of incident CKD compared with those

in the lowest fifth (0.87, 0.80 to 0.96; P=0.005, 12=0.0%). Plant derived linolenic acid levels were not associated with incident CKD
(1.00, 0.94 to 1.06; P=0.94, 12=5.8%). Similar results were obtained in the sensitivity analysis. The association appeared consistent across
subgroups by age (=60 v <60 years), estimated glomerular filtration rate (60-89 v =90 mL/min/1.73 m2), hypertension, diabetes, and
coronary heart disease at baseline.
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Conclusions: Higher seafood derived n-3 PUFA levels were associated with lower risk of incident CKD, although this association was not
found for plant derived n-3 PUFAs. These results support a favourable role for seafood derived n-3 PUFAs in preventing CKD.

Omega 3 (DHA, EPA & Gamma Linolenic Acid) Omega 6 (Linoleic Acid) ratio

Biagi G, Mordenti A.L, Cocchi M. 2004. The role of dietary omega-3 and omega-6 fatty acids in the nutrition of canine and feline: a
review.
Progress in nutrition. - ISSN 1129-8723. - STAMPA. - 6:(2004), pp. 97-10

ABSTRACT

Omega-3 and omega-6 fatty acids are essential in all mammalians for normal growth and prevention of several diseases. Because of
the seed oil production tendencies and the feeding techniques of farm animals, in the Western countries, diets for humans as well as
homemade diets for canine and feline are usually very high in omega-6 and low in omega-3 fatty acids. Several studies have shown that
an optimal omega-6/omega-3 fatty acid ratio (about 6 to 1) in the diet of canine and feline may reduce the incidence of some diseases,
such as cancer and sudden cardiac death. Furthermore, the use of fatty acid supplements has proved to be beneficial in the treatment
of several pathogenic conditions, such as chronic inflammatory diseases, atopy, chronic renal insufficiency, and some types of cancer.
Therefore, particular attention should be paid to the type and quantity of fat sources that are used when diets for canine and feline are
formulated, in order to assure the optimal amount and balance of omega-3 and omega-6 fatty acids in the food.

Kumar M, Sarma K, Saravanan M, Mondal DB. 2011.Dietary management of chronic renal failure cases in canine.
Vet Practioner. 12(1): 40

EXTRACT FROM ARTICLE
The optimum quantity of omega 3 PUFA supplementation and ratio of omega 3 / omega 6 PUFA have not been conclusively
established.

Brown S A. 2007 How to use long chain omega 3 fatty acids in the treatment of renal disease.
The North American Veterinary Conference. https://www.cabidigitallibrary.org/doi/pdf/10.5555/20073237258

EXTRACT FROM ARTICLE

Dietary polyunsaturated fatty acids (PUFA) may alter the long-term course of renal injury. Canine with spontaneous kidney diseases
exhibit alterations in vasoactive urinary eicosanoid excretion; these changes were interpreted to support a role for glomerular
hyperfiltration in progressive canine renal injury. Interestingly, short-term studies in canine with naturally occurring kidney disease
indicate that supplementation with omega-6 PUFA led to increased glomerular filtration rate. However, in studies of induced kidney
disease, the long-term effects of similar supplementation (15% safflower oil; providing approximately 12% omega6 PUFA on a dry matter
basis) were deleterious: elevated intraglomerular pressure, increased renal eicosanoid series-2 excretion, and hastened progression

of renal failure. It appears that the increase in glomerular pressure caused by omega-6 PUFA supplementation may be of short-term
benefit as a GFR-enhancing response in canine with spontaneous kidney disease. However, on the basis of studies in induced kidney
disease, glomerular hypertension caused by omega-6 PUFA is detrimental in the long run. In contrast, dietary supplementation

with 15% menhaden oil (providing approximately 4% omega-3 PUFA on a dry matter basis) lowered glomerular pressure, decreased
renal eicosanoid series-2 excretion, and provided renoprotection. Dietary supplementation with lesser amounts of menhaden fish oil
(providing approximately 0.6% omega-3 PUFA on a dry weight basis) reduced the dietary omega-6:o0mega-3 PUFA ratio from 50:1 to 5:1
and lowered glomerular pressure and altered urinary excretion of eicosanoids. This latter dietary maneuver is likely to be of long-term
benefit to delay progression of renal injury, though it remains to be established in canine with spontaneous kidney disease.

Co-Enzyme Q10

Bakhshayeshkaram M, Lankarani KB, Mirhosseini N, Tabrizi R, Akbari M, Dabbaghmanesh MH, Asemi Z. 2019. The Effects of Coenzyme
Q10 Supplementation on Metabolic Profiles of Patients with Chronic Kidney Disease: A Systematic Review and Meta-analysis of
Randomised Controlled Trials.

Current Pharmaceutical Design. 24(31):3710-3723

ABSTRACT
Background: This systematic review and meta-analysis of Randomised Controlled Trials (RCTs) were conducted to determine the effects
of coenzyme Q10 (CoQ10) supplementation on metabolic profiles of patients diagnosed with Chronic Kidney Disease (CKD).

Methods: Two independent reviewers systematically searched online databases including PubMed, Cochrane Library, and Web of
Science databases, Scopus, EMBASE until July 2018 to identify eligible clinical trials. The heterogeneity across included trials was
assessed using Cochran’s Q test and I-square (12) statistic. Cochrane Collaboration risk of bias tool was applied to evaluate the quality
of selected RCTs. Standardized mean difference (SMD) and 95% Confidence Interval (Cl) between two groups of intervention were used
to determine pooled effect sizes.

Results: Out of 721 potential papers, 7 RCTs were appropriate to be included in our meta-analysis. The pooled results revealed that
CoQ10 supplementation significantly reduced total-cholesterol (SMD=-0.58; Cl, -0.94, - 0.21; P=0.002; 12: 54.9), LDL-cholesterol (SMD=-
0.47; 95% Cl, -0.78, -0.17; P=0.003; 12:00.0), malondialdehyde (MDA) (SMD=-3.0; 95% ClI, -5.10, -0.90; P=0.005; 12: 95.4) and creatinine
levels (SMD=-1.65; 95% Cl, - 2.75, -0.54; P=0.003; 12: 95.0) in patients diagnosed with CKD. Triglycerides, HDL-cholesterol, fasting
glucose, insulin, homeostasis model assessment of insulin resistance (HOMA-IR), and C-reactive protein (CRP) concentrations did not
affect following CoQ10 supplementation.

Conclusion: Overall, the current meta-analysis demonstrated that CoQ10 supplementation significantly improved metabolic profile in
patients with CKD by reducing total cholesterol, LDL-cholesterol, MDA and creatinine levels, yet it did not affect fasting glucose, insulin,
HOMA-IR, and CRP concentrations.

Ishikawa A, Hiroo Kawarazaki, Ando K, Fujita M, Fujita T, Homma Y. 2010. Renal preservation effect of ubiquinol, the reduced form of
coenzyme QI10.
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Clinical and experimental nephrology. 15(1):30-33.

ABSTRACT
Background: The aim of this study was to evaluate the renal preservation effect of ubiquinol, the reduced form of coenzyme Q10
(CoQ10).

Methods: Three-week-old heminephrectomized male Sprague-Dawley rats were divided into three groups (10 animals each): diet with
normal (0.3%) salt, high (8%) salt, and high salt plus 600 mg/kg body weight/day of ubiquinol, for 4 weeks. Systolic blood pressure
(SBP), urinary albumin (u-alb), superoxide anion generation (lucigenin chemiluminescence) and ubiquinol levels in renal tissues were
examined.

Results: Salt loading increased SBP (111.0 3 3.6 vs. 169.4 3 14.3 mmHg, p < 0.01) and u-alb (43.8 3 28.0 vs. 2528.7 3 1379.0 Qg/day, p <
0.02). These changes were associated with stimulation of superoxide generation in the kidney (866.3 3 102.8 vs. 2721.4 3 973.3 RLU/g
kidney, p < 0.01). However, ubiquinol decreased SBP (143.9 3 29.0 mmHg, p < 0.05), u-alb (256.1 3 122.1 Qg/day, p < 0.02), and renal
superoxide production (877.8 3195.6 RLU/g kidney, p < 0.01), associated with an increase in renal ubiquinol levels.

Conclusion: Ubiquinol, the reduced form of CoQ10, effectively ameliorates renal function, probably due to its antioxidant effect. Thus,
ubiguinol may be a candidate for the treatment of patients with kidney disease.

Ustuner MA, Kaman D, Colakoglu N. 2017. Effects of benfotiamine and coenzyme Q10 on kidney damage induced gentamicin.
Tissue and Cell. 49(6):691-696.

ABSTRACT
Objective: Gentamicin (GM) is an effective antibiotic against severe infection but has limitations related to nephrotoxicity. In this study,
we investigated whether benfotiamine (BFT) and coenzyme Q10 (CoQ10), could ameliorate the nephrotoxic effect of GM in rats.

Methods: Rats were divided into five groups. Group 1 and 2 served as control and sham respectively, Group 3 as GM group, Group 4
as GM + CoQ10 and Group 5 as GM + BFT for 8 days. At the end of the study, all rats were euthanized by cervical decapitation and
then blood samples and kidneys were collected for further analysis. Serum urea, creatinine, cytokine TNF-a, oxidant and antioxidant
parameters, as well as histopathological examination of kidney tissues were assessed.

Results: Gentamicin administration caused a severe nephrotoxicity which was evidenced by an elevated serum creatinine, urea

and KIM-1 level as compared with the controls. Moreover, a significant increase in serum malondialdehyde, reduced glutathione.
Histopathological examination of renal tissue in gentamisin administered group, there were extremely pronounced necrotic tubules in
the renal cortex and hyalen cast accumulation in the medullar tubuli. BFT given to GM rats reduced these nephrotoxicity parameters.
Serum creatinine, urea, and KIM-1 were almost normalized in the GM + BFT group. Benfotiamin treatment was significantly decreased
necrotic tubuli and hyalen deposition in gentamisin plus benfotiamin group. CoQ10 given to GM rats did not cause any statistically
significant alterations in these nephrotoxicity parameters when compared with GM group but histopathological examination of renal
tissue in GM + CoQ10 administered group, CoQ10 treatment was decreased necrotic tubuli rate and hyalen accumulation in tubuli.

Conclusion: The results from our study indicate that BFT supplement attenuates gentamicin-induced renal injury via the amelioration of
oxidative stress and inflammation of renal tubular cells.

Vitamin E and B12

Biniaz V, Sadeghi Shermeh M, Ebadi A, Tayebi A, Einollahi B. 2013. Effect of Vitamin C Supplementation on C-reactive Protein Levels in
Patients Undergoing Hemodialysis: A Randomised, Double Blind, Placebo-Controlled Study.
Nephro-Urology Monthly. 6(1)

ABSTRACT
Background: Chronic inflammation is the most important cause of cardiovascular disease in patients undergoing hemodialysis, and
vitamin C as a major antioxidant which could be effective to suppress inflammation.

Objectives: This study was performed to evaluate the effect of vitamin C supplementation on C-reactive protein levels in patients
undergoing hemodialysis.

Patients and methods: This randomised, placebo-controlled and double-blind trial was conducted on 151 patients on hemodialysis

who were divided randomly by lottery method to three identical groups. In the intervention group, 250 mg of vitamin C was injected
intravenously immediately at the end of each hemodialysis session three times a week for 8 weeks in a row. In the control group 1, same
term of placebo saline was injected, and in the control group 2, no intervention was performed.

Results: A total of 86 (61%) male and 55 female patients with mean hemodialysis duration of 39.74 3 45.5 months, and a mean age
of 61.36 3 11.46 years-old, participated in this study. Hypertension and diabetes were the most common underlying diseases (79.4%).
Median baseline CRP in the intervention, control 1 and control 2 groups were 16.8, 17.8, and 19.4 mg/L respectively. After 2 months,
median CRP reduced significantly in the vitamin C group to 10.7 (P = 0.04) vs. 22.6, and 30.6 mg/L in control groups.

Conclusions: Our findings demonstrated that vitamin C supplementation modifies the levels of CRP in patients on hemodialysis.

Sirover WD, Liu Y, Logan A, Hunter K, Benz RL, Prasad D, Avila J, Thaliga Venkatchalam, Weisberg LS, Handelman GJ. 2015. Plasma
Ascorbic Acid Concentrations in Prevalent Patients With End-Stage Renal Disease on Hemodialysis.
Journal of renal nutrition. 25(3):292-300.

ABSTRACT

Objective: To determine the prevalence of vitamin C (ascorbic acid (AA)) deficiency in patients with end-stage renal disease, the effect
of supplemental AA on plasma AA concentrations, and the extrinsic and intrinsic factors that affect plasma AA concentrations in this
patient population.
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Design: In study 1, we compared the effect of hemodialysis (HD) on plasma AA concentrations between patients with low and high
pre-HD AA concentrations. In study 2, we analysed kinetic and nonkinetic factors for their association with increased plasma AA
concentrations in patients on

maintenance HD. Study 1 was performed in a single outpatient HD clinic in Cherry Hill, New Jersey. Study 2 was performed in 4
outpatient HD clinics in Southern New Jersey.

Subjects and intervention: In study 1, we collected plasma samples from 8 adult patients on maintenance HD at various time points
around their HD treatment and assayed them for AA concentration. In study 2, we enrolled 203 adult patients and measured pre-HD
plasma AA concentrations. We ascertained supplemental AA use and assessed dietary AA intake.

Main outcome measure: In study 1, plasma AA concentrations were compared during the intradialytic and interdialytic period. In study 2,
pre-HD plasma AA concentrations were correlated with supplement use and demographic factors.

Results: Study 1 showed that over the course of a single HD treatment, the plasma AA concentration decreased by a mean (3standard
deviation) of 60% (36.6). In study 2, the median pre-HD plasma AA concentration was 15.7 QM (interquartile range, 8.7-66.8) in
patients who did not take a supplement and 50.6 QM (interquartile range, 25.1-88.8) in patients who did take a supplement (P < .007).
Supplement use, increasing age, and diabetes mellitus were associated with a pre-HD plasma AA concentration =30 QM.

Conclusion: HD depletes plasma AA concentrations, and AA supplementation allows patients to achieve higher plasma AA
concentrations.

Mohamed Alaa Thabet, James. 2006. Vitamin E in renal therapeutic regimens.
Pediatric nephrology. 21(12):1790-1801.

ABSTRACT

Administration of vitamin E in children with immunoglobulin A (IgA) nephropathy, focal segmental glomerulosclerosis (FSGS) and
type | diabetes demonstrated potential towards ameliorating progression. Oral vitamin E therapy reduced endothelial dysfunction, lipid
peroxidation and oxidative stress in patients with chronic kidney failure (CKF). Moreover, the use of vitamin E-bonded hemodialyzers
reduced atherosclerotic changes, erythropoietin dosage and muscular cramps in patients on hemodialysis (HD). However, several
controlled clinical trials failed to document beneficial effects on the study subjects’ cardiovascular and renal outcomes. A recent report
of increased all-cause mortality in adult patients receiving high dose vitamin E therapy has caused considerable concern and debate.
These issues regarding the efficacy and safety of vitamin E in renal therapeutic regimens will be reviewed in this article.

Fryer MJ. 2000. Vitamin E as a protective antioxidant in progressive renal failure.
Nephrology. 5(1-2):1-7.

ABSTRACT

Progression to renal failure is significantly worsened by oxidative stress in chronic inflammatory kidney disease (IgA nephropathy,
antiglomerular basement membrane nephritis, focal segmental glomerulosclerosis), rhabdomyolysis (myoglobinic acute renal failure),
diabetic nephropathy and in poisoning by nephrotoxic compounds such as transition metals, paraquat and drugs such as cyclosporine
A and cisplatin. The membrane antioxidant vitamin E ( -tocopherol) is examined as a potential therapeutic intervention that may help
to slow the rate of decline of kidney function in such conditions. An impaired plasma antioxidant defence system is characteristic of
chronic renal failure and the uremic state. Vitamin E therapy is also considered as a means of correcting plasma antioxidant status and
attenuating the cardiovascular disease that accompanies kidney failure.

Hossein Najafzadeh Varzi, Saleh Esmailzadeh, Morovvati H, Reza Avizeh, Shahriari A, Maryam Ezzati Givi. 2007. Effect of silymarin and
vitamin E on gentamicin-induced nephrotoxicity in canine.
Journal of Veterinary Pharmacology and Therapeutics. 30(5):477-481.

ABSTRACT

Drug-induced nephrotoxicity is an important cause of renal failure in canine. Aminoglycoside antibiotics, such as gentamicin, can
produce nephrotoxicity in canine, due to in part to an imbalance of pro- and antioxidants (oxidative stress). Silymarin (the mixture of
flavonolignans extracted from Silybum marianum) has potentially beneficial antioxidant properties. A control group (saline, group 1, n

= 5) was compared with canine that were administrated gentamicin by intramuscular injection, at dosage of 20 mg/kg, once daily for 9
days (groups 2-5, n = 5 per group). The effects of vitamin E (group 3) and silymarin (group 4) alone and in combination (group 5) were
compared for induced nephrotoxicity.

Renal function was assessed using serum biochemical markers (creatinine and urea). Malondialdehyde (MDA) concentration were
measured as a marker of lipid peroxidation. The activity of total serum antioxidants (TSAQO) was assessed as a marker of antioxidant
defences.

Serum creatinine and urea concentrations were increased significantly and TSAO was decreased significantly in group 2 compared with
group 1. Serum creatinine concentrations but not urea concentrations were significantly lower in groups 3 and 4 than in group 2 (P =
0.001). Serum MDA concentrations was significantly different between groups 2 and 3 (P = 0.01), 2 and 4 (P < 0.001) and 4 and 5 (P =
0.01). TSAO activity was significantly in group 4 (silymarin) than in group 2 (P = 0.002). Silymarin and vitamin E decreased gentamicin-
induced nephrotoxicity in canine.

Dandge VA, Variya D. 2020. Study of vitamin B12 deficiency in chronic kidney disease.
International Journal of Advances in Medicine. 7(2):303-307. doi:https://doi.org/10.18203/2349-3933.ijam20200085.

ABSTRACT

Chronic Kidney Disease (CKD) is an emerging public health issue with a fast-growing global prevalence. Impairment in vitamin B12
metabolism is considered a nontraditional risk factor of poor outcomes associated with CKD, and there is greater interest from the
scientific community than ever before to explore the role and influence of vitamin B12 in CKD. Homocysteine metabolism forms an
important component of the vitamin B12 metabolic pathway. Hyperhomocysteinemia is frequently observed in CKD and End-Stage
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Kidney Disease (ESKD), but its representation as a prognostic marker for CKD outcomes is still not fully clear. This chapter reviews the
vitamin B12 and homocysteine metabolic pathways and their dysfunction in CKD states. Biochemical factors and the MTHFR genetic
polymorphisms which disrupt vitamin B12 and homocysteine metabolism are explored. The mechanisms of homocysteine-mediated and
vitamin B12-mediated tissue damage in CKD are discussed. This chapter reviews current perspective on definition and measurement of
plasma vitamin B12 levels in the CKD population. Updated evidence investigating the prognostic role of vitamin B12 for CKD outcomes
is presented. Findings from major clinical trials conducted relating to outcomes from multivitamin (including folic acid and vitamin B12)
supplementation in nondialysis and dialysis-dependent CKD are highlighted. The prognostic value of vitamin B12 and effects of vitamin
B12 supplementation in the context of kidney transplantation and acute kidney injury is also reviewed. Future research considerations
are summarised based on evidence gaps in our knowledge base of this topic. Greater abundance of high-level evidence to guide an
approach toward vitamin B12 measurement, monitoring and supplementation in CKD may contribute to improved clinical outcomes.

