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Abstract:

Oxidative stress plays a key role in the pathogenesis of liver diseases and can be
involved in the inflammatory process of liver cells. The aim of this vitro study is to
assess the antioxidant efficacy of three distinct components (fermented S-Acetyl -L-
glutathione, Silybum marianum (L.) Gaern. and vitamin E all-rac-alpha-tocopheryl
acetate) both individually and in combination (Glutasyl product). In addition, we also
evaluated the combined antioxidant effect of the three ingredients on human hepatic
cells subjected to oxidative stress induced by H,0, treatment.

The results showed the dose-dependent antioxidant potential of the three
components suggesting promising applications in medical contexts. The synergistic
antioxidant effects observed for the Glutasyl was more than the individual
components. Additionally, Glutasyl showed not-toxic activity on human hepatocytes
and it could be considered useful in mitigating cytotoxicity induced by oxidative stress.
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INTRODUCTION

The liver performs several important functions,
including nutrient metabolization, detoxification, and a
role in regulating the endogenous antioxidant status
[1.2].

Liver disorders are quite commonly reported in
companion animals (i.e. dogs, cats) and they can be
caused by different factors, including infection,
exposure to toxic substances (i.e. some drugs),
unhealthy diet, and obesity [3, 4].

In general, “oxidative stress” refers to a state in which
the balance of oxidants/antioxidants (redox balance) is
in favor of oxidants involved in the reactive oxygen
species (ROS)[5, 6]. It is common when individuals are
in an inflammatory state produced by different
conditions such as cardiovascular and gastrointestinal
diseases [7] and immune dysfunctions [8]. It has been
proved that ROS can play a key role in the
pathogenesis of liver disease[9,10Jand can further
damage cells involved in the inflammatory process[5,8].

In general, animal and human cells have various
endogenous antioxidant systems to protect themselves
from oxidative damage caused by free radicals and
ROS [8]. Some of these systems consist of the
presence of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) in the cells [8]. These exogenous
antioxidants are the substances that can improve the
endogenous antioxidant system and balance the
cellular oxidative status by scavenging free radicals.
The potentially protective role of natural antioxidants in
different diseases has been documented in humans
and pets [11,8].

In particular, S-Acetyl -L-glutathione, a yeast product
produced by the fermentation process of
Saccharomyces cerevisiae (fermented S-Acetyl -L-
glutathione) as reported in the regulation EU 11/204
(2022)[12], is an important endogenous antioxidant
found in different humancells [9,13]. It is involved in the
elimination of toxic compounds that can accumulate
inside cells and can help modulating the inflammatory
response to fight infection and disease [9,14]. SAG is
also a potential hepatoprotective agent preventing
oxidative liver damage in dogs [2].

Another compound with hepatoprotective function
combined with antioxidant effects is Silybum marianum
[2, 4, 15]. Silybum marianum(L.) Gaern., commonly

known as Milk Thistle, contains silymarin, which is
composed of the multiple flavanolignans including the
most active constituent, Silybin [2,4,16]. The potential
benefits of this ingredient on both human and
veterinary studies has been extensively documented.
This includes a wide range of positive effects, such as

immunomodaulation, anti-inflammatory properties,
regenerative capabilities, antifibrotic actions,
antioxidant  activity,  choleretic  effects, and

hepatoprotective qualities [2, 4, 16-18].

Finally, Vitamin E exhibits a robust antioxidant effect,
shielding cells from oxidative damage induced by free
radicals [5]. By doing so, it plays a crucial role in
preserving the integrity of cell membranes and interacts
with the immune system, regulating its response. It is
imperative to  acknowledge that vitamin E
supplementation holds significance in managing
oxidative stress. Numerous studies, such as those
conducted by Schlieck [19], indicate that vitamin E
supplementation may contribute to the reduction of
oxidative stress in dogs.

Two recent in vivo studies tested a new supplement
containing S-acetyl-glutathione (SAG), silybin, and
other antioxidant ingredients such as vitamin E, in
healthy dogs and in dogs affected by liver disease
[20,2]. The first study, showed the sinergic effect of all
the ingredients present in the supplement with an
increase in glutathione peroxidase (Gpx) levels in
healthy dogs [20]. While in the second study, it was
showed an hepatoprotective effect and a significant
increase in erythrocyte GSH levels in dogs with liver
disease [2].

The primary objective of this study is to assess the
antioxidant efficacy on hepatic cells of three distinct
components—namely, fermented  S-Acetyl -L-
glutathione, Silybum marianum (L.) Gaern. and Vitamin
E (all-rac-alpha-tocopheryl acetate)—both individually
and in combination (Glutasyl product). In parallel, the
secondary objective aims to evaluate the combined
antioxidant impact of these three ingredients on human
hepatic cells subjected to oxidative stress induced by
H,O, treatment.

MATERIAL AND METHODS

The active part of the Glutamax advance (CandioliSrl)
product, defined as Glutasyl, is composed of three

antioxidant ingredients and Maltodextrin at the
following percentages: fermented S-Acetyl-L-
glutathione 1.05%, Vitamin E 0.05%, Silybum
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marianum 0.5%, Maltodextrin 98.4%. These are the
minimal percentages which may vary depending on the
dosage and weight of the single animal target species,
but it is guaranteed as a minimum dosage of 28.2 mg
of S-Acetyl-L-glutathione and 4 mg of Silybin every 15
kg of animal body weight. Glutasyl is used in the
treatment of peptic ulcer, gastro esophageal reflux
disease and symptomatic treatment of chronic and
acute heartburn. In this study, each of the ingredient,
first individually and then the whole Glutasyl product
were tested for their antioxidant proprieties using a
standard[2,2’-azinobis-(3-ethylbenzothiazoline-6-
sulfonate) Assay (ABTS). Then, the cytoprotective
effect of Glutasyl was tested on human hepatic cells
under oxidative stress. Here we describe the two
experiments conducted in this study.

Antioxidant
Components

Capacity of Glutasyl and its

The stock solution of the product fermented S-Acetyl -
L-glutathione was prepared at a concentration of 100
mg/mL in distilled water; the stock solutions of both the
products Silybum marianum (L.) Gaern. and vitamin E
(all-rac-alpha-tocopheryl acetate) were prepared in
Dimethyl Sulfoxide (DMSO) at the highest possible
concentration: 5 and 1 mg/mL, respectively.

For each of the three ingredients, colorimetric reactions
were carried out in a final volume of 200 pLwhich
included sodium acetate buffer (50 mM)at pH 4.5,
ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) at 1.5 mM; HRP (Horseradish Peroxidase) at 2.5
MM and H,O, at 10 uM. The products were tested at
the following final concentrations (mg/mL): fermented
S-Acetyl -L-glutathione = 10 - 5 - 2.5 - 1.25 - 0.625;
Silybum marianum (L.) Gaern. = 0.5 - 0.25 - 0.125 -
0.063 - 0.031; Vitamin E(all-rac-alpha-tocopheryl
acetate) = 0.1 - 0.05 - 0.025 - 0.013 - 0.0063.

Samples of five different concentrations were added
first to a mixture containing the sodium acetate buffer,
ABTS and HRP, in the wells of a 96 multi well plate,
and the initial absorbance was measured at 415 nm.
Then, at the end of