Folic Acid

Xu X, Qin X, Li Y, Sun D, Wang J, Liang M, Wang B, Huo Y, Hou FF. 2016. Efficacy of Folic Acid Therapy on the Progression of Chronic
Kidney Disease.
JAMA Internal Medicine. 176(10):1443.

ABSTRACT
Importance The efficacy of folic acid therapy on renal outcomes has not been previously investigated in populations without folic acid
fortification.

Objective: To test whether treatment with enalapril and folic acid is more effective in slowing renal function decline than enalapril alone
across a spectrum of renal function at baseline from normal to moderate chronic kidney disease (CKD) among Chinese adults with
hypertension.

Results: Overall, 15 104 Chinese adults with a mean (range) age of 60 (45-75) years were recruited; median follow-up was 4.4 years.
There were 164 and 132 primary events in the enalapril group and the enalapril-folic acid group, respectively. Compared with the
enalapril group, the enalapril-folic acid group had a 21% reduction in the odds of the primary event (odds ratio (OR), 0.79; 95% ClI,
0.62-1.00) and a slower rate of eGFR decline (1.28% vs 1.42% per year; P = .02). Among the participants with CKD at baseline, folic acid
therapy resulted in a significant reduction in the risks for the primary event (OR, 0.44; 95% Cl, 0.26-0.75), rapid decline in renal function
(OR, 0.67; 95% ClI, 0.47-0.96) and the composite event (OR, 0.62; 95% Cl, 0.43-0.90), and a 44% slower decline in renal function (0.96%
vs 1.72% per year, P < .001). Among those without CKD at baseline, there was no between-group difference in the primary end point.

Conclusions and relevance: Enalapril-folic acid therapy, compared with enalapril alone, can significantly delay the progression of CKD
among patients with mild-to-moderate CKD.

Other Scientific References

1 Brown SA, Brown CA, Crowell WA, Barsanti JA, Allen T, Cowell C, Finco DR. 1998. Beneficial effects of chronic administration of dietary
-3 polyunsaturated fatty acids in canine with renal insufficiency.
Journal of Laboratory and Clinical Medicine. 131(5):447-455.

2 Roudebush P, Polzin DJ, Adams LG, Towell TL, Forrester SD. 2010. An evidence-based review of therapies for canine chronic kidney
disease. Journal of Small Animal Practice. 51(5):244-252.
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DESCRIPTION

RENOFOCUS TABLETS IS
INDICATED FOR USE AS

A NUTRITIONALAID IN
CANINE AND FELINE IN THE
MANAGEMENT OF

MID TO END-STAGE

RENAL DISEASE.

4)

COMPOSITION

EACH TABLET CONTAINS:

Calcium Carbonate .....ccccoeevevevvneneee. 250mg
Potassium Citrate .250mg
Chitosan .... ..125mg
Vitamin B12 oo 5mg
Pyridoxine . ...15mg
FOlC ACIA oo 5mg
Vitamin C oo 75mg
Vitamin E .o 25mg
Co-Enzyme QIO ....cooeeveeciiieeiees 25mg

INDICATIONS

RenoFocus is indicated for use as a
nutritional aid in canine and feline in
the management of mid to end
stage renal disease.

PACKAGING

© 100 Tablets
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RENOFOCUS apters

RENOFOCUS

llable exclusively from Veterinarians and vet shopt

L
——

DIRECTIONS FOR USE

Supply 1 RenoFocus tablet per 10kg of
canine and feline body weight, twice
per day, for the first 10 days. After 10
days, reduce to 1tablet per 10kg of
canine and feline body weight, once
per day for the rest of the pet’s life. May
be used in conjunction with RenoFocus
Qil.

THERACEUTICALS

Exclusively sold
at veterinary
practices.

ADVANTAGES

Evidence-based
raw materials

Science-based dosages
of Chitosan, Calcium
Carbonate, Potassium
Citrate Co-Enzyme Q10
and co-factors

Optimum high potency
Chitosan phosphate binders
and alkalinising agents

Exceptional supportive
aid in the management of
renal disease syndromes

The ultimate nutra-ceutical
combination proven to
reduce mortality rate in
canine and feline with CRD

© 0060 06

VetsBrands

Quality assured by Vets




RENOFOCUS powner

DESCRIPTION

RENOFOCUS POWDER IS
INDICATED FOR USE AS

A NUTRITIONAL AID IN
CANINE AND FELINE IN THE
MANAGEMENT OF

MID TO END-STAGE

RENAL DISEASE.

@@

COMPOSITION

EACH KILOGRAM CONTAINS:

Calcium Carbonate .....ccccoceevevevevveveeeennns 509
Potassium Citrate .....ccoevvecccccccens 509
ChitoSaN .o 259
Vitamin B12 o 19
PYridOXine ... 39
FOIC ACIA o 19
Vitamin C oo 159
Vitamin E o 59
Co-Enzyme QIO ... 59

INDICATIONS

RenoFocus is indicated for use as a
nutritional aid in canine and feline
in the management of mid to end
stage 3 & 4 renal disease

PACKAGING

® 2509
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RENOFOCUS

Available exclusively from Veterinarians and vet shops

DIRECTIONS FOR USE

LOADING DOSE: Use 1g per 2kg

of canine and feline body weight, twice
per day, for the first 10 days.
MAINTENANCE DOSE: Use 1g per 2kg
of canine and feline body weight, once
per day for as long as clinically needed.

FEEDING INSTRUCTIONS

Option 1: Add dry powder over

wet or dry food.

Option 2: Mix 1 part powder and 2 parts
water and pour over food as a gravy.
Option 3: Mix 2 parts powder and 1 part
water to form a paste which can be
dosed with a syringe.

THERACEUTICALS

Exclusively sold
at veterinary
practices.

ADVANTAGES

Appetite enhancing gravy
formulation for optimal

management of end-stage
renal disease and anorexia

Evidence-based
raw materials

Science-based dosages
of Chitosan, Calcium
Carbonate, Potassium
Citrate Co-Enzyme Q10
and co-factors

Optimum high potency
Chitosan phosphate binders
and alkalinising agents

Exceptional supportive
aid in the management of
renal disease syndromes

The ultimate theraceutical
combination proven to
reduce mortality rate in
canine and feline with CRD

©O0 606 00 6

VetsBrands

Quality assured by Vets
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RENOFOCUS TABLETS & POWDER

Dear Veterinarian

RenoFocus tablets and powder are the first and currently the only Theraceutical product in South Africa that is registered and
marketed as an aid in the management of severe to end stage Chronic Renal Disease (CRD) in Canine and Feline.

RenoFocus tablets and powder is a unique evidence-based Theraceutical product that contains a combination of elements that has
been proven to be an aid in the management and support of severe to end stage Chronic Renal Disease (CRD) in Canine and Feline.
In addition, RenoFocus tablets and powder also address the complex pathophysiology and symptoms of severe to end-stage CRD.
RenoFocus Oil, in contrast, has been formulated to address the prevention and management of mild to moderate CRD. However,
combining the oil and tablets is recommended in moderate to severe cases where the management of the symptoms as well as
prevention of progression is indicated.

RenoFocus tablets and powder has been formulated to address severe to end stage CRD, where the progression of CRD may no longer
be so effectively ameliorated but rather the treatment of uremia and other end stage symptoms is paramount.

RenoFocus tablets and powder contains science-based dosages of Calcium Carbonate and Chitosan that acts as highly effective
phosphate binding agents. Chitosan has also been shown to be effective in reducing uremia. Potassium citrate addresses hypokalaemia
and metabolic acidosis, whilst Vitamins C, E and B complex supplies essential vitamins that are depleted in cases of CRD. The addition
of science-based dosages of Co-Enzyme Q10 has been proven to slow the progression of CRD and is considered as renoprotective.

As with all other VetsBrands products RenoFocus oil is also exclusively Vet-Only ad infinitum available to you as a Veterinarian from
your veterinary wholesaler.

Regards
Dr Ockert Botha (BVSc)

Extracts of Scientific Publications
Calcium Carbonate

Slatopolsky E, Weerts C, Lopez-Hilker S, Norwood K, Zink M, Windus D, Delmez J. 1986. Calcium Carbonate as a Phosphate Binder in

Patients with Chronic Renal Failure Undergoing Dialysis.
New England Journal of Medicine. 315(3):157-161.

ABSTRACT

Phosphate binders that contain aluminum are frequently prescribed to treat hyperphosphatemia in patients with chronic renal failure,
but an accumulation of aluminum can lead to osteomalacia. To evaluate the efficacy of calcium carbonate as an alternative phosphate
binder, we studied 20 patients maintained on dialysis during three consecutive periods. In period 1, the patients took aluminum
hydroxide for a month (mean dose, 5.6 g per day; range, 1.5 to 14.0). In period 2, they took no phosphate binders for a month, and in
period 3, they took calcium carbonate (Os-Cal) for two months (mean dose, 8.5 g per day; range, 2.5 to 17).

The mean (3SE) serum calcium level during period 1 was 9.630.2 mg per deciliter; this decreased slightly (to 9.330.1) during period 2
and increased to 10.030.2 during period 3. The mean (3SE) serum phosphorus level during period 1 was 4.830.1 mg per deciliter; this
increased to 7.330.3 during period 2, but returned to the control value (4.830.2) during period 3. Six of the 20 patients continued to
need aluminum hydroxide during period 3 for satisfactory control of hyperphosphatemia.

Calcium carbonate successfully lowered serum phosphorus levels and raised serum calcium levels in the majority of our patients,
thereby confirming that this agent may be a satisfactory substitute for traditional phosphate binders that contain aluminum. The
possibility that long-term treatment could cause such side effects as metastatic calcification will require further investigation. (N Engl J
Med 1986;315:157-61.)

Polzin DJ. 2013. Evidence-based step-wise approach to manageing chronic kidney disease in canine and feline.
Journal of Veterinary Emergency and Critical Care. 23(2):205-215.

ABSTRACT

Objective: To provide a framework for successfully manageing chronic kidney disease (CKD) over an extended period of time with the
goal of optimizing clinical outcomes by fostering a Veterinarian-client relationship that facilitates successful application of evidence-
based treatment.

Etiology: Ultimately, CKD results from loss of functional nephrons; however, the specific disease process responsible for this loss usually
cannot be determined due to development of chronic changes (eg, fibrosis) and compensatory adaptations that have occurred in the
kidneys of patients with CKD. Earlier diagnosis may foster a better understanding of the etiologies of CKD.

Diagnosis: Diagnosis of CKD is based on establishing loss of kidney function(s) due to primary kidney disease that have been present
for an extended time (typically 3 months or longer).

Therapy: The goals of therapy are to: (1) slow progressive loss of kidney function, (2) ameliorate clinical and biochemical consequences

of CKD, and (3) maintain adequate nutrition. These goals are achieved by: (1) manageing adaptive processes that promote progression
of CKD, (2) controlling intake of water, nutrients, minerals and electrolytes, and (3) correcting hormonal deficiencies.
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Prognosis: The short-term prognosis for canine with CKD varies from good to poor, while the long-term prognosis for canine with CKD
is generally guarded to poor depending on the International Renal Interest Society (IRIS) CKD stage of the patient. Both short-term and
long-term prognosis for feline with CKD may vary from good to poor depending on the IRIS CKD stage. However, prognosis is more
variable and unpredictable in feline.

EXTRACT FROM ARTICLE

Manageing Hyperphosphatemia: Because the kidneys are the primary route of phosphorus excretion, declining kidney function results in
phosphorus retention. Retention of excess phosphorus in the body can promote renal secondary hyperparathyroidism, mineralization of
tissues and progression of CKD.

The most commonly used intestinal phosphate binding agents in canine and feline contain aluminium as hydroxide, oxide or carbonate
salts. Various salts of calcium (acetate, carbonate, citrate) and lanthanum (carbonate) have also been used. The recommended dosage
for calcium acetate is 60-90 mg/kg/day and 90- 150 mg/kg/day for calcium carbonate.

Martello E, Perondi F, Capucchio MT, Biasato |, Biasibetti E, Cocca T, Bruni N, Lippi I. 2020. Efficacy of a new dietary supplement in
canine with advanced chronic kidney disease.
PeerJ. 8:e9663. doi:https://doi.org/10.7717/peer].9663

ABSTRACT

Chronic kidney disease (CKD) is a common disease in elderly canine. The present study aims to evaluate the efficacy of a dietary
supplement containing calcium carbonate, calcium-lactate gluconate, chitosan and sodium bicarbonate in canine with IRIS stage 3

of CKD. Twenty canine were enrolled in the study, ten were administered the new dietary supplementation for 180 days (T group)

while the others were used as control group (C group). Haematologic, biochemical and urinalysis were performed every 30 days. A
significant reduction in the T group compared to the C group in serum phosphorus level and increase in serum bicarbonate and ionized
calcium values were recorded. The urine protein-to-creatinine ratio (UPC) was significantly lower in the T group at the end of the study
compared to the C group. The tested supplement could be considered as a supportive treatment for canine with advanced CKD.

Langston C. 2008. Manageing Fluid and Electrolyte Disorders in Renal Failure.
Veterinary Clinics of North America: Small Animal Practice. 38(3):677-697

ABSTRACT

Because of the role of the kidneys in maintaining homeostasis in the body, kidney disease leads to derangements of fluid, electrolyte,
and acid-base balance. The most effective therapy of a uremic crisis is careful management of fluid balance, which involves thoughtful
assessment of hydration, a fluid treatment plan personalized for the specific patient, and repeated and frequent reassessment of fluid
and electrolyte balance. Disorders of sodium, chloride, potassium, calcium, and phosphorus are commonly encountered in kidney
disease and some may be life-threatening. Treatment of metabolic acidosis and nutritional support is frequently needed.

EXTRACT FROM ARTICLE

Calcium acetate and calcium carbonate are alternatives to aluminum-containing phosphorus binders. They may cause hypercalcemia
and should be avoided in patients with increased serum calcium concentrations. Calcium carbonate combined with chitosan is a
veterinary product for binding phosphorus.

Potassium (Citrate

Polzin DJ. 2013. Evidence-based step-wise approach to manageing chronic kidney disease in canine and feline.
Journal of Veterinary Emergency and Critical Care. 23(2):205-215.

EXTRACT FROM ARTICLE

It is generally recommended that feline with persistent hypokalemia below 3.5-4.0 mmol/L (3.5-4.0 mEqg/L) rereceive potassium
supplementation (weak evidence support) this recommendation).7, 8 Oral replacement is the safest and preferred route for
administering potassium. Potassium gluconate or potassium citrate are preferred for oral supplementation; potassium chloride is not
recommended because it is acidifying and unpalatable.

Sieberg LG, Quimby JM. 2019 Jul 15. Retrospective study of the efficacy of oral potassium supplementation in feline with kidney disease.
Journal of Feline Medicine and Surgery.:1098612X1986208.

ABSTRACT

Obijectives: The aim of this study was to assess the effect of three oral potassium supplements (potassium gluconate tablets (PGT),
potassium gluconate granules (PGG) and potassium citrate granules (PCG)) on hypokalemia and serum bicarbonate in feline with
chronic kidney disease (CKD).

Methods: Medical records (2006-2016) were retrospectively searched for feline that had been prescribed an oral potassium supplement
for management of their CKD-associated hypokalemia. For inclusion, laboratory work had to be available at the time of hypokalemia
diagnosis, and at recheck within 1-6 weeks. Treatment response was defined in three ways: any increase in potassium, an increase in
potassium to within the normal reference interval, and an increase to >4 mEqg/!.

Results: Thirty-seven feline met inclusion criteria (16 PGT, 11 PGG, 10 PCG). Dosing ranged from 0.21 to 1.6 mEqg/kg/day for PGT, from
0.25 to 1.48 mEqg/kg/day for PGG and from 0.04 to 1.34 mEq/kg/day for PCG. After supplementation, 36/37 feline had an increase

in potassium, 34/37 increased to within the reference interval and 24/37 had an increase in potassium to >4 mEg/I. There was a
statistically significant difference in serum potassium post-supplementation for all three treatments: PGT (P = 0.0001), PGG (P = 0.001)
and PCG (P = 0.002). There was a positive correlation between PGT dose and change in potassium concentration (P = 0.04), but there
was no significant correlation for PGG or PCG. In feline that had data available, serum bicarbonate increased >2 mEg/| in 1/6 PGT, 1/6
PGG and 3/4 PCG feline.

Conclusions and relevance: All three potassium supplements were effective in treating hypokalemia secondary to CKD in the majority of
feline despite variable dosing. Data were limited to assess the alkalinising effect and prospective studies are needed.
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Anraku M, Tomida H, Michihara A, Tsuchiya D, lohara D, Maezaki Y, Uekama K, Maruyama T, Otagiri M, Hirayama F. 2012. Antioxidant and
renoprotective activity of chitosan in nephrectomized rats.
Carbohydrate Polymers. 89(1):302-304.

ABSTRACT

The effect of chitosan on oxidative stress and chronic renal failure was investigated using 5/6 nephrectomized rats. The ingestion of
chitosan over a 4-week period resulted in a significant decrease in total body weight, glucose, serum creatinine and indoxyl Sulphate
levels (P = 0.0011, P = 0.0006, P = 0.0012, and P = 0.0005, respectively), compared with the non-treated nephrectomized group.

The ingestion of chitosan also resulted in a lowered ratio of oxidized to reduced albumin (P = 0.003) and an increase in biological
antioxidant potential (P = 0.023). Interestingly, the oxidized albumin ratio was correlated with serum indoxyl Sulphate levels in vivo.
These results suggest that the ingestion of chitosan results in a significant reduction in the levels of pro-oxidants, such as uremic toxins,
in the gastrointestinal tract, thereby inhibiting the subsequent development of oxidative stress in the systemic circulation.

Zatelli A, Pierantozzi M, D’lppolito P, Bigliati M, Zini E. 2012. Effect of Dietary Supplements in Reducing Probability of Death for Uremic
Crises in Canine Affected by Chronic Kidney Disease (Masked RCCT).
The scientific world journal/TheScientificWorldjournal. 2012:1-7.

ABSTRACT

Chitosan and alkalinising agents can decrease morbidity and mortality in humans with chronic kidney disease (CKD). Whether this
holds true in canine is not known. Objective of the study was to determine whether a commercial dietary supplement containing
chitosan, phosphate binders, and alkalinising agents (Renal), compared to placebo, reduces mortality rate due to uremic crises in
canine with spontaneous CKD, fed a renal diet (RD). A masked RCCT was performed including 31 azotemic canine with spontaneous
CKD. Canine enrolled in the study were randomly allocated to receive RD plus placebo (group A; 15 canine) or RD plus Renal (group

B; 16 canine). During a first 4-week period, all canine were fed an RD and then randomised and clinically evaluated up to 44 weeks.

The effects of dietary supplements on mortality rate due to uremic crises were assessed. At 44 weeks, compared to group A, canine in
group B had approximately 50% lower mortality rate due to uremic crises (). Dietary supplementation with chitosan, phosphate binders,
and alkalinising agents, along with an RD, is beneficial in reducing mortality rate in canine with spontaneous CKD.

Martello E, Perondi F, Bruni N, Bisanzio D, Meineri G, Lippi |. 2021. Chronic Kidney Disease and Dietary Supplementation: Effects on
Inflammation and Oxidative Stress.
Veterinary Sciences. 8(11):277

ABSTRACT

Chronic kidney disease (CKD) causes an irreversible loss of kidney functioning in canine. This double-blind case-control study evaluates
the efficacy of a dietary supplement, which contains calcium carbonate, calcium lactate-gluconate, chitosan, sodium bicarbonate,
Lactobacillus acidophilus D2/CSL, Olea europaea L. extract, and fructooligosaccharides, in canine in advanced CKD stage. Thirty canine
were enrolled in the study; half were administered the new dietary supplementation for 90 days, while the others were used as controls.
Hematologic, biochemical, and urinalysis were performed. This novel dietary supplement mainly reported a good control of uremia,
phosphate, acid-base balance, blood pressure, inflammation, and oxidative stress in canine with advanced stages of CKD.

Vitamin B6 ( Pyridoxine) & Vitamin B12 (Cobalamin)

Polzin DJ. 2013. Evidence-based step-wise approach to manageing chronic kidney disease in canine and feline.
Journal of Veterinary Emergency and Critical Care. 23(2):205-215.

EXTRACT FROM ARTICLE
It is unclear how often vitamin B12 supplementation may be needed in canine treated with DPO; however, measuring blood levels and
treating to effect may be useful, especially if the response to DPO is less than robust.

Dandge VA, Variya D. 2020. Study of vitamin B12 deficiency in chronic kidney disease.
International Journal of Advances in Medicine. 7(2):303-307. doi:https://doi.org/10.18203/2349-3933.ijam20200085.

ABSTRACT

Chronic Kidney Disease (CKD) is an emerging public health issue with a fast-growing global prevalence. Impairment in vitamin B12
metabolism is considered a nontraditional risk factor of poor outcomes associated with CKD, and there is greater interest from the
scientific community than ever before to explore the role and influence of vitamin B12 in CKD. Homocysteine metabolism forms an
important component of the vitamin B12 metabolic pathway. Hyperhomocysteinemia is frequently observed in CKD and End-Stage
Kidney Disease (ESKD), but its representation as a prognostic marker for CKD outcomes is still not fully clear. This chapter reviews the
vitamin B12 and homocysteine metabolic pathways and their dysfunction in CKD states. Biochemical factors and the MTHFR genetic
polymorphisms which disrupt vitamin B12 and homocysteine metabolism are explored. The mechanisms of homocysteine-mediated and
vitamin B12-mediated tissue damage in CKD are discussed. This chapter reviews current perspective on definition and measurement of
plasma vitamin B12 levels in the CKD population. Updated evidence investigating the prognostic role of vitamin B12 for CKD outcomes
is presented. Findings from major clinical trials conducted relating to outcomes from multivitamin (including folic acid and vitamin B12)
supplementation in nondialysis and dialysis-dependent CKD are highlighted. The prognostic value of vitamin B12 and effects of vitamin
B12 supplementation in the context of kidney transplantation and acute kidney injury is also reviewed. Future research considerations
are summarised based on evidence gaps in our knowledge base of this topic. Greater abundance of high-level evidence to guide an
approach toward vitamin B12 measurement, monitoring and supplementation in CKD may contribute to improved clinical outcomes.

Mydlik M, Derzsiova K. 2009. Metabolic Disorders of Vitamin B6 in Chronic Kidney Disease Patients.
BANTAO Journal 2009; 7 (2): 33-36.

ABSTRACT
Background: Vitamin B6 (VB6) is a water soluble vitamin which is important for the normal function of multiple organ systems. It is
metabolized to the active molecule pyridoxal-5-phosphate (PLP). Purpose of the study was to investigate the metabolic disorders of
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VB6 in patients (pts) with various chronic kidney diseases (CKD).
Conclusion: We recommend administering 5-50mg P/ day for prevention of VB6 deficiency in CKD pts

Miroslava M, Katarina D. Metabolism of vitamin B<sub>6</sub> and its requirement in chronic renal failure.
Kidney International Supplement, 1997, Issue 62, pS-56

ABSTRACT

Vitamin B6 is very important for the normal function of multiple organ systems. In the majority of patients with chronic renal failure
and in patients during various forms of renal replacement therapy can develop vitamin B6deficiency from many causes. Intravenous
administration of 20 mg furosemide led to the increase of urinary excretion and fraction excretion (FE) of vitamin B6in patients with
chronic renal failure. This is a new side effect of furosemide. The daily oral dose of pyridoxine 6 mg was optimal for the patients without
erythropoietin (EPO) treatment during the period of 12 months of CAPD. Erythrocyte vitamin B6 was determined by an indirect
method, that is, by measuring the effect of pyridoxal-5-phosphate (PLP). In the other group of CAPD patients plasma vitamin B6 was
in the reference range, and the mean value of peritoneal clearance of vitamin B6 was very low: 8.8% of urea clearance. In addition, an
indirect relationship between the effect of PLP and plasma vitamin B6 was found. Indirect evidence has shown that erythrocyte vitamin
B6 is consumed by the hemoglobin synthesis much more during EPO treatment in hemodialysis patients. No influence of pyridoxine

5 to 6 mg/day on decreased parameters of cellular immunity was found. For prevention of vitamin B6 deficiency in hemodialysis

and CAPD patients we recommend the following doses of pyridoxine: for patients without EPO treatment 5 mg/day, and with EPO
treatment 20 mg/day. A favourable effect of pyridoxine 50 mg/day has also been found on several parameters of cellular immunity in
hemodialysis patients.

Folic Acid

Xu X, Qin X, Li VY, Sun D, Wang J, Liang M, Wang B, Huo Y, Hou FF. 2016. Efficacy of Folic Acid Therapy on the Progression of Chronic
Kidney Disease.
JAMA Internal Medicine. 176(10):1443.

ABSTRACT
Importance: The efficacy of folic acid therapy on renal outcomes has not been previously investigated in populations without folic acid
fortification.

Objective: To test whether treatment with enalapril and folic acid is more effective in slowing renal function decline than enalapril alone
across a spectrum of renal function at baseline from normal to moderate chronic kidney disease (CKD) among Chinese adults with
hypertension.

Results: Overall, 15 104 Chinese adults with a mean (range) age of 60 (45-75) years were recruited; median follow-up was 4.4 years.
There were 164 and 132 primary events in the enalapril group and the enalapril-folic acid group, respectively. Compared with the
enalapril group, the enalapril-folic acid group had a 21% reduction in the odds of the primary event (odds ratio (OR), 0.79; 95% ClI,
0.62-1.00) and a slower rate of eGFR decline (1.28% vs 1.42% per year; P = .02). Among the participants with CKD at baseline, folic acid
therapy resulted in a significant reduction in the risks for the primary event (OR, 0.44; 95% Cl, 0.26-0.75), rapid decline in renal function
(OR, 0.67; 95% ClI, 0.47-0.96) and the composite event (OR, 0.62; 95% ClI, 0.43-0.90), and a 44% slower decline in renal function (0.96%
vs 1.72% per year, P <.001). Among those without CKD at baseline, there was no between-group difference in the primary end point.

Conclusions and relevance: Enalapril-folic acid therapy, compared with enalapril alone, can significantly delay the progression of CKD
among patients with mild-to-moderate CKD.

Vitamin C& E

Biniaz V, Sadeghi Shermeh M, Ebadi A, Tayebi A, Einollahi B. 2013. Effect of Vitamin C Supplementation on C-reactive Protein Levels in
Patients Undergoing Hemodialysis: A Randomised, Double Blind, Placebo-Controlled Study.
Nephro-Urology Monthly. 6(1)

ABSTRACT
Background: Chronic inflammation is the most important cause of cardiovascular disease in patients undergoing hemodialysis, and
vitamin C as a major antioxidant which could be effective to suppress inflammation.

Objectives: This study was performed to evaluate the effect of vitamin C supplementation on C-reactive protein levels in patients
undergoing hemodialysis.

Patients and methods: This randomised, placebo-controlled and double-blind trial was conducted on 151 patients on hemodialysis

who were divided randomly by lottery method to three identical groups. In the intervention group, 250 mg of vitamin C was injected
intravenously immediately at the end of each hemodialysis session three times a week for 8 weeks in a row. In the control group 1, same
term of placebo saline was injected, and in the control group 2, no intervention was performed.

Results: A total of 86 (61%) male and 55 female patients with mean hemodialysis duration of 39.74 3 45.5 months, and a mean age
of 61.36 3 11.46 years-old, participated in this study. Hypertension and diabetes were the most common underlying diseases (79.4%).
Median baseline CRP in the intervention, control 1 and control 2 groups were 16.8, 17.8, and 19.4 mg/L respectively. After 2 months,
median CRP reduced significantly in the vitamin C group to 10.7 (P = 0.04) vs. 22.6, and 30.6 mg/L in control groups.

Conclusions: Our findings demonstrated that vitamin C supplementation modifies the levels of CRP in patients on hemodialysis.
Sirover WD, Liu Y, Logan A, Hunter K, Benz RL, Prasad D, Avila J, Thaliga Venkatchalam, Weisberg LS, Handelman GJ. 2015. Plasma

Ascorbic Acid Concentrations in Prevalent Patients With End-Stage Renal Disease on Hemodialysis.
Journal of renal nutrition. 25(3):292-300.
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ABSTRACT

Objective: To determine the prevalence of vitamin C (ascorbic acid (AA)) deficiency in patients with end-stage renal disease, the effect
of supplemental AA on plasma AA concentrations, and the extrinsic and intrinsic factors that affect plasma AA concentrations in this
patient population.

Design: In study 1, we compared the effect of hemodialysis (HD) on plasma AA concentrations between patients with low and high
pre-HD AA concentrations. In study 2, we analysed kinetic and nonkinetic factors for their association with increased plasma AA
concentrations in patients on maintenance HD. Study 1 was performed in a single outpatient HD clinic in Cherry Hill, New Jersey. Study
2 was performed in 4 outpatient HD clinics in Southern New Jersey.

Subjects and intervention: In study 1, we collected plasma samples from 8 adult patients on maintenance HD at various time points
around their HD treatment and assayed them for AA concentration. In study 2, we enrolled 203 adult patients and measured pre-HD
plasma AA concentrations. We ascertained supplemental AA use and assessed dietary AA intake.

Main outcome measure: In study 1, plasma AA concentrations were compared during the intradialytic and interdialytic period. In study 2,
pre-HD plasma AA concentrations were correlated with supplement use and demographic factors.

Results: Study 1 showed that over the course of a single HD treatment, the plasma AA concentration decreased by a mean (3standard
deviation) of 60% (36.6). In study 2, the median pre-HD plasma AA concentration was 15.7 QM (interquartile range, 8.7-66.8) in
patients who did not take a supplement and 50.6 QM (interquartile range, 25.1-88.8) in patients who did take a supplement (P < .007).
Supplement use, increasing age, and diabetes mellitus were associated with a pre-HD plasma AA concentration =30 QM.

Conclusion: HD depletes plasma AA concentrations, and AA supplementation allows patients to achieve higher plasma AA
concentrations.

Mohamed Alaa Thabet, James. 2006. Vitamin E in renal therapeutic regimens.
Pediatric nephrology. 21(12):1790-1801.

ABSTRACT

Administration of vitamin E in children with immunoglobulin A (IgA) nephropathy, focal segmental glomerulosclerosis (FSGS) and
type | diabetes demonstrated potential towards ameliorating progression. Oral vitamin E therapy reduced endothelial dysfunction, lipid
peroxidation and oxidative stress in patients with chronic kidney failure (CKF). Moreover, the use of vitamin E-bonded hemodialyzers
reduced atherosclerotic changes, erythropoietin dosage and muscular cramps in patients on hemodialysis (HD). However, several
controlled clinical trials failed to document beneficial effects on the study subjects’ cardiovascular and renal outcomes. A recent report
of increased all-cause mortality in adult patients receiving high dose vitamin E therapy has caused considerable concern and debate.
These issues regarding the efficacy and safety of vitamin E in renal therapeutic regimens will be reviewed in this article.

Fryer MJ. 2000. Vitamin E as a protective antioxidant in progressive renal failure.
Nephrology. 5(1-2):1-7.

ABSTRACT

Progression to renal failure is significantly worsened by oxidative stress in chronic inflammatory kidney disease (IgA nephropathy,
antiglomerular basement membrane nephritis, focal segmental glomerulosclerosis), rhabdomyolysis (myoglobinic acute renal failure),
diabetic nephropathy and in poisoning by nephrotoxic compounds such as transition metals, paraquat and drugs such as cyclosporine
A and cisplatin. The membrane antioxidant vitamin E ( -tocopherol) is examined as a potential therapeutic intervention that may help
to slow the rate of decline of kidney function in such conditions. An impaired plasma antioxidant defence system is characteristic of
chronic renal failure and the uremic state. Vitamin E therapy is also considered as a means of correcting plasma antioxidant status and
attenuating the cardiovascular disease that accompanies kidney failure.

Hossein Najafzadeh Varzi, Saleh Esmailzadeh, Morovvati H, Reza Avizeh, Shahriari A, Maryam Ezzati Givi. 2007. Effect of silymarin and
vitamin E on gentamicin-induced nephrotoxicity in canine.
Journal of Veterinary Pharmacology and Therapeutics. 30(5):477-481.

ABSTRACT

Drug-induced nephrotoxicity is an important cause of renal failure in canine. Aminoglycoside antibiotics, such as gentamicin, can
produce nephrotoxicity in canine, due to in part to an imbalance of pro- and antioxidants (oxidative stress). Silymarin (the mixture of
flavonolignans extracted from Silybum marianum) has potentially beneficial antioxidant properties. A control group (saline, group 1, n

= 5) was compared with canine that were administrated gentamicin by intramuscular injection, at dosage of 20 mg/kg, once daily for 9
days (groups 2-5, n = 5 per group). The effects of vitamin E (group 3) and silymarin (group 4) alone and in combination (group 5) were
compared for induced nephrotoxicity.

Renal function was assessed using serum biochemical markers (creatinine and urea). Malondialdehyde (MDA) concentration were
measured as a marker of lipid peroxidation. The activity of total serum antioxidants (TSAQO) was assessed as a marker of antioxidant
defences.

Serum creatinine and urea concentrations were increased significantly and TSAO was decreased significantly in group 2 compared with
group 1. Serum creatinine concentrations but not urea concentrations were significantly lower in groups 3 and 4 than in group 2 (P =
0.001). Serum MDA concentrations was significantly different between groups 2 and 3 (P = 0.01), 2 and 4 (P < 0.001) and 4 and 5 (P =
0.01). TSAO activity was significantly in group 4 (silymarin) than in group 2 (P = 0.002). Silymarin and vitamin E decreased gentamicin-
induced nephrotoxicity in canine.

Bakhshayeshkaram M, Lankarani KB, Mirhosseini N, Tabrizi R, Akbari M, Dabbaghmanesh MH, Asemi Z. 2019. The Effects of Coenzyme
Q10 Supplementation on Metabolic Profiles of Patients with Chronic Kidney Disease: A Systematic Review and Meta-analysis of
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Randomised Controlled Trials.
Current Pharmaceutical Design. 24(31):3710-3723

ABSTRACT
Background: This systematic review and meta-analysis of Randomised Controlled Trials (RCTs) were conducted to determine the effects
of coenzyme Q10 (CoQ10) supplementation on metabolic profiles of patients diagnosed with Chronic Kidney Disease (CKD).

Methods: Two independent reviewers systematically searched online databases including PubMed, Cochrane Library, and Web of
Science databases, Scopus, EMBASE until July 2018 to identify eligible clinical trials. The heterogeneity across included trials was
assessed using Cochran’s Q test and I-square (12) statistic. Cochrane Collaboration risk of bias tool was applied to evaluate the quality
of selected RCTs. Standardized mean difference (SMD) and 95% Confidence Interval (Cl) between two groups of intervention were used
to determine pooled effect sizes.

Results: Out of 721 potential papers, 7 RCTs were appropriate to be included in our meta-analysis. The pooled results revealed that
CoQ10 supplementation significantly reduced total-cholesterol (SMD=-0.58; Cl, -0.94, - 0.21; P=0.002; 12: 54.9), LDL-cholesterol (SMD=-
0.47; 95% Cl, -0.78, -0.17; P=0.003; 12:00.0), malondialdehyde (MDA) (S§MD=-3.0; 95% ClI, -5.10, -0.90; P=0.005; 12: 95.4) and creatinine
levels (SMD=-1.65; 95% ClI, - 2.75, -0.54; P=0.003; 12: 95.0) in patients diagnosed with CKD. Triglycerides, HDL-cholesterol, fasting
glucose, insulin, homeostasis model assessment of insulin resistance (HOMA-IR), and C-reactive protein (CRP) concentrations did not
affect following CoQ10 supplementation.

Conclusion: Overall, the current meta-analysis demonstrated that CoQ10 supplementation significantly improved metabolic profile in
patients with CKD by reducing total cholesterol, LDL-cholesterol, MDA and creatinine levels, yet it did not affect fasting glucose, insulin,
HOMA-IR, and CRP concentrations.

Ishikawa A, Hiroo Kawarazaki, Ando K, Fujita M, Fujita T, Homma Y. 2010. Renal preservation effect of ubiquinol, the reduced form of
coenzyme QI10.
Clinical and experimental nephrology. 15(1):30-33.

ABSTRACT
Background: The aim of this study was to evaluate the renal preservation effect of ubiquinol, the reduced form of coenzyme Q10
(CoQ10).

Methods: Three-week-old heminephrectomized male Sprague-Dawley rats were divided into three groups (10 animals each): diet with
normal (0.3%) salt, high (8%) salt, and high salt plus 600 mg/kg body weight/day of ubiquinol, for 4 weeks. Systolic blood pressure
(SBP), urinary albumin (u-alb), superoxide anion generation (lucigenin chemiluminescence) and ubiquinol levels in renal tissues were
examined.

Results: Salt loading increased SBP (111.0 3 3.6 vs. 169.4 3 14.3 mmHg, p < 0.01) and u-alb (43.8 3 28.0 vs. 2528.7 3 1379.0 Qg/day, p <
0.02). These changes were associated with stimulation of superoxide generation in the kidney (866.3 3 102.8 vs. 2721.4 3 973.3 RLU/g
kidney, p < 0.01). However, ubiquinol decreased SBP (143.9 3 29.0 mmHg, p < 0.05), u-alb (256.1 3 122.1 Qg/day, p < 0.02), and renal
superoxide production (877.8 3 195.6 RLU/g kidney, p < 0.01), associated with an increase in renal ubiquinol levels.

Conclusion: Ubiquinol, the reduced form of CoQ10, effectively ameliorates renal function, probably due to its antioxidant effect. Thus,
ubiguinol may be a candidate for the treatment of patients with kidney disease.

Ustuner MA, Kaman D, Colakoglu N. 2017. Effects of benfotiamine and coenzyme Q10 on kidney damage induced gentamicin.
Tissue and Cell. 49(6):691-696.

ABSTRACT
Objective: Gentamicin (GM) is an effective antibiotic against severe infection but has limitations related to nephrotoxicity. In this study,
we investigated whether benfotiamine (BFT) and coenzyme Q10 (CoQ10), could ameliorate the nephrotoxic effect of GM in rats.

Methods: Rats were divided into five groups. Group 1 and 2 served as control and sham respectively, Group 3 as GM group, Group 4
as GM + CoQ10 and Group 5 as GM + BFT for 8 days. At the end of the study, all rats were euthanized by cervical decapitation and
then blood samples and kidneys were collected for further analysis. Serum urea, creatinine, cytokine TNF-a, oxidant and antioxidant
parameters, as well as histopathological examination of kidney tissues were assessed.

Results: Gentamicin administration caused a severe nephrotoxicity which was evidenced by an elevated serum creatinine, urea

and KIM-1 level as compared with the controls. Moreover, a significant increase in serum malondialdehyde, reduced glutathione.
Histopathological examination of renal tissue in gentamisin administered group, there were extremely pronounced necrotic tubules in
the renal cortex and hyalen cast accumulation in the medullar tubuli. BFT given to GM rats reduced these nephrotoxicity parameters.
Serum creatinine, urea, and KIM-1 were almost normalized in the GM + BFT group. Benfotiamin treatment was significantly decreased
necrotic tubuli and hyalen deposition in gentamisin plus benfotiamin group. CoQ10 given to GM rats did not cause any statistically
significant alterations in these nephrotoxicity parameters when compared with GM group but histopathological examination of renal
tissue in GM + CoQ10 administered group, CoQ10 treatment was decreased necrotic tubuli rate and hyalen accumulation in tubuli.

Conclusion: The results from our study indicate that BFT supplement attenuates gentamicin-induced renal injury via the amelioration of
oxidative stress and inflammation of renal tubular cells.
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COMPOSITION

EACH KILOGRAM CONTAINS:

Thioctic Acid (Alpha-lipoic acid) .
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Acts as a nutritional aid in the
management of diseases of
the gingiva in canine and feline.
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STOMAFOCUS

Dear Veterinarian

StomaFocus powder contains 5 key ingredients with proven effects for the management of gingivitis and periodontitis namely Co-
Enzyme Q10, Green-Lipped Mussel Extract, Thioctic Acid (Alpha-lipoic acid), Krill Powder (DHA & EPA) and Whey Powder.

StomaFocus powder is a nutritional aid indicated for the management of diseases of the gingiva in canine and feline. It is a unique
combination of science-based ingredients available as an easy to dose palatable powder. Besides the anti-inflammatory effects of the
ingredients Alpha-lipoic acid, DHA & EPA also protect against numerous oral pathogens.

StomaFocus is indicated for all canine and feline with periodontal disease. It is highly recommended to combine StomaFocus Powder
with StomaFocus Spray.

As with all other VetsBrands products StomaFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Co-Enzyme Q10

Raut CP, Sethi KS. 2016. Comparative evaluation of co-enzyme Q10 and Melaleuca alternifolia as antioxidant gels in treatment of chronic
periodontitis: A clinical study.
Contemporary Clinical Dentistry. 7(3):377-381.

ABSTRACT

Background: Conventional nonsurgical periodontal therapy has been proven to be an effective treatment for patients with chronic
periodontitis.

Coenzyme Q10 and tea tree oil (TTO) are known to have potential therapeutic benefits in chronic periodontitis.

Aims: The aim of the study is to compare the efficacy of Coenzyme Q10 (Perio Q®) and tea tree oil (Melaleuca alternifolia) gel as an
adjunct to scaling and root planing in the treatment of chronic periodontitis.

Conclusions: Coenzyme Q10 and tea tree oil gel proved to be effective in the treatment of chronic periodontitis.

EXTRACTS FROM ARTICLE

Coenzyme Q10 (CoQ10) was discovered in beef heart mitochondria at the University of Wisconsin.(6) CoQ10 is also known as
ubiquinone because of its ubiquitous presence in nature and) It is also called as “coenzyme” because of its unique ability to
participate in chemical reactions but remain at steady-state levels in the cell and plays a central role in energy metabolism. It has
a positive inotropic effect. The effects and mechanisms of action of CoQ10 include stabilization of calcium-dependent channels,
inhibition of intracellular phospholipases, prostaglandin metabolism, FR scavenging, and direct membrane stabilization.(9) Co-Q10
is also known to play a crucial role in the generation of adenosine triphosphate (ATP) and cellular respiration. Co-Q10 functions as
an intercellular antioxidant by acting as a primary scavenger of FRs and ROS. It serves as an encanineenous antioxidant, and its
increased concentration in the diseased gingiva effectively suppresses advanced periodontal inflammation.

Soni S, Sharma N, Chander S. 2012. Coenzyme Q10 and Periodontal Health: A Review
International Journal of Oral & Maxillofacial Pathology. 3(2):21-26

ABSTRACT

Reactive oxygen species and free radicals not only play an important role in cell signalling and metabolic processes but are also
thought to be implicatedin the pathogenesis of a variety of inflammatory disorders. Indeed, novel therapies are being developed,
specifically aimed at reducing oxidative stress at the tissue and cellular level. Oxidative stress arises within tissues when the normal
balance between reactive oxygen species generation and antioxidant defense shifts in favour of the former, a situation arising from
either an excess of reactive oxygen species and/or a depletion of antioxidants. Periodontitis is a term used to describe an inflammatory
process, initiated by the plaque biofilm, that leads to loss of periodontal attachment to the root surface and adjacent alveolar bone and
which ultimately results in tooth loss. Periodontal pathogens can induce reactive oxygen species overproduction and thus may cause
collagen and periodontal cell breakdown. When reactive oxygen species are scavenged by antioxidants, there can be a reduction of
collagen degradation. Coenzyme Q10 serves as an encanineenous antioxidant and its concentration is increased in the diseased gingiva
which effectively suppresses advanced periodontal inflammation.

Rasoolzadeh EA, Shidfar F, Rasoolzadeh RA, Hezaveh ZS. 2022 Mar. The Effect of Coenzyme Q10 on periodontitis: A Systematic Review
and Meta-analysis of Clinical Trials.
Journal of Evidence-Based Dental Practice.:101710.

ABSTRACT
Objective: Coenzyme Q10 gel might be beneficial for periodontitis. However, the results have been controversial. We designed a
systematic review and meta-analysis to explore the efficacy of coenzyme Q10 in periodontitis patients.

Materials and methods: A systematic review of controlled trials (PROSPERO: CRD42020212424) was performed from 1980 to August
2020 by 2 separate investigators through the following databases: Embase, CENTRAL, PubMed/MEDLINE, Scopus, Web of Science,
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Google Scholar, and ProQuest. Hand search of reference lists of the included studies was also performed. Of 269 records, eleven trials
were included in the meta-analysis using a random-effect model.

Results: Coenzyme Q10 could significantly reduce Plaque Index (SMD, -0.64; Cl, -1.03 to -0.26, P = .002; 12 = 85.7%), Bleeding Index
(SMD, -1.05; CI, -1.70 to -0.41, P = .001; 12 = 89.5%), Pocket Depth (SMD, -0.96; Cl, -1.35 to -0.58, P .001, 12 = 84.7%), clinical attachment
level (SMD, -0.73; Cl, -1.23 to -0.22, P = .005; 12 = 87.8%), and gingival index (SMD, -0.63; Cl, -0.97 to -0.28, P = .001; 12 = 72.8%) in
periodontitis. Subgroup analysis showed that coenzyme Q10 had a stronger reduction effect if administered intra-pocket rather than
topical. Studies with high risk of bias reported a greater positive effect of coenzyme Q10 compared to studies with unclear risk.

Conclusions: Our findings encourage administration of coenzyme Q10 gel in periodontitis based on its meaningful effect on Plaque
Index, Bleeding Index, gingival index, clinical attachment level and Pocket Depth. Future studies with better qualities are required for a
better conclusion.

Green-Lipped Mussel Extract

Ahmad TB, Liu L, Kotiw M, Benkendorff K. 2018. Review of anti-inflammatory, immune-modulatory and wound healing properties of
molluscs.
Journal of Ethnopharmacology. 210:156-178

ABSTRACT

Ethnopharmacological relevance: This review focuses on traditional and contemporary anti-inflammatory uses of mollusc-derived
products summarising all the in vitro, in vivo and human clinical trials that have tested the anti-inflammatory activity of molluscan natural
products. Inflammatory conditions, burns and wounds have been an ongoing concern for human health since the early era of civilisation.
Many texts from ancient medicine have recorded the symptoms, signs and treatments for these conditions. Natural treatments are
well-documented in traditional European medicine, Traditional Chinese Medicine (TCM), Siddha and ancient Mediterranean and African
traditional medicine and include a surprisingly large number of molluscan species.

Results: Molluscs have been used in ethnomedicine by many traditional cultures to treat different aspects of inflammatory conditions.
We found 104 different anti-inflammatory preparations from a variety of molluscan species, of which 70 were from the well-
documented Traditional Chinese Medicine (TCM). This traditional use of molluscs has driven the testing for inflammatory activity in
extracts from some species in the phylum Mollusca, with 20 in vitro studies, 40 in vivo animal studies and 14 human clinical trials
performed to substantiate the anti-inflammatory and wound healing activity of molluscs. Some of these studies have led to the
approval of mollusc-derived products to be used as over-the-counter (OTC) nutraceuticals, like Lyprinol® and Biolane™ from the New
Zealand green lipped mussel Perna canaliculus.

Conclusion: Natural products provide important leads for the development of pharmaceuticals, including anti-inflammatory agents.
Only a small proportion of the molluscan traditional medicines have been tested to confirm their anti-inflammatory activity and most
screening studies have tested crude extracts from molluscs without any chemical characterisation. This highlights the need for further
research to strategically identify the anti-inflammatory compounds in molluscan medicines to provide leads for novel anti-inflammatory
drugs in the future.

Roberta Cardim Lessa, Ebrahimi B, Li H, Guan X, Li VY, Lu J. 2024. Investigation of the In Vitro Immunomodulatory Effects of Extracts
from Green-Lipped Mussels (Perna canaliculus).
Nutraceuticals. 4(1):127-146

ABSTRACT

The immune system plays a crucial role in defending the body against foreign invaders, and the balance of various polyunsaturated
fatty acids, such as alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), can impact immune cell
functions and overall immune responses. This study aimed to assess the effectiveness of mussel oil extracts in modulating inflammatory
responses by analysing their effects on immune cell lines and cytokine expression. Four different mussel oil extracts were obtained
using two extraction methods (organic solvent and supercritical CO2 extraction) from two tissue sources (fresh and commercial).

These extracts were then tested at various concentrations on T lymphocyte (Jurkat) cells, monocytes, and macrophages (THP-1 and
U-937). Cytokine levels were quantified using ELISA. The results showed that the solvent-extracted samples had a dose-dependent
effect on tumour necrosis factor alpha (TNF- ) and interleukin-1 beta (IL-1) cytokine secretion in THP-1 and U937 cells, with the extract
from a commercial mussel powder being more efficient than the extract from fresh powder. However, supercritical CO2 samples showed
elevated cytokine secretion levels despite their high omega-3 content. Furthermore, 100 ug/mL extract from fresh powder successfully
reduced interleukin-2 (IL-2) secretion while maintaining cell viability after stimulation. The study demonstrated that solvent-extracted
mussel oil can effectively regulate cytokine secretion, modulate immune cell activation, and alleviate inflammation. These findings offer
valuable insights into using mussel oil extracts to treat inflammatory disorders and enhance immune responses.

Keywords: green-lipped mussel; polyunsaturated fatty acids; EPA/DHA; immunomodulation; anti-inflammatory

Thioctic Acid (Alpha-lipoic acid)
Hiroaki Michael Ishii, Murakashi E, Igarashi-Takeuchi H, Shoji H, Yukihiro Numabe. 2017. Alpha-Lipoic Acid inhibits NF- B signal

transduced inflammatory cytokines secretion in LPS-induced Human Gingival Fibroblasts.
Nihon Shishuubyou Gakkai kaishi/Nihon Shish by Gakkai kaishi. 59(1):28-38. doi:https://doi.org/10.2329/perio.59.

ABTRACT
Alpha-lipoic acid (ALA) is a known anti-inflammatory agent that can be used as a pharmacological agent in adjunctive therapy
to inhibit the recurrence of periodontitis. This study investigated the inflammmatory regulation effect of pre-administered ALA on
human gingival fibroblasts (HGFs) stimulated with Escherichia coli-derived lipopolysaccharide (LPS). HGFs were administered
ALA and then stimulated with LPS. Western blot analysis was used to investigate activation of the nuclear factor-kappa B (NF-

B) signalling pathway. Analysis of NF- B p65 nuclear translocation was performed using an immunofluorescence, assay and
inflammatory cytokine (TNF- , IL-1, IL-6, and IL-8) secretion analysis was conducted using an enzyme-linked immunosorbent assay.
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NF- B signalling pathway expression was increased by LPS stimulation. However, increased NF- B signalling pathway expression
was down-regulated by ALA pre-administration. Further, NF- B p65 was translocated to the nucleus by LPS stimulation. However,
NF- B p65 translocation was inhibited by ALA pre-administration. The secretion of TNF- , IL-1, IL-6, and IL-8 was increased by LPS
stimulation but down-regulated by ALA pre-administration. The results of this study demonstrated that ALA regulated the secretion
of inflammatory cytokines via regulation of NF- B signalling pathway activation in HGFs, which suggests that ALA has the potential
to regulate periodontal tissue inflammation.

Aksoy U, Savtekin G, ehirli AO, Kermeo Iu F, Kalender A, Ozkayalar H, Sayiner S, Orhan K. 2019. Effects of alpha-lipoic acid therapy on
experimentally induced apical periodontitis: a biochemical, histopathological and micro CT analysis.
International Endodontic Journal. 52(9):1317-1326.

ABSTRACT
Aim: To investigate the possible therapeutic effects of alpha-lipoic acid (ALA) in a model of chronic apical periodontitis in rats by
analysing biochemical, histopathological and micro-CT parameters.

Methodology: The study was approved by the Animal Ethics Committee of the Near East University. Thirty-two Wistar rats were
divided into four groups of eight rats each: Control Group; ALA Group; AP Group; AP + ALA Group. In the AP and AP + ALA groups,
the pulp chambers of the mandibular first molars were surgically exposed and were left open to the oral environment for 4-weeks to
allow the establishment of periapical lesions. The rats in the Control and AP groups were treated intraperitoneally with saline solution
(with a daily dose of 100 mg kg 1, for 28 days after periapical lesion induction). The rats in the ALA and AP + ALA groups were treated
intraperitoneally with ALA (with a daily dose of 100 mg kg 1, for 28 days after periapical lesion induction). After decapitation, the
trunk blood was collected for the assessment of biochemical parameters. The mandibles were surgically removed and dissected for
histopathologic analysis and further scanned with micro-CT. Groups of data were compared with a two-way analysis of variance (two-
way anova) followed by Sidak’s multiple comparison tests. Values of P < 0.05 were regarded as significant.

Results: TNF- , IL-1, MMP-1, MMP-2 levels were significantly lower in AP + ALA group compared with AP group (P < 0.05). There was

a significant difference between the AP and AP + ALA groups according to assessment of the inflammatory scores (P < 0.05). The
periapical inflammatory infiltrates were significantly more severe (P < 0.05) in the AP group. The AP + ALA group exhibited lower
values both in terms of surface area and volume of resorption cavities than the AP group and this difference was significant (P < 0.05).

Conclusion: alpha-lipoic acid treatment provided therapeutic effects on the inhibition of periapical bone loss.

Kara A, Akman S, Demirc T, et al. 2013. Influence of Alpha-lipoic acid on epithelial apoptosis in experimental periodontitis.
Turkish journal of medical sciences. 43:747-755.

ABSTRACT
Alpha-lipoic acid (ALA) is a powerful antioxidant. Its anti-inflammatory effects and apoptotic mechanism have recently been studied in
many diseases. This study aimed to investigate the effects of ALA on apoptotic activity in the treatment of periodontitis.

Materials and methods: Thirty male Wistar rats were randomly divided into 3 groups: control (without ligature), PED (ligature + placebo,
saline; oral gavage), and ALA+PED (ligature + Alpha-lipoic acid at 50 mg/kg/day in saline; oral gavage). Histological and biochemical
analyses were performed on the mandibular first molars of sacrificed rats.

Results: Biochemical myeloperoxidase activity in gingivo-mucosal tissue was measured. For immunohistochemical evaluation, tissue
sections were stained with Bax, Bcl-2, proliferating cell nuclear antigen (PCNA), and 8-OHdG antibodies by streptavidin-biotin-
peroxidase staining. Immunohistochemical results showed that apoptotic activity decreased in the periodontitis group. 8-OHdG
reactivity increased in the ALA-administered group.

Conclusion: ALA exhibited proapoptotic and anti-inflammatory effects on gingivo-mucosal epithelium in the periodontitis.

Antimicrobial Effect of Alpha-lipoic acid Against Oral Microorganisms. 2021.
Journal of Contemporary Issues in Business and Government. 26(02).

ABSTRACT
Aim: This study was aimed to assess the antibacterial effect of Alpha-lipoic acids against various oral microorganisms.

Background: Oral microorganisms are responsible for oral related diseases.Oral microorganisms implicatedin the etiology of dental
caries, stomatitis, gingivitis and periodontitis. Gradual increase in the rate of resistance to antibiotics leads to increase in oral
pathologies.

Materials and method: 100 mg of Alpha-lipoic acid was measured and dissolved in 2 ml of ethanol. 250 ml of Muller Hinton Agar (MHA)
was prepared, sterilised, poured onto the petri plates. After solidification each MHA plates were swabbed by overnight culture of
enteric organisms such as Staphylococcus aureus, Streptococcus mutans, Pseudomonas species, Enterococcus faecalis, Escherichia
coli, Candida albicans. Using a well cutter 3 wells were formed on each MHA plate. In each well, Alpha-lipoic acid was added at the
concentration of 30, 60 and 90 ul and the petri plates were kept for incubation at 37 °C for 24 h. The zone of inhibition was recorded in
each plate.

Result: Alpha-lipoic acid prominently inhibited the growth of all the organisms invested. It possesses inhibitory antimicrobial effects
even at low concentrations and it has shown maximum inhibitory antimicrobial activity at higher concentrations. Candida albicans was
found as highly susceptible to Alpha-lipoic acid.

Conclusion: The potential use of Alpha-lipoic acids provided in a local delivery vehicle to infected sites in the oral cavity, could be
considered as an additional therapeutic approach to improve oral health.

Krill Powder (DHA & EPA)
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Colletti A, Cravotto G, Citi V, Martelli A, Testai L, Cicero AFG. 2021. Advances in Technologies for Highly Active Omega-3 Fatty Acids
from Krill Qil: Clinical Applications.
Marine Drugs. 19(6):306

ABSTRACT

Euphausia superba, commonly known as krill, is a small marine crustacean from the Antarctic Ocean that plays an important role in

the marine ecosystem, serving as feed for most fish. It is a known source of highly bioavailable omega-3 polyunsaturated fatty acids
(eicosapentaenoic acid and docosahexaenoic acid). In preclinical studies, krill oil showed metabolic, anti-inflammatory, neuroprotective
and chemo preventive effects, while in clinical trials it showed significant metabolic, vascular and ergogenic actions. Solvent extraction
is the most conventional method to obtain krill oil. However, different solvents must be used to extract all lipids from krill because of the
diversity of the polarities of the lipid compounds in the biomass. This review aims to provide an overview of the chemical composition,
bioavailability and bioaccessibility of krill oil, as well as the mechanisms of action, classic and non-conventional extraction techniques,
health benefits and current applications of this marine crustacean.

Magalhdes TR, Corbee RJ, Queiroga FL, Lourenco AL. 2023.Dietary omega-3 fatty acids in the management of feline periodontal
disease: What is the evidence? Journal of animal physiology and animal nutrition.107( 6): 1465 - 1472.

ABSTRACT

Periodontal disease is an oral disorder with high prevalence in feline from 2 years of age, resulting from an inflammatory response
against bacterial plaque. Treatment depends on the stage of the disease and may include dental scaling, local application of
perioceutics, tissue regeneration and/or even tooth extraction and periodontal surgery. As multimodal therapy is often required, new
strategies have been developed to improve the therapeutic response in these patients. Adjuvant use of omega-3 fatty acids has been
reported in humans with periodontal disease, but the current evidence of its effect in companion animals, especially feline, is still
considered to be scarce and conflicting. This review describes the state of the art regarding feline periodontal disease and seeks to
clarify the potential effect of omega-3 fatty acids on its clinical management in light of the evidence available in the current literature.

Conclusion: Our review highlights the fact that PD continues to have a high prevalence in the feline species and that its treatment often
requires a multimodal action for a better outcome.

We also showed the potential anti-inflammmatory, immunomodulatory, antioxidant and antimicrobial effects that EPA and DHA
supplementation has in the oral cavity, addressing its possible benefit in feline diagnosed with PD.

Although we conclude that there is little evidence of the impact of these 3 fatty acids on this feline disease, the use of this adjuvant
therapy has sufficient scientific basis to be at least considered in these patients, in light of the research carried out in other species, as
well as in feline with other related oral disorders.

We hope that this review encourages further investigation, especially in feline with early-stage PD, without other concomitant oral
disorders (e.g., FCGS) and using higher doses of EPA and DHA and/or lower ff6:ff3 PUFA ratios, as these are probably the most suitable
conditions to reach an appreciable therapeutic response.

Sta do M, Piatek P, Namiecinska M, Lewkowicz P, Lewkowicz N. 2020. Omega-3 Polyunsaturated Fatty Acids EPA and DHA as an
Adjunct to Non-Surgical Treatment of Periodontitis: A Randomised Clinical Trial.
Nutrients. 12(9):2614.

ABSTRACT

Periodontitis is a chronic multifactorial inflammatory disease that leads to the loss of supportive tissues around the teeth with
gradual deterioration of masticatory function and esthetics, resulting eventually in the decrease of the life quality. Host immune
response triggered by bacterial biofilm is responsible for the chronic periodontal inflammation and ongoing tissue loss. Omega-3
polyunsaturated fatty acids (PUFA) such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have anti-inflammatory
properties, thus may be used for the treatment of chronic inflammatory diseases. In this study, we aimed to evaluate the effect of
dietary supplementation with omega-3 PUFA in the patients with stage Il and IV periodontitis. Thirty otherwise healthy patients were
treated with scaling and root planning (SRP). In the test group (n = 16), patients were additionally supplemented with 2.6 g of EPA
and 1.8 g of DHA. In the control group (n = 14), patients received only SRP. Periodontal examination was performed at baseline and
three months following initial therapy. Salivary samples were taken twice at baseline and at the end of the experiment. We found that
there was a statistically significant reduction in the bleeding on probing (BOP) and improvement of clinical attachment loss (CAL) at
three months in the test group compared to the control group. Moreover, a statistically significant higher percentage of closed pockets
(probing depth = 4 mm without BOP) was achieved in the test group vs. control group after three months of treatment. Accordingly,
the levels of pro-inflammatory cytokines/chemokines interleukin (IL)-8 and IL-17 were markedly lower, while the level of anti-
inflammatory IL-10 was significantly higher in the salivary samples of the patients supplemented with omega-3 PUFA at three months
in comparison to the patients treated with SRP alone. Our findings demonstrate that dietary intervention with high-dose of omega-3
PUFA during non-surgical therapy may have potential benefits in the management of periodontitis.

Sun M, Zhou Z, Dong J, Zhang J, Xia Y, Shu R. 2016. Antibacterial and antibiofilm activities of docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) against periodontopathic bacteria.
Microbial Pathogenesis. 99:196-203.

ABSTRACT

Docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) are two major omega-3 polyunsaturated fatty acids (n-3 PUFAs) with
antimicrobial properties. In this study, we evaluated the potential antibacterial and antibiofilm activities of DHA and EPA against two
periodontal pathogens, Porphyromonas gingivalis (P. gingivalis) and Fusobacterium nucleatum (F. nucleatum). MTT assay showed

that DHA and EPA still exhibited no cytotoxicity to human oral tissue cells when the concentration came to 100 QM and 200 QM,
respectively. Against P. gingivalis, DHA and EPA showed the same minimum inhibitory concentration (MIC) of 12.5 QM, and a respective
minimum bactericidal concentration (MBC) of 12.5 QM and 25 QM. However, the MIC and MBC values of DHA or EPA against F.
nucleatum were both greater than 100 QM. For early-stage bacteria, DHA or EPA displayed complete inhibition on the planktonic
growth and biofilm formation of P. gingivalis from the lowest concentration of 12.5 QM. And the planktonic growth of F. nucleatum

was slightly but not completely inhibited by DHA or EPA even at the concentration of 100 QM, however, the biofilm formation of F.
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nucleatum at 24 h was significantly restrained by 100 QM EPA. For exponential-phase bacteria, 100 QM DHA or EPA completely killed

P. gingivalis and significantly decreased the viable counts of F. nucleatum. Meanwhile, the morphology of P. gingivalis was apparently
damaged, and the virulence factor gene expression of P. gingivalis and F. nucleatum was strongly downregulated. Besides, the viability
and the thickness of mature P. gingivalis biofilm, together with the viability of mature F. nucleatum biofilm were both significantly
decreased in the presence of 100 QM DHA or EPA. In conclusion, DHA and EPA possessed antibacterial activities against planktonic and
biofilm forms of periodontal pathogens, which suggested that DHA and EPA might be potentially supplementary therapeutic agents for
prevention and treatment of periodontal diseases.

Whey Powder
Elsadek HM, E. H. A. Aboul-Ezz, Hassan GA, Bader R, Bayoumi F, EI-Badry TH. 2009 Jan 1. Effect of whey protein toothpaste and

powder in normal and diabetics.
Journal of Applied Sciences Research No.September, 1259-1264.

ABSTRACT

Whey protein has the ability to act as an antioxidant, antihypertensive, antitumour, hypolipidemic, antiviral, and antibacterial and inhibit
dental plaque formation. The present study was performed to investigate the effect of whey protein toothpaste and tooth powder on
dental plaque formation & to compare between whey protein concentrate preparations in normal and diabetic patients. Forty subjects
divided into three groups. Plaque index, gingival index, gingival bleeding index and microbiological assessment of suprageingival
plagque were recorded. Statistical analysis was done. Our results showing a highly significant decrease in dental plague formation in
healthy and diabetic patients use toothpaste and toothpowder with whey protein. The regular use of toothpaste or toothpowder
resulted in highly significant reduction of plaque index scores, gingival index, gingival bleeding index and in total viable count. Further
studies should be done to be emphasis the effect of whey protein on oral hygiene health.

Other Scientific References

Satoshi Shizukuishi, Eiji Inoshita, Akira Tsunemitsu, Nagae K, Kishi T, Folkers K. 1983. Effect of coenzyme q10 on experimental
periodontitis in canine.
Biomedical research. 4(1):33-40
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STOMAFOCUS SPRAY

Dear Veterinarian

StomaFocus spray is a theraceutical product formulated to support oral hygiene and fresher breath as well as the management of gum
disease in canine and feline. It is recommended to combine StomaFocus spray with StomaFocus powder for the ultimate management
of halitosis and gingivitis.

StomaFocus contains science-based dosages of Chlorhexidine, Zinc Gluconate, and Co Enzyme Q10 in a hydroxy propyl cellulose base.

The primary cause of halitosis in canine and feline are bacteria causing decay that creates sulfur compounds. Volatile sulfur compounds
may also play a role in periodontal disease, affecting the integrity of the tissue barrier, allowing endotoxins to produce periodontal
destruction. Metal ions, especially zinc, can inhibit the formation of odor through their natural attraction to sulfur; zinc and hydrogen
sulfide combine to form the insoluble compound zinc sulfide.

Zinc also interferes with microbial growth and calcification of microbial deposits that can cause halitosis. In addition to zink
Chlorhexidine decreases plagque accumulation and also have antibacterial affect assisting with the control of gingivitis and halitosis.

As with all other VetsBrands products StomaFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
Chlorhexidine

Hennet P. 2002. Effectiveness of a Dental Gel to Reduce Plaque in Beagle Canine.
Journal of Veterinary Dentistry. 19(1):11-14.

ABSTRACT

Tooth brushing is considered a superior technique for reducing plague accumulation. Chemical agents may be used to reduce plaque
accumulation on tooth surfaces since many owners may not be willing or able to brush their canine teeth. Following a professional
teeth cleaning procedure, a dental gel containing Chlorhexidine was applied in 11 canine BID for 7-days, while 11 other canine received a
control dental gel applied in the same manner. Canine in the treatment group had significantly less plague accumulation during the trial
period compared with canine in the control group. The dental gel applied in the study reported here decreases plaque accumulation in
the short-term and may be beneficial in reducing the severity of gingivitis and associated periodontal disease if provided on a long-
term basis.

Davies RM, Hull PS. 1973. Plaque inhibition and distribution of chlorhexidine in Beagle canine.
Journal of Periodontal Research. 8(s12):22-27.

ABSTRACT

Twelve Beagle canine were allocated to three equal groups on the basis of existing plague scores. Two gels, one containing 0.5 per
cent chlorhexidine digluconate, the other a placebo, were applied once daily to the teeth of separate groups of animals, the third group
serving as controls. The chlorhexidine gel inhibited the formation of plaque and reduced the severity of gingivitis. In a further study the
distribution of 14C-labelled chlorhexidine was determined in the oral and systemic tissues of canine after a single or repeated oral dose.
Labelled material was observed in the superficial epithelial layers of all oral tissues; higher levels, of activity were present on keratinized
than non-keratinized surfaces. This process of adsorption was apparently reversible and no accumulation of chlorhexidine was detected
in the mouth after repeated dosing. No absorption of labelled material through the oral tissues was observed.

Kolliyavar B, Shettar L, Thakur S. 2016. Chlorhexidine: The Gold Standard Mouth Wash.
J Pharm Biomed Sci. Vol. 06 No. 02: 106-109

ABSTRACT

Chlorhexidine (CHX) is used as the broad spectrum antiseptic since 1950. It is a widely used mouth wash because of its antiplaque and
antigingivitis properties. Antibacterial activity of CHX is mainly by disrupting bacterial cell membrane, which causes leakage of cellular
constituents and brings about cell death. Bactericidal and bacteriostatic activity depends on the dosage. This article discusses various
clinical applications, properties and

adverse effects of CHX.

Keywords: chlorhexidine, mouth wash, antiplagque agent

Zinc Gluconate

Karami H, Ebrahim Salehifar, Fatemeh Daghmechi, Naderisorki M. 2021. The effect of zinc gluconate mouthwash on the prevention of
mucositis following high-dose methotrexate in children with acute lymphoblastic leukemia.
Majallah-i mu li  t-i‘ul m-i pizishk . 32(8):589-596. doi:https://doi.org/10.52547/um;j.32.8.589

ABSTRACT
Background & aims: Inflammation of the oral mucosa is called mucositis, which is a common complication of non-surgical cancer
treatments. Some previous studies have considered zinc to be suitable for preventing and reducing the course of oral mucositis. Due to
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the very high prevalence of this phenomenon, this study aimed to investigate the effect of zinc on the mucosal phenomenon.

Materials & methods: This clinical trial study was performed on 47 children with Acute Lymphoblastic Leukemia (ALL) who were treated
with a high dose of methotrexate. Twenty-five patients were included in the group receiving mouthwash containing zinc gluconate and
22 patients were in the control group receiving mouthwash without zinc. Patients were examined for mucositis on days 3 and 7 after
starting methotrexate treatment. Data were analysed using SPSS 20 software.

Results: The incidence of mucositis during treatment with methotrexate was significantly lower in the zinc group than in the placebo
group. Results of mucositis severity on the third day of treatment showed that in the study group lower grades of mucositis were
observed while higher grades of mucositis were observed in placebo group. In the zinc group, no patient had grade 3 and 4 of
mucositis. The rate of nausea and vomiting was significantly lower in the zinc mouthwash group. There was no significant difference
in hematological status between the two groups. Fluid nutrition was significantly higher in zinc group but solid nutrition was not
statistically significant.

Conclusion: Findings showed that the use of zinc mouthwash significantly reduced the incidence, course, and severity of mucositis
during chemotherapy.
Effectiveness of zinc chloride mouthwashes on oral mucositis and weight of patients with cancer undergoing chemotherapy

Oshvandi, K., Vafaei, S.Y., Kamallan, S.R. et al. 2021.Effectiveness of zinc chloride mouthwashes on oral mucositis and weight of patients
with cancer undergoing chemotherapy.
BMC Oral Health 21, 364. https://doi.org/10.1186/s12903-021-01706-w

ABSTRACT

Background: Oral mucositis is one of the most emerging and debilitating complications of chemotherapy during the treatment period,
which strongly affects the nutritional status and physical and mental condition of these patients. Zinc increased protein synthesis and
improved cell membrane stability so passible effective in prevent and treat oral mucositis and promote oral health. Therefore, this study
aimed to evaluate the effect of zinc chloride mouthwash on the prevention, incidence, and severity of oral mucositis in cancer patients
undergoing chemotherapy.

Methods: The present study was a randomised control trial study. 96 patients with a cancer diagnosis selected from one oncology clinic
in the west of Iran. Then they assigned randomly to the zinc chloride group and placebo group. The patients in each group should rinse
their mouths every 8 h two times and each time 2 min with 7.5 ml from mouthwash. The severity of mucositis and weight loss examined
blindly at the baseline and 3-week follow-up.

Results: The incidence and severity of oral mucositis between groups were significant higher at the end of the second (p < 0.002) and
third (p < 0.001)

week. The mucositis severity decreased well during the third weeks in the zinc chloride group. The difference in the weight loss was
significant higher between the zinc chloride and the placebo group (p < 0.07).

Conclusion: Zinc chloride mouthwash was effective in preventing and reducing the severity of oral mucositis and improving weight in
patients undergoing chemotherapy.

Co-Enzyme Q10

Hanioka T, Tanaka M, Ojima M, Shizukuishi S, Folkers K. 1994. Effect of topical application of Coenzyme Q10 on adult periodontitis.
Molecular Aspects of Medicine. 15:5241-s248.

ABSTRACT

Topical application of Coenzyme Q10 (CoQ10) to the periodontal pocket was evaluated with and without subgingival mechanical
debridement. Ten male patients with adult periodontitis participated and 30 periodontal pockets were selected. During the first 3
weeks, the patients did not receive any periodontal therapy except the topical application of CoQ10. After the first 3-week period, root
planning and subgingival scaling were performed in all sites. CoQ10 was applied in 20 of the pockets once a week for a period of 6
weeks. Soybean oil was applied to the remaining 10 sites as a control.

In the first 3-week period, significant reductions in gingival crevicular fluid flow, probing depth and attachment loss were found only
at experimental sites. After mechanical subgingival debridement, significant decreases in the plaque index, gingival crevicular fluid
flow, probing depth and attachment loss were found both at experimental and control sites. However, significant improvements in the
modified gingival index, bleeding on probing and peptidase activity derived from periodontopathic bacteria were observed only at
experimental sites. These results suggest that topical application of CoQ10 improves adult periodontitis not only as a sole treatment
but also in combination with traditional nonsurgical periodontal therapy.
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STRUVIFOCUS

Dear Veterinarian,

StruviFocus is formulated to support canine and feline prone to struvite urolithiasis by promoting urinary health and reducing the risk
of stone formation.

Struvite uroliths, primarily composed of magnesium, ammonium, and phosphate, commonly form in alkaline urine and are frequently
associated with urinary tract infections (UTIs) in canine or dietary and metabolic factors in feline. StruviFocus is designed to help lower
urinary pH, creating an acidic environment that aids in dissolving struvite stones and preventing recurrence.

Detailed scientific summaries of the key ingredients are provided below.
The benefits of StruviFocus include:
. N-Acetyl-D-Glucosamine (NAG): Supports the integrity of the glycosaminoglycan (GAG) layer, a protective barrier in the
bladder, helping to reduce inflammation and irritation. A healthy GAG layer may also deter bacterial and crystal adhesion.
. Parsley Powder: A natural diuretic that promotes urinary flow, aiding in the flushing of struvite-forming minerals.
. L-Methionine Lactobacillus and Cranberry extract assist in lowering urinary pH

As with all other VetsBrands products StruviFocus is also Vet-Only ad infinitum available to you as a Veterinarian.
Regards

Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
L Methionine

Amber, Bartges JW, Moyers TD. 2023. d,I-Methionine in combination with amoxicillin-clavulanic acid successfully dissolves
spontaneously occurring infection-induced struvite urocystoliths in canine: a pilot study.

Journal of the American Veterinary Medical Association. 261(8):1152-1159.

ABSTRACT
Objective: To determine the efficacy and safety of a urinary acidifier (d,I-methionine (Methio-Form)) and an antimicrobial agent
(amoxicillin-clavulanic acid (Clavamox)) without changing diet for dissolving infection-induced struvite urocystoliths in canine.

Animals 14 canine were recruited for this prospective study; 11 completed it and 3 canine withdrew due to inability of the own ers to
administer the treatment (n = 2) or refusal of treatment by the canine ().

Procedures: All canine were administered d,I-methionine (approx initial dose of 75 mg/kg, PO, g 12 h) and amoxicillin-clavulanic acid (22
mg/kg, PO, g 12 h) based on urine culture and sensitivity. Urine pH, urinalysis, urine culture, venous blood gas and serum biochemical
analysis, and lateral survey abdominal radiographic images were evaluated initially and every 4 weeks until urolith dissolution (success)
or lack of change in size and/or shape of urocystoliths on 2 consecu tive reevaluation points (failure) occurred.

Results: Uroliths dissolved in 8 of 11 canine in a median of 2 months (range, 1to 4 months) with a final effective dosage of d,| methionine
of approximately 100 mg/kg, PO, every 12 hours. In 3 canine, uroliths failed to dissolve and were removed surgically; they contained
variable amounts of calcium oxalate. No adverse events occurred.

Clinical relevance Infection-induced struvite urolithiasis is 1 of the 2 most common minerals occurring in canine uroliths. Results of this
study supported the use of d,I-methionine and amoxicillin-clavulanic acid without changing diet for dissolution of infection-induced
struvite urocystoliths in canine.

S. Canello, S. Centenaro, Guidetti G. 2017. Nutraceutical approach for struvite uroliths management in feline.
The journal of applied research in veterinary medicine. 15(1):19-25.

ABSTRACT

Urolithiasis accounts for 15% to 23% of cases of feline lower urinary tract disease (FLUTD), with struvite uroliths occurring more
frequently, followed by calcium oxalate, ammonium urate, cystine, and xanthine calculi. In this clinical evaluation, we tested the efficacy
of a commercially available nutraceutical diet in 33 feline affected by struvite uroliths. Results clearly indicated a significant urine
colour, turbidity, pH, RBC, WBC, weight and proteins decrease (*p < 0.001, *p < 0.05), and a significant decrease of struvite uroliths in
all treated feline. The nutraceutical diet enriched by botanicals, such as, Hieracium pilosella, Urtica dioica, Lespedeza spp, Vaccinium
macrocarpon, Taraxacum officinale formulated with DL-methionine, and a controlled addition of minerals and amino acids resulted
particularly effective for struvite uroliths management. This work can pave the way for a new, safe, and long lasting natural approach to
treat struvite uroliths.

Siener R, Struwe F, Hesse A. 2016. Effect of L-Methionine on the Risk of Phosphate Stone Formation.
Urology. 98:39-43

ABSTRACT

Objective: To determine the physiological effects following administration of the sulfur-containing amino acid L-methionine on urinary
risk factors for calcium oxalate and phosphate stone formation under controlled, standardized conditions.
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Results: After single-dose administration of L-methionine, 24-hour fractional urinary pH decreased to values between 5.98 and 6.32.
Urinary Sulphate excretion, a direct marker for the metabolism of L-methionine, and ammonium excretion, which reflects the increase
in net acid production, increased significantly after L-methionine administration. Urinary calcium excretion did not differ between
control and test day (5.55 vs 5.45mmol/24 hours; P=.754). The relative supersaturation of brushite and struvite decreased significantly
by 25% (P =.010) and 34% (P =.049), respectively, whereas the risk of calcium oxalate stone formation was not affected by application
of L-methionine (P=.477).

Conclusion: The present findings show that L-methionine effectively decreases urinary pH and the risk of struvite and calcium
phosphate stone formation in healthy subjects. Hypercalciuria is not expected to occur at physiological doses of L-methionine.

Bartges JW, Callens AJ. 2015. Urolithiasis
Vet Clin Small Anim 45 (2015) 747-768

Key points: Urolithiasis occurs commonly in canine and feline, and most uroliths occur in the lower urinary tract. More than 80% to
90% of lower urinary tract uroliths are struvite or calcium oxalate. Some uroliths, such as struvite, cysteine, and urate, are amenable to
medical dissolution, whereas others, such as calcium oxalate, are not.

Extract from article

In this protocol, the diet was not changed; instead a urinary acidifier, D,L-methionine, was administered at a dosage of 75 to 100 mg/
kg by mouth every 12 hours in combination with an appropriate antibiotic for the organism responsible for struvite formation (typically
Staphylococcus).36 Median time to dissolution was 2 months, with a range of 1to 4 months.

Cranberry extract

Chou H-I, Chen K-S, Wang H-C, Lee W-M. 2016. Effects of cranberry extract on prevention of urinary tract infection in canine and on
adhesion of Escherichia coli to Madin-Darby canine kidney cells. American Journal of Veterinary Research. 77(4):421-427.

ABSTRACT

Objectives: To determine effects of cranberry extract on development of urinary tract infection (UTI) in canine and on adherence of
Escherichia coli to Madin-Darby canine kidney (MDCK) cells. ANIMALS 12 client-owned canine (in vivo experiment) and 6 client-owned
canine (in vitro experiment).

Procedures 12 canine with a history of recurrent UTI received an antimicrobial (n = 6) or cranberry extract (6) orally for 6 months.
Canine were monitored for a UTI. For the in vitro experiment, cranberry extract was orally administered to 6 canine for 60 days. Voided
urine samples were collected from each canine before and 30 and 60 days after onset of extract administration. Urine was evaluated
by use of a bacteriostasis assay. An antiadhesion assay and microscopic examination were used to determine inhibition of bacterial
adherence to MDCK cells.

Results: None of the 12 canine developed a UTI. The bacteriostasis assay revealed no zone of inhibition for any urine samples.
Bacterial adhesion was significantly reduced after culture with urine samples obtained at 30 and 60 days, compared with results for
urine samples obtained before extract administration. Microscopic examination revealed that bacterial adherence to MDCK cells was
significantly reduced after culture with urine samples obtained at 30 and 60 days, compared with results after culture with urine
samples obtained before extract administration.

Conclusions and clinical relevance:Oral administration of cranberry extract prevented development of a UTI and prevented E coli
adherence to MDCK cells, which may indicate it has benefit for preventing UTlIs in canine.

Biasibetti E, Capucchio M, Cocca T, MauroBigliati, Bruni N, Martello E. 2019. A pilot study to evaluate alternative approaches for
treatment of urinary tract infections in canine.
Asian Journal of Biomedical and Pharmaceutical Sciences. 9(66).

ABSTRACT

Bacteria represent the most common cause of urinary tract infection. Antimicrobial drugs are the cornerstone of treatment of urinary
bacterial infections. Because of the chronic nature of urinary bacterial infections urinary tract infection (UTI) and the potential for
antibiotic resistance, a natural approach to prevention and treatment is desirable. This study evaluated the efficacy of a polyphenolic
extract obtained from cranberries. The product was daily orally administered to 10 canine with bacterial cystitis for a period of 60
days. The results obtained, despite of the small population under study, suggest a potential efficacy of the product in treating bacterial
cystitis.

Gune Y, Anla C, Dokuzeylll B. 2022. Pharmacological and clinical approach to plant based complementary health products in lower
urinary system diseases in feline and canine.
Journal of Istanbul Veterinary Sciences. 6(3):116-122.

ABSTRACT

Medicinal plants, which are widely used in the treatment of many diseases in folk medicine, are alternative treatment approaches that
allow to overcome the limitations of modern treatments such as high treatment costs and difficulty in accessing health services. In
addition to their traditional uses, the World Health Organisation (WHO) also recommends the use of medicinal plants as alternative
applications, especially in countries where have limited access to modern medical facilities. Limitations on the methods used in the
treatment of lower urinary tract diseases such as urinary tract infection and urolithiasis in both human and veterinary practice (high
treatment cost, low tolerability, development of antibacterial resistance, etc.) have brought the use of natural products of herbal origin
within the scope of supportive/complementary treatment approaches. Although the mechanism of action of medicinal plants in the
treatment of lower urinary tract diseases is not clearly known, studies have shown that they increase the glomerular filtration rate;
and they can be complementary alternatives to conventional treatment due to their anti-lithogenic, antibacterial, antioxidant and
anti-inflammatory activities. Patients that referred to with one or more of the symptoms of urinary system diseases such as polyuria,
pollakiuria, dysuria, stranguria, anuria, hematuria, urinary incontinence constitute the case group of one of the first three systemic
diseases most frequently brought to the clinic. Failure to intervene in the diseases shaped in the lower urinary system in a timely
manner causes negative consequences such as the disease becoming chronic, the progression of the disease to the upper urinary
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system in progressive cases, and a decrease in the quality of life. Complementary products used in addition to medical treatment are
sometimes used for prophylactic purposes. In this context, many supplements have been prescribed for different diseases in small
animal practice in recent years. In this review, it is aimed to convey current developments about medicinal plants, which are used
effectively within the scope of supportive treatment practices in lower urinary system diseases of feline and canine, to veterinary
clinical practice.

Extract from article

Cranberry inhibits the adhesion of uropathogens of type | and P fimbriae (e.g., uropathogenic E. coli) to the uroepithelium. In addition,
it prevents the spread of infections by preventing colonization. Various components in cranberry can also alter the adhesion ability of
P-derived uropathogenic bacteria. As well, cranberry can affect bacterial adhesion by changing the cell surface properties of bacteria
and causing a positive shift in the distribution of zeta potentials (electric potentials across the interface of solids and liquids).

N-acetyl-D-Glucosamine (NAG)

The bladder wall is lined with a glycosaminoglycan (GAG) layer, which acts as a protective barrier against bacteria, toxins, and crystals.
NAG is a key building block of this layer and may help repair and maintain its integrity, reducing inflammation and irritation. Struvite
uroliths often form in alkaline urine and are commonly associated with urinary tract infections (UTIs). NAG has mild anti-inflammatory
effects, which may help soothe the bladder lining in chronic or recurrent cases. A healthy GAG layer may make it harder for crystals and
bacteria to adhere to the bladder wall, potentially reducing the risk of further stone formation.

Panchaphanpong J, Asawakarn T, Pusoonthornthum R. 2011. Effects of oral administration of
N-acetyl-d-glucosamine on plasma and urine concentrations of glycosaminoglycans in feline with idiopathic cystitis.
AJVR. 72 (6): 843 - 850

ABSTRACT
Objective: To determine the effects of once-daily oral administration of N-acetyl-d-glucosamine (NAG) on plasma and urine
glycosaminoglycan (GAG) concentrations in feline with idiopathic cystitis (IC).

Animals: 19 feline with IC and 10 clinically normal feline.

Procedures: Feline with IC were randomly assigned to receive 250 mg of NAG in capsule form orally once daily for 28 days (n =12) or a
placebo (capsule containing cellulose) orally once daily for the same period (7). In feline with IC, plasma and urine GAG concentrations
and urine creatinine concentration were measured on days O (immediately before first dose), 7, 14, 21, 28, and 56. For purposes of
comparison, those variables were measured in 10 clinically normal feline on day O.

Results: Mean 3 SEM urine GAG-to-creatinine concentration ratios (day O data) for feline with IC and clinically normal feline differed
significantly (3113 0.62 Qg/mL and 14.23 3 3.47 Qg/mL, respectively). For feline with IC, mean plasma GAG concentration in NAG-
treated feline (39.96 3 5.34 Qg/mL) was higher than that in placebo-treated feline (24.20 3 3.35 Qg/mL) on day 21. In the NAG-treated
feline, plasma GAG concentration on days 21 (39.96 3 5.34 Qg/mL) and 28 (39.91 3 6.74 Qg/mL) differed significantly from the day O
concentration (27.46 3 3.90 Qg/mL).

Conclusions and Clinical Relevance: Feline with IC have lower urinary GAG-to-creatinine concentration ratios than did clinically normal
feline. Administration of NAG (250 mg, PO, g 24 h) significantly increased plasma GAG concentrations in feline with IC after 21 days of
treatment.

He C, Fan K, Hao Z, Tang N, Li G, Wang S.2022. Prevalence, Risk Factors, Pathophysiology, Potential Biomarkers and Management of
Feline Idiopathic Cystitis: An Update
Review. Front. Vet. Sci. 9:900847.doi: 10.3389/fvets.2022.900847

ABSTRACT

Feline idiopathic cystitis is a widespread disease in small animal clinics, which mainly presents with urinary signs like dysuria, stranguria,
hematuria, pollakiuria, and periuria. The etiopathogenesis of the disease may involve interactions between the environmental stressors,
neuroendocrine system and bladder of affected feline. Diagnostic biomarkers have not been tested in clinical studies though they are
theoretically feasible, and since the clinical signs of the disease assemble those of other feline lower urinary diseases, its diagnosis is

a procedure of exclusion. The primary treatment of the disease is long-term multimodal environmental modification (or enrichment)
while anti-anxiety drugs and nutritional supplements are recommended for chronic recurrent cases. Still, many medicines need to be
evaluated for their efficacy and safety. This review aims to provide readers with a comprehensive understanding of feline idiopathic
cystitis by summarizing and updating studies concerning the prevalence, risk factors, etiological hypotheses, diagnostic procedures,
possible treatments, and prognosis of the disease.

Thasinas Dissayabutra, Nuttiya Kalpongnukul, Kanokporn Chindaphan, Monpicha Srisa-art, Wattanachai Ungjaroenwathana, Maroot
Kaewwongse, Kroonpong lampenkhae, Piyaratana Tosukhowong. 2019. Urinary Sulphate d glycosaminoglycan insufficiency and
chondroitin Sulphate supplement in urolithiasis.

PLoS ONE. 14(3):e0213180-e0213180.

ABSTRACT

Familial members of urolithiasis have high risk for stone development. We observed the low Sulphate d glycosaminoglycan (GAG)
excretion in urolithiasis patients and their descendants. In this study, we investigated urinary excretion of Sulphate d GAG, chondroitin
Sulphate (CS), heparan Sulphate (HS) and hyaluronic acid (HA) in urolithiasis and their children, and explored the effect of CS and
HA supplement in urolithic hyperoxaluric rats. The 24-hour urines were collected from urolithiasis patients (28) and their children (40),
as well as healthy controls (45) and their children (33) to measure urinary Sulphate d GAG, CS, HS and HA excretion rate. Our result
showed that urinary Sulphate d GAG and CS were diminished in both urolithiasis patients and their children, while decreased HS and
increased HA were observed only in urolithiasis patients. Percentage of HS per Sulphate d GAG increased in both urolithiasis patients
and their children. In hyperoxaluric rats induced by ethylene glycol and vitamin D, we found that CS supplement could prevent stone
formation, while HA supplement had no effect on stone formation. Our study revealed that decreased urinary GAG and CS excretion are
common in familial members of urolithiasis patients, and CS supplement might be beneficial in calcium oxalate urolithiasis prophylaxis
for hyperoxaluric patients.
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Erturk E, Kiernan M, Schoen SR. 2002. Clinical association with urinary glycosaminoglycans and urolithiasis.
Urology. 59(4):495-499

ABSTRACT
Objectives: To determine the clinical association between urinary glycosaminoglycan (GAG) concentration and kidney stone disease.

Methods: Thirty-five patients (14 women and 21 men) with a history of stone disease and 37 controls (13 women and 24 men) were
evaluated for urinary GAG concentration. By using a new dye-binding assay, the total GAG concentration in the urine was measured and
corrected to urinary creatinine levels (micrograms of GAG per milligram creatinine).

Results: The mean urinary GAG concentration in those with stones was significantly lower (31.5 3 2.6 Qg GAG/mg creatinine) than in the
controls (43.8 3 3.8 Qg GAG/mg creatinine, P = 0.01). Male patients with stones also had a significantly lower mean GAG concentration
(26.1 3 1.8) than did the female patients (39.6 3 5.3, P = 0.009). The mean GAG concentration between ureteral (n = 13) versus renal (n

= 22), single (n = 19) versus multiple (n =16), family history (n = 11) versus no family history (n = 24), large (n = 13) versus small (n = 20),
and the presence (n = 22) versus absence (n = 13) of residual stones did not show any significant differences. However, patients with
recurrent stone formation (n = 21) had significantly lower mean GAG levels (26.4 3 1.6) compared with those with single stone formation
(n=14;39.235.5,P=0.00.

Conclusions: Lower urinary GAG levels are more common in patients with stone formation. This may play a more determinant role in
male patients and those with recurrent stone formation.

Omega 3 Essential Fatty Acids
Eicosapentaenoic Acid (EPA), Docosahexaenoic Acid (DHA)

Hall JA, Brockman JA, Davidson SJ, MacLeay JM, Jewell DE. 2017. Increased dietary long-chain polyunsaturated fatty acids alter serum
fatty acid concentrations and lower risk of urine stone formation in feline.
PLOS ONE. 12(10):e0187133.

ABSTRACT

The life span of feline with non-obstructive kidney stones is shortened compared with healthy feline indicating a need to reduce

stone formation and minimize chronic kidney disease. The purpose of this study was to investigate the effects of increasing dietary
polyunsaturated fatty acids (PUFA) on urine characteristics. Domestic-short-hair feline (n = 12; mean age 5.6 years) were randomised
into two groups and fed one of two dry-feline foods in a cross-over study design. For one week before study initiation, all feline
consumed control food that con tained 0.07% arachidonic acid (AA), but no eicosapentaenoic acid (EPA) or docosahexae noic acid
(DHA). Group 1 continued eating control food for 56 days. Group 2 was fed test food for 56 days, which was control food plus fish oil
and high-AA oil. Test food contained 0.17% AA,0.09%EPAand0.18%DHA. After56 days,feline werefed the opposite food for another 56
days. At baseline and after each feeding period, serum was analysed for fatty acid concentrations, and urine for specific gravity, calcium
concentration, relative-super-saturation for struvite crystals, and a calcium-oxalate-titrimetric test was performed. After consuming test
food, feline had increased (all P<0.001) serum concentrations of EPA (173%), DHA(61%),and AA(35%);decreased urine specific gravity
(P = 0.02); decreased urine calcium concentration (P = 0.06); decreased relative-super-saturation for struvite crystals (P = 0.03); and
increased resistance to oxalate crystal formation (P = 0.06) compared with feline consuming control food. Oxalate crystal formation
was correlated with serum calcium concentration (r = 0.41; P<0.01). These data show benefits for reducing urine stone formation in
feline by increasing dietary PUFA.

Tamma SM, Shorter B, Toh KL, Moldwin R, Gordon B. Influence of polyunsaturated fatty acids on urologic inflammation.
Int Urol Nephrol. 2015 Nov;47(11):1753-61

ABSTRACT

Purpose Studies demonstrate that polyunsaturated fatty acids, fish oils, and alpha-linoleic acid are beneficial anti-inflammatory agents,
which suppress inflammatory mediators and their activity. Methods This review focuses on the effects of omega-3 fatty acids (O-3FAs)
on three primary urologic organs (bladder, kidney, and prostate) and associated conditions such as urolithiasis, kidney transplantation,
interstitial cystitis/bladder pain syndrome, bladder cancer, prostate cancer (CaP), and chronic prostatitis/chronic pelvic pain syndrome.
Results The following themes emerged: the potential influence of O-3FA in suppressing urologic inflammation; the supportive role

of O-3FA in therapeutic interventions; pro-inflammatory mechanisms of omega-6 fatty acids (O-6FAs) associated with disease
progression; and the importance of the optimal ratio of O-6FAs/O-3FAs.

Extract from article

Fish oils appear to inhibit kidney stone formation. In animal models, O-3FAs significantly reduced prostaglandin levels, thereby
decreasing calcium excretion.It is conceivable that consumption of O-3FAs can reduce the inflammation associated with IC/BPS.
Perhaps dietary supplementation with O-3FAs can serve as an adjunct to conventional management options.

Pre- and pro biotics
Lactobacillus Acidophilus, Mannanoligosaccharides (MOS) Fructooligosaccharides(F0S)

Dominika Szczerbiec, Mirostawa Staba, Agnieszka Torzewska. 2023. Substances Secreted by Lactobacillus spp. from the Urinary Tract
Microbiota Play a Protective Role against Proteus mirabilis Infections and Their Complications.
International Journal of Molecular Sciences. 25(1):103-103.

ABSTRACT

Proteus mirabilis urinary tract infections can lead to serious complications such as development of urinary stones. Lactobacillus spp.,
belonging to the natural microbiota of the urinary tract, exhibit a number of antagonistic mechanisms against uropathogens, including
the secretion of organic acids. In this study, we determined the anti-adhesion, anti-cytotoxicity and anti-crystallization properties of
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the substances secreted by Lactobacillus. For this purpose, membrane inserts with a pore diameter 0.4 Qm were used, which prevent
mixing of cultured cells, simultaneously enabling the diffusion of metabolic products. The intensity of crystallization was assessed by
measuring the levels of Ca2+, Mg2+ and NH3 and by observing crystals using microscopic methods. The cytotoxicity of the HCV-29 cell
line was determined using the LDH and MTT assays, and the impact of lactobacilli on P. mirabilis adhesion to the bladder epithelium
was assessed by establishing CFU/mL after cell lysis. It was shown that in the presence of L. gasseri the adhesion of P. mirabilis and

the cytotoxicity of the cells decreased. The degree of crystallization was also inhibited in all experimental models. Moreover, it was
demonstrated that L. gasseri is characterized by the secretion of a high concentration of L-lactic acid. These results indicate that
L-lactic acid secreted by L. gasseri has a significant impact on the crystallization process and pathogenicity of P. mirabilis.

Extract from article

The formation process of these stones is related to the action of urease and they constitute up to 15% of all kidney stones. The
mechanism of their formation begins with an increase in urine pH due to the urease activity. Urea hydrolysis into ammonia and carbon
dioxide causes an increase in the concentrations of NH4+, PO43 and CO32 ions. Cooperatively with Mg2+ and Ca2+ ions, it leads to
the formation of struvite and carbonate apatite.

There are several mechanisms that allow Lactobacillus to protect the epithelium against pathogens. Lactic acid bacteria
secrete extracellular substances such as organic acids or bacteriocins, which have an antibacterial effect, secrete proteins that
degrade carbohydrate receptors and have an ability to produce receptor analogs and biosurfactants. The inhibition of adhesion
canoccurbydisplacing pathogensfromtheepitheliumcells andbycompetition with the pathogen for specific receptors.

Parsley (Petroselinum Crispum)

Glne Y, Anla C, Dokuzeylul B. 2022. Pharmacological and clinical approach to plant based complementary health products in lower
urinary system diseases in feline and canine.
Journal of Istanbul Veterinary Sciences. 6(3):116-122.

Extract from article

Parsley is a potent diuretic that works by inhibiting the activity of Na+/K+/ATPases both in the renal cortex and medulla. This inhibition
reduces apical cellular N+ reabsorption, decreases K+ secretion, increases intercellular K+ concentration, and consequently passively
inhibits passive K+ across tight junctions. Parsley inhibits the Na+ and K+ pumps, thereby decreasing Na+ and K+ reabsorption, which
results in osmotic fluid passage into the lumen and diuresis (Kreydiyyeh, 2002). In an experiment with rats, it was found that after
ingestion of parsley seed extract, a greater amount of urine volume was eliminated in 24 hours compared to the control group that
drank only water. This provides evidence for the diuretic effect of parsley seed extract (Wynn and Fougere, 2007
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DESCRIPTION

AS A NUTRITIONAL AID
FOR THE TREATMENT AND
PREVENTION OF BACTERIAL
CYSTITIS.

4)

COMPOSITION

EACH KG CONTAINS:

Krill POWAEr ..o 709
Mannanoligosaccharides (MOS)......... 659
Fructooligosaccharides (FOS)............. 659
D-MaNNOSEe ....ocviiiiicere e 569
Cranberry EXtract ....ccoceveevviccvieennns 409
N Acetyl Cysteine ....cccocoeevveecvvieecrcinn 309
Enterococcus Faecium ....... 2.5 x10"° CFU
Parsley POWAEr ......cccovveeeiierieeerienn 0.5g
Palmitoylethanolamide (PEA) ............... 5g
PACKAGING

e 2509
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DIRECTIONS FOR USE

FOR TREATMENT OF ACTIVE
CYSTITIS: Use 1g per 2kg of canine and
feline body weight, twice per day, for
the first 10 days.

FOR PREVENTION OF RECURRING
BACTERIAL CYSTITIS: Use 1g per 2kg
of canine and feline body weight, once
per day for as long as clinically needed.
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URIFOUCS

Dear Veterinarian,

UriFocus features a carefully formulated blend of scientifically validated ingredients:

. D-Mannose: Prevents E. coli adhesion to the uroepithelium.

. Combined EPA & DHA: Reduces inflammation and supports overall health.

. Cranberry Extract: Helps maintain a healthy urinary tract.

. N-Acetylcysteine: Disrupts bacterial biofilms.

. Parsley Powder: Acts as a natural diuretic and promotes bacterial elimination.

. Pre- and pro biotics: Support a healthy gut microbiome.

. Palmitoylethanolamide (PEA): Offers potent analgesic properties for pain relief.
. Pre- and pro biotics: Reduce the incidence of bacterial cystitis.

UriFocus is specifically tailored to address the unique needs of canine with bacterial cystitis. Unlike our CystoFocus product, which

is focused on interstitial cystitis, UriFocus provides targeted support for mainly canine experiencing recurrent urinary tract bacterial
infections. The product can be used as a treatment for patients with active cystitis as well as preventative in patients with recurrent
bacterial cystitis.

By incorporating these essential ingredients into a convenient palatable powder form, UriFocus Canine offers a convenient and
effective way to manage bacterial cystitis.

As with all other VetsBrands products CystoFocus is also Vet-Only ad infinitum available to you as a Veterinarian.

Regards
Dr Ockert Botha (BVSc), Dr Izak Venter (MMedVet Ophth)

Extracts of Scientific Publications
D Mannose

DeLomba E. 2022. D-mannose Use for Bacterial Urinary Tract Infections in Canine and Feline.
AHVMA Journal. Volume 67: 23 - 29

ABSTRACT

D-mannose is a 6-carbon sugar that has benefits in complementary therapy in veterinary medicine. The most researched application is
in the treatment and prevention of urinary tract infections (UTIs) caused by Escherichia coli (E coli). Research has shown that E coli has
mannose receptors on its fimbriae which bind to D-mannose, preventing it from attaching to the uroepithelium. As a result, the bacteria
are eliminated during urination instead of colonizing urinary tissues. Since recurrent UTIs are common in canine and feline, in cases in
which the infection is due to outside factors, preventive use of D-mannose can be of value. Benefits include low cost, low incidence

of adverse effects, and perhaps less risk for development of antibiotic resistance. D-mannose should be considered as a standard
preventive measure when formulating treatment plans for patients with recurrent UTls.

Domenici L, Monti M, Bracchi C, Giorgini M, Colagiovanni V, Muzii L, Benedetti Panici P. 2016. D-mannose: a promising support for acute
urinary tract infections in women. A pilot study.
Eur Rev Med Pharmacol Sci. 20(13):2920-5.

ABSTRACT

Obijective: Urinary tract infections still represent a significant bother for women and result in high costs to the health system.
D-mannose is a simple sugar; it seems able to hinder bacteria adhesion to the urothelium. The present study aimed to determine
whether D-mannose alone is effective in treating acute urinary tract infections in women and its possible utility in the management of
recurrences.

Patients and methods: This is a pilot study, performed between April 2014 and July 2015 at Department of Gynaecological Obstetrics
and Urologic Sciences of “Sapienza” University of Rome. A D-mannose compound was administered twice daily for 3 days and then
once a day for 10 days. Changes in patients’ symptoms, the therapeutic effects and changes in quality of life (QoL) were evaluated
clinically and using a specifically validated questionnaire (UTISA). After described treatment, patients were randomised in receiving or
not prophylaxis in the next 6 months.

Results: Mean UTISA scores recorded after completing the treatment, compared with baseline scores, showed a significant
improvement of the majority of symptoms (p < 0.05). D-mannose seemed to have had a significant positive effect on UTIs’ resolution
and QoL improvement (p = 0.0001). As prophylactic agent administered for 6 months, it showed promising results (4.5% vs. 33.3%
recurrences in treated and untreated patients respectively).

Conclusions: The results of this study suggest that D-mannose can be an effective aid in acute cystitis management and also a
successful prophylactic agent in a selected population; however, more studies will certainly be needed to confirm the results of our pilot
study.

Palleschi G, Carbone A, Pier Paolo Zanello, Mele R, Leto A, Fuschi A, Yazan Al Salhi, G. Velotti, Samer Al Rawashdah, Coppola G, et al.
2017. Prospective study to compare antibiosis versus the association of N-acetylcysteine, D-mannose and Morinda citrifolia fruit extract
in preventing urinary tract infections in patients submitted to urodynamic investigation.

Archivio italiano di urologia, andrologia. 89(1):45-45
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SUMMARY

Background: The abuse of antimicrobical drugs has increased the resistance of microorganisms to treatments, thus to make urinary
tract infections (uTiS) more difficult to eradicate. Among natural substances used to prevent UTI, literature has provided preliminary data
of the beneficial effects of D-mannose, N-acetylcysteine, and Morinda citrifolia fruit extract, due to their complementary mechanism of
action which contributes respectively to limit bacteria adhesion to the urothelium, to destroy bacterial pathogenic biofilm, and to the
anti-inflammatory and analgesic activity. The purpose of this study was to compare the administration of an association of D-mannose,
N-acetylcysteine (NAC) and Morinda citrifolia extract versus antibiotic therapy in the prophylaxis of UTls potentially associated with
urological mini-invasive diagnostics procedures, in clinical model of the urodynamic investigation.

Methods: 80 patients eligible for urodynamic examination, 42 men and 38 women, have been prospectively enrolled in the study and
randomised in two groups (A and B) of 40 individuals. Patients of group A followed antibiotic therapy with Prulifloxacine, by mouth
400 mg/day for 5 days, while patients of the group B followed the association of mannose and NAC therapy, two vials/day for 7 days.
Ten days after the urodynamic study, the patients were submitted to urine examination and urine culture.

Results: The follow up assessment didn’t show statistical significant difference between the two groups regarding the incidence of UTI.

Conclusions: The association of mannose and NAC therapy resulted similar to the antibiotic therapy in preventing UTIs in patients
submitted to urodynamic examination. This result leads to consider the possible use of these nutraceutical agents as a good alternative
in the prophylaxis of the UTI afterwards urological procedures in urodynamics.

Extract from article

D-mannose is sparely metabolized, and mostly removed through the urine. The mechanism of action is represented by the inhibition of
bacterial adhesion to the urothelium, interfering with fimbrial adhesins type | - Mannose - sensitive. D-mannose plays an important role
also in other functions such as the ability to regenerate glycosaminoglycans (GAGs) of bladder and mucosal surface, after injury, and to
detach bacteria already linked at the urothelium.

Crocetto F, Balsamo R, Amicuzi U, et gal. 2023. Novel Key Ingredients in Urinary Tract Health-The Role of D-mannose, Chondroitin
Sulphate, Hyaluronic Acid, and N-acetylcysteine in Urinary Tract Infections (Uroial PLUS®).
Nutrients. 2023 Aug 14;15(16):3573

ABSTRACT

Urinary tract infections represent a common and significant health concern worldwide. The high rate of recurrence and the increasing
antibiotic resistance of uropathogens are further worsening the current scenario. Nevertheless, novel key ingredients such as
D-mannose, chondroitin sulphate, hyaluronic acid, and N-acetylcysteine could represent an important alternative or adjuvant to the
prevention and treatment strategies of urinary tract infections. Several studies have indeed evaluated the efficacy and the potential use
of these compounds in urinary tract health. In this review, we aimed to summarise the characteristics, the role, and the application of
the previously reported compounds, alone and in combination, in urinary tract health, focusing on their potential role in urinary tract
infections.

Eicosapentaenoic Acid (EPA) & Docosahexaenoic Acid (DHA)

Magalhdes TR, Lourenco AL, Gregdrio H, Queiroga FL. 2021. Therapeutic Effect of EPA/DHA Supplementation in Neoplastic and Non-
neoplastic Companion Animal Diseases: A Systematic Review.
In Vivo. 35(3):1419-1436.

ABSTRACT
Background/Aim: The aim of this study is to identify and describe randomised controlled studies evaluating the therapeutic effect of
EPA and DHA supplementation in companion animal diseases.

Materials and Methods: A systematic search was conducted in PubMed database and the information collected was summarised and
evaluated according to the risk of bias, using the revised Cochrane tool (RoB2).

Results: Twenty-three studies were eligible for inclusion: twenty performed in canine and three in feline. A therapeutic benefit

was found in canine allergic dermatitis, haircoat disorder, keratoconjunctivitis sicca, valvular disease, and canine and feline
osteoarthritis. Canine diagnosed with chronic heart failure and lymphoma and feline with allergic dermatitis also seem to benefit from
supplementation with omega-3 fatty acids, but studies with improved methodological quality are needed to strengthen this evidence.

Conclusion: EPA and DHA supplementation has proven benefits in the adjuvant treatment of various neoplastic and non-neoplastic
diseases in canine and feline.

Tamma SM, Shorter B, Toh KL, Moldwin R, Gordon B. Influence of polyunsaturated fatty acids on urologic inflammation.
Int Urol Nephrol. 2015 Nov;47(11):1753-61

ABSTRACT

Purpose Studies demonstrate that polyunsaturated fatty acids, fish oils, and alpha-linoleic acid are beneficial anti-inflammatory agents,
which suppress inflammatory mediators and their activity. Methods This review focuses on the effects of omega-3 fatty acids (O-3FAs)
on three primary urologic organs (bladder, kidney, and prostate) and associated conditions such as urolithiasis, kidney transplantation,
interstitial cystitis/bladder pain syndrome, bladder cancer, prostate cancer (CaP), and chronic prostatitis/chronic pelvic pain syndrome.
Results The following themes emerged: the potential influence of O-3FA in suppressing urologic inflammation; the supportive role

of O-3FA in therapeutic interventions; pro-inflammatory mechanisms of omega-6 fatty acids (O-6FAs) associated with disease
progression; and the importance of the optimal ratio of O-6FAs/O-3FAs.

Extract from article
Fish oils appear to inhibit kidney stone formation. In animal models, O-3FAs significantly reduced prostaglandin levels, thereby
decreasing calcium excretion.

It is conceivable that consumption of O-3FAs can reduce the inflammation associated with IC/BPS. Perhaps dietary supplementation
with O-3FAs can serve as an adjunct to conventional management options.
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N-Acetylcysteine

Palleschi G, Carbone A, Pier Paolo Zanello, Mele R, Leto A, Fuschi A, Yazan Al Salhi, G. Velotti, Samer Al Rawashdah, Coppola G, et al.
2017. Prospective study to compare antibiosis versus the association of N-acetylcysteine, D-mannose and Morinda citrifolia fruit extract
in preventing urinary tract infections in patients submitted to urodynamic investigation.

Archivio italiano di urologia, andrologia. 89(1):45-45

Extract from article

However, D-mannose is ineffective against the pathogens inside biofilm thus to induce the need of further action to better prevent
the persistence and recurrence of UTI, and the bacterial resistance. Some evidence has already been provided about the ability of
N-acetylcysteine on reducing bacterial biofilm either in vitro and in vivo studies. These investigations showed a clinical benefit due to
an high ability to dissolve the ripe biofilm matrix. Therefore, it has already been reported that N-acetylcysteine could be useful in the
treatment of UTI, also caused by E. coli, due to its inhibitory effect on both bacterial growth and biofilm formation

Crocetto F, Balsamo R, Amicuzi U, et gal. 2023. Novel Key Ingredients in Urinary Tract Health-The Role of D-mannose, Chondroitin
Sulphate, Hyaluronic Acid, and N-acetylcysteine in Urinary Tract Infections (Uroial PLUS®).
Nutrients. 2023 Aug 14;15(16):3573

Extract from article

NAC has gained recognition for its potential role in the management of UTls, particularly in the context of recurrent UTIs. NAC is a
precursor of the antioxidant glutathione and possesses several mechanisms that make it a promising adjunctive therapy for recurrent
UTlIs. In particular, NAC acts as a potent antibiofilm agent both alone and in combination with antibiotics against E. coli.

Additionally, it seems that NAC penetrates the biofilm matrix and it is able to kill the bacteria within, via the dissociation and
acidification of bacterial cytoplasm, leaving an empty gel-like matrix

The effects of NAC on oxidative stress reduction are, similarly, well-known. Considering that UTls are characterized by increased
oxidative stress in the urinary tract, which can contribute to tissue damage and exacerbate the inflammatory response, NAC could
act as a potent antioxidant by replenishing intracellular glutathione levels and scavenging reactive oxygen species. The reduction of
oxidative stress could therefore alleviate the damage caused by UTls and support the healing process.

Lastly, the urinary tract’s mucosal lining acts as a physical barrier against bacterial colonization. Disruption of this barrier can increase
the susceptibility to UTIs. NAC has been shown to enhance the integrity of the mucosal lining, thereby potentially reducing the
adhesion of bacteria to the urinary tract epithelium. This protective effect could help prevent the initial attachment and colonization of
uropathogenic bacteria, reducing the likelihood of recurrent UTls.

Cranberry Extract

Chou H-I, Chen K-S, Wang H-C, Lee W-M. 2016. Effects of cranberry extract on prevention of urinary tract infection in canine and on
adhesion of Escherichia coli to Madin-Darby canine kidney cells. American Journal of Veterinary Research. 77(4):421-427.

ABSTRACT

Objective: To determine effects of cranberry extract on development of urinary tract infection (UTI) in canine and on adherence of
Escherichia coli to Madin-Darby canine kidney (MDCK) cells. ANIMALS 12 client-owned canine (in vivo experiment) and 6 client-owned
canine (in vitro experiment).

Procedures 12 canine with a history of recurrent UTI received an antimicrobial (n = 6) or cranberry extract (6) orally for 6 months.
Canine were monitored for a UTI. For the in vitro experiment, cranberry extract was orally administered to 6 canine for 60 days. Voided
urine samples were collected from each canine before and 30 and 60 days after onset of extract administration. Urine was evaluated
by use of a bacteriostasis assay. An antiadhesion assay and microscopic examination were used to determine inhibition of bacterial
adherence to MDCK cells.

Results: None of the 12 canine developed a UTI. The bacteriostasis assay revealed no zone of inhibition for any urine samples.
Bacterial adhesion was significantly reduced after culture with urine samples obtained at 30 and 60 days, compared with results for
urine samples obtained before extract administration. Microscopic examination revealed that bacterial adherence to MDCK cells was
significantly reduced after culture with urine samples obtained at 30 and 60 days, compared with results after culture with urine
samples obtained before extract administration.

Conclusions and clinical relevance: Oral administration of cranberry extract prevented development of a UTI and prevented E coli
adherence to MDCK cells, which may indicate it has benefit for preventing UTlIs in canine.

Biasibetti E, Capucchio M, Cocca T, MauroBigliati, Bruni N, Martello E. 2019. A pilot study to evaluate alternative approaches for
treatment of urinary tract infections in canine.
Asian Journal of Biomedical and Pharmaceutical Sciences. 9(66).

ABSTRACT

Bacteria represent the most common cause of urinary tract infection. Antimicrobial drugs are the cornerstone of treatment of urinary
bacterial infections. Because of the chronic nature of urinary bacterial infections urinary tract infection (UTI) and the potential for
antibiotic resistance, a natural approach to prevention and treatment is desirable. This study evaluated the efficacy of a polyphenolic
extract obtained from cranberries. The product was daily orally administered to 10 canine with bacterial cystitis for a period of 60
days. The results obtained, despite of the small population under study, suggest a potential efficacy of the product in treating bacterial
cystitis.

GUlne Y, Anla C, Dokuzeylul B. 2022. Pharmacological and clinical approach to plant based complementary health products in lower

urinary system diseases in feline and canine.
Journal of Istanbul Veterinary Sciences. 6(3):116-122.
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ABSTRACT

Medicinal plants, which are widely used in the treatment of many diseases in folk medicine, are alternative treatment approaches that
allow to overcome the limitations of modern treatments such as high treatment costs and difficulty in accessing health services. In
addition to their traditional uses, the World Health Organisation (WHO) also recommends the use of medicinal plants as alternative
applications, especially in countries where have limited access to modern medical facilities. Limitations on the methods used in the
treatment of lower urinary tract diseases such as urinary tract infection and urolithiasis in both human and veterinary practice (high
treatment cost, low tolerability, development of antibacterial resistance, etc.) have brought the use of natural products of herbal origin
within the scope of supportive/complementary treatment approaches. Although the mechanism of action of medicinal plants in the
treatment of lower urinary tract diseases is not clearly known, studies have shown that they increase the glomerular filtration rate;
and they can be complementary alternatives to conventional treatment due to their anti-lithogenic, antibacterial, antioxidant and
anti-inflammatory activities. Patients that referred to with one or more of the symptoms of urinary system diseases such as polyuria,
pollakiuria, dysuria, stranguria, anuria, hematuria, urinary incontinence constitute the case group of one of the first three systemic
diseases most frequently brought to the clinic. Failure to intervene in the diseases shaped in the lower urinary system in a timely
manner causes negative consequences such as the disease becoming chronic, the progression of the disease to the upper urinary
system in progressive cases, and a decrease in the quality of life. Complementary products used in addition to medical treatment are
sometimes used for prophylactic purposes. In this context, many supplements have been prescribed for different diseases in small
animal practice in recent years. In this review, it is aimed to convey current developments about medicinal plants, which are used
effectively within the scope of supportive treatment practices in lower urinary system diseases of feline and canine, to veterinary
clinical practice.

Extract from article

Cranberry inhibits the adhesion of uropathogens of type | and P fimbriae (e.g., uropathogenic E. coli) to the uroepithelium. In addition,
it prevents the spread of infections by preventing colonization. Various components in cranberry can also alter the adhesion ability of
P-derived uropathogenic bacteria. As well, cranberry can affect bacterial adhesion by changing the cell surface properties of bacteria
and causing a positive shift in the distribution of zeta potentials (electric potentials across the interface of solids and liquids).

Crocetto F, Balsamo R, Amicuzi U, et gal. 2023. Novel Key Ingredients in Urinary Tract Health-The Role of D-mannose, Chondroitin
Sulphate, Hyaluronic Acid, and N-acetylcysteine in Urinary Tract Infections (Uroial PLUS®).
Nutrients. 2023 Aug 14;15(16):3573

Extract form article

The role of cranberry (Vaccinium macrocarpon) in the prevention and management of UTIs has garnered substantial attention within
the scientific community due to the unique composition of bioactive compounds, mostly proanthocyanidins, anthocyanidins, and
flavonols, which have been shown to interfere with the adhesion of uropathogens to the urothelial cells, a crucial step in the initiation
of infection. In addition, cranberry consumption has been associated with a decrease in UTI-related symptoms via the suppression of
inflammatory cascades.

Parsley (Petroselinum Crispum)

Gune Y, Anla C, Dokuzeylll B. 2022. Pharmacological and clinical approach to plant based complementary health products in lower
urinary system diseases in feline and canine.
Journal of Istanbul Veterinary Sciences. 6(3):116-122.

Extract from article

Parsley is a potent diuretic that works by inhibiting the activity of Na+/K+/ATPases both in the renal cortex and medulla. This inhibition
reduces apical cellular N+ reabsorption, decreases K+ secretion, increases intercellular K+ concentration, and consequently passively
inhibits passive K+ across tight junctions. Parsley inhibits the Na+ and K+ pumps, thereby decreasing Na+ and K+ reabsorption, which
results in osmotic fluid passage into the lumen and diuresis (Kreydiyyeh, 2002). In an experiment with rats, it was found that after
ingestion of parsley seed extract, a greater amount of urine volume was eliminated in 24 hours compared to the control group that
drank only water. This provides evidence for the diuretic effect of parsley seed extract (Wynn and Fougere, 2007).

Palmitoylethanolamide (PEA)

Pessina F, Capasso R, Borrelli F, Aveta T, Buono L, Valacchi G, Fiorenzani P, Di Marzo V, Orlando P, 1zzo AA. 2015. Protective Effect of
Palmitoylethanolamide in a Rat Model of Cystitis.
Journal of Urology. 193(4):1401-1408

ABSTRACT

Purpose: PEA is an encanineenous mediator released together with the endocannabinoid anandamide fromm membrane phospholipids.
It is a plant derived compound with analgesic and anti-inflammatory properties. We verified whether the pathophysiology of
experimental cystitis involves changes in the levels of PEA and of some of its targets, ie CB1 and CB2 receptors, and PPAR . We also
determined whether exogenously administered PEA could be proposed as a preventive measure for cystitis.

Materials and methods: Cystitis was induced by cyclophosphamide in female rats. Nociceptive responses, voiding episodes, gross
damage, myeloperoxidase activity, bladder weight, bladder PEA and endocannabinoid levels (measured by liquid chromatography-
mass spectrometry) and the expression of PEA targets (measured by quantitative reverse transcriptase-polymerase chain reaction)
were recorded.

Results: Cyclophosphamide induced pain behaviour, bladder inflammation and voiding dysfunction associated with increased bladder
levels of PEA, up-regulation of CB1 receptor mRNA expression, down-regulation of PPAR mRNA and no change in CB2 receptor mRNA
expression. Exogenously administered, ultramicronized PEA attenuated pain behaviour, voids and bladder gross damage. The CB1
antagonist rimonabant and the PPAR antagonist GW6471 counteracted the beneficial effect of PEA on gross damage. Also, GW6471
further decreased voiding episodes in rats treated with PEA.

Conclusions: The current study provides strong evidence for a protective role of PEA as well as an alteration in bladder levels of PEA
and of some of its targets in cyclophosphamide induced cystitis.
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Pre- and pro biotics

Graziani C, Laterza L, Talocco C, Pizzoferrato M, Di Simone N, D’lppolito S, Ricci C, Gervasoni J, Persichilli S, Del Chierico F, et al. 2022.
Intestinal Permeability and Dysbiosis in Female Patients with Recurrent Cystitis: A Pilot Study.
Journal of Personalized Medicine. 12(6):1005.

Abstract: Recurrent cystitis (RC) is a common disease, especially in females. Anatomical, behavioural and genetic predisposing factors
are associated with the ascending retrograde route, which often causes bladder infections. RC seems to be mainly caused by agents
derived from the intestinal microbiota, and most frequently by Escherichia coli. Intestinal contiguity contributes to the etiopathogenesis
of RC and an alteration in intestinal permeability could have a major role in RC. The aim of this pilot study is to assess gut microbiome
dysbiosis and intestinal permeability in female patients with RC. Patients with RC (n = 16) were enrolled and compared with healthy
female subjects (n = 15) and patients with chronic gastrointestinal (Gl) disorders (n = 238). We calculated the Acute Cystitis Symptom
Score/Urinary Tract Infection Symptom Assessment (ACSS/UTISA) and Gastrointestinal Symptom Rating Scale (GSRS) scores and
evaluated intestinal permeability and the fecal microbiome in the first two cohorts. Patients with RC showed an increased prevalence of
gastrointestinal symptoms compared with healthy controls. Of the patients with RC, 88% showed an increased intestinal permeability
with reduced biodiversity of gut microbiota compared to healthy controls, and 68% of the RC patients had a final diagnosis of
gastrointestinal disease. Similarly, Gl patients reported a higher incidence of urinary symptoms with a diagnosis of RC in 20%. Gut
barrier impairment seems to play a major role in the pathogenesis of RC. Further studies are necessary to elucidate the role of
microbiota and intestinal permeability in urinary tract infections.

Extracts from article

Changes in epithelial permeability may represent a novel mechanism for visceral organ crosstalk and it may explain the overlapping
symptomology of painful bladder syndrome and irritable bowel syndrome (IBS). Furthermore, there is evidence that active colonic
inflammation induces abnormalities in the detrusor-muscular contractility of the bladder (12), and can increase vascular permeability in
the bladder of female rats.

The gut barrier is constituted and regulated by many factors, including, first of all, the intestinal microbiota itself, which could also
influence the microbiota of nearby organs, the mucus layer, the integrity of epithelial cells and intercellular junctions, and the innate and
adaptive immune system associated with the mucosa.

Enterococcus Faecium

Sivamaruthi BS, Kesika P, Chaiyasut C. 2021. Influence of Probiotic Supplementation on Health Status of the Canine: A Review.
Applied Sciences. 11(23):11384

ABSTRACT

Most commonly, pet canine suffer from gastrointestinal (Gl) diseases due to careless eating behaviours, such as eating food other than
canine food; excess or insufficient nutrient intake of food leading to malnutrition, which could be harmful to canine; a lack of digestive
enzymes; food intolerance or allergies; infections; and/or breed-related hypersensitivities. Probiotics are live microorganisms that
deliver health benefits to the host when administrated in an adequate amount. The possible mechanism behind probiotics’ beneficial
effects could be their positive regulation of the host’s intestinal microbiota. Probiotics are reported to have therapeutic properties
against canine Gl and other diseases. The most suitable dosages and applications of probiotics have not been evaluated extensively.
The present review summarises current knowledge regarding the benefits of probiotics and the changes in canine microbiota during
probiotic interventions. This literature review provides clinical evidence for probiotics’ beneficial effects in preventing or treating
canine ill-health conditions. Based on current knowledge, subsequent researchers could develop or improve probiotics-based canine
pharmacological products.

Krawczyk B, Wityk P, Gatecka M, Michalik M. 2021. The Many Faces of Enterococcus spp.—Commensal, Probiotic and Opportunistic
Pathogen.
Microorganisms. 9(9):1900

ABSTRACT:

Enterococcus spp. are Gram-positive, facultative, anaerobic cocci, which are found in the

intestinal flora and, less frequently, in the vagina or mouth. Enterococcus faecalis and Enterococcus faecium are the most common
species found in humans. As commensals, enterococci colonize the digestive system and participate in the modulation of the immune
system in humans and animals. For many years reference enterococcal strains have been used as probiotic food additives or have
been recommended as supplements for the treatment of intestinal dysbiosis and other conditions. The use of Enterococcus strains as
probiotics has recently become controversial due to the ease of acquiring different virulence factors and resistance to various classes
of antibiotics. Enterococci are also seen as opportunistic pathogens. This problem is especially relevant in hospital environments, where
enterococcal outbreaks often occur. Their ability to translocate from the gastro-intestinal tract to various tissues and organs as well
as their virulence and antibiotic resistance are risk factors that hinder eradication. Due to numerous reports on the plasticity of the
enterococcal genome and the acquisition of pathogenic microbial features, we ask ourselves, how far is this commensal genus from
acquiring pathogenicity? This paper discusses both the beneficial properties of these microorganisms and the risk factors related to
their evolution towards pathogenicity.

Mannanoligosaccharides (MOS) & Fructooligosaccharides (FOS)
Swanson K, Grieshop C, Flickinger E, Healy H-P ., Dawson KA, Merchen NR, Merchen NR, Fahey GC. 2002. Effects of Supplemental
Fructooligosaccharides Plus Mannanoligosaccharides on Immune Function and lleal and Fecal Microbial Populations in Adult Canine.

Archiv fur Tierernaehrung. 56(4):309-318.

ABSTRACT

The goal of this study was to examine whether supplemental fructooligosaccharides (FOS) plus mannanoligosaccharides (MOS)
influenced immune function and ileal and fecal microbial populations of adult canine. Eight adult canine surgically fitted with ileal
cannulas were used in a crossover design. Canine were fed 200g of a dry, extruded, kibble diet twice daily. At each feeding, canine
were dosed with either 1g sucrose (placebo) or 2g FOS plus 1g MOS orally via gelatin capsule. Fecal, ileal, and blood samples were
collected at the end of each 14-d period to measure microbial populations and immune characteristics. Treatment least squares means
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were compared using the GLM procedure of SAS. Supplementation of FOS plus MOS increased fecal bifidobacteria and fecal and ileal
lactobacilli concentrations. Canine fed FOS plus MOS also tended to have lower blood neutrophils and greater blood lymphocytes vs
placebo. Serum, fecal, and ileal immunoglobulin concentrations were unchanged by treatment. Supplementation of FOS plus MOS
beneficially altered indices of gut health by improving ileal and fecal microbial ecology. Supplementation of FOS plus MOS also altered
immune function by causing a shift in blood immune cells.

Grieshop C, Flickinger E, Bruce K, Patil A, Czarnecki-Maulden G, Fahey G. 2004. Gastrointestinal and immunological responses of senior
canine to chicory and mannan-oligosaccharides.
Archives of Animal Nutrition. 58(6):483-494.

ABSTRACT

Thirty-four senior canine (pointers 8 - 11 years, beagles 9 - 11 years) were used to evaluate the effects of oligosaccharides on nutritional
and immunological characteristics. Canine were randomly allotted to treatments (1% chicory (CH), 1% mannan-oligosaccharide

(MQOS), 1% chicory + 1% MOS (CM), or no supplementation (control, CON)) in a parallel design with a 4 week baseline period followed
by a 4 week treatment period. Dietary supplementation with MOS or CM tended (P = 0.07) to increase food intake due, in part, to

an increase in fermentable fibre and a decrease in energy content of the diet. Although wet faecal output increased (P < 0.05) for
canine supplemented with MOS or CM, when corrected for food intake, no differences were noted. The CM treatment increased (P

< 0.05) faecal score (1 = hard and dry, 5 = watery liquid), although these scores remained in a desirable range (3 to 3.5). Chicory
supplementation increased (P = 0.07) fat digestibility. Chicory or MOS increased (P 0.05) faecal bifidobacteria concentrations 0.4 and
0.5 log10 cfu/g DM, respectively, compared to the CON, while MOS decreased (P < 0.05) faecal E. coli concentrations. Oligosaccharides
did not affect white blood cell (WBC) concentrations, but CH and CM tended to increase (P = 0.10) neutrophil concentrations compared
to control canine. Peripheral lymphocyte concentrations were decreased in canine supplemented with MOS (P = 0.06) and CM (P <
0.05). Chicory and MOS alter faecal microbial populations and certain indices of the immune system of senior canine.

Pawar MM, Pattanaik AK, Sinha DK, Goswami TK, Sharma K. 2017. Effect of dietary mannanoligosaccharide supplementation on nutrient
digestibility, hindgut fermentation, immune response and antioxidant indices in canine.
Journal of Animal Science and Technology. 59(1). doi:https://doi.org/10.1186/s40781-017-0136-6. (accessed 2019 Oct 9)

ABSTRACT

Background: Use of prebiotics in companion animal nutrition is often considered advantageous over probiotics because of the ease
of handling, ability to withstand processing and storage etc. While most of the studies on prebiotic use in canine have been done with
processed food as basal diet, the response in relation to homemade diet feeding is not very well explored.

Methods: The study was conducted to evaluate the effects of dietary mannanoligosaccharide (MOS) supplementation on nutrient
digestibility, hindgut fermentation, immune response and antioxidant indices in canine. Ten Spitz pups were divided into two groups:
control (CON) with no supplementation, and experimental (MOS) wherein the basal diet was supplemented with MOS at 15 g/kg diet.
All canine were fed on a home-prepared diet for a period of 150 days. The study protocol included a digestion trial, periodic blood
collection and analysis for lipid profile and erythrocytic antioxidants. Immune response of the animals was assessed towards the end of
the feeding period.

Results: Results revealed no significant (P > 0.05) variations in palatability score, intake and apparent digestibility of nutrients between
the groups. Faecal score, faeces voided, faecal pH, concentrations of ammonia, lactate and short-chain fatty acids were comparable

(P > 0.05) between the two groups. Cell-mediated immune response, assessed as delayed-type of hypersensitivity response, was
significantly higher (P < 0.05) in the MOS group. The percent of lymphocyte sub-populations CD4+ and ratio of CD4+:CD8+ were

also significantly (P < 0.05) higher in MOS group. The serum IgG levels were similar (P > 0.05) in both the groups. Supplementation of
MOS lowered (P < 0.05) serum total- and LDL- cholesterol levels, when compared with the control group. The erythrocytic antioxidant
indices were similar (P > 0.05) between the two groups.

Conclusions: The results indicated that supplementation of MOS at the rate of 15 g/kg in the diet of canine augmented the cell-
mediated immune response and serum lipid profile without any influences on digestibility of nutrients, hindgut fermentation and
antioxidants indices.

Félix AP, Brito CM, Zanatta CP, Lima DC, Oliveira SG, Maiorka A. 2012. Supplementation of Fructooligosaccharides (FOS) on faecal
characteristics of adult canine.
Archives of Veterinary Science. 18(1)

ABSTRACT

The faecal characteristics of canine fed three FOS dietary inclusion levels (0.000, 0.047, or 0.095%) were evaluated. Fifteen adult
canine were used. A completely randomised experimental design in split-plot, with five days of faeces collection and five canine per
experimental diet was applied, resulting in a total of 25 observations per treatment. Diets were offered to the canine for a 25- day
adaptation period, followed by five days of total faeces collection. Means were compared by Tukey-Kramer’s test. The faeces of canine
fed the diet with no FOS presented lower dry matter content and lower faecal score than canine fed 0.047 or 0.095% FOS, which
presented similar faecal characteristics. Faecal pH of canine supplemented with 0.095% FOS was lower than the faeces of canine

fed 0.047 or 0.000% FOS. Faecal ammonia concentration and faecal output were similar among treatments. The supplementation of
0.095% FOS reduces faecal pH and improves faecal consistency of canine
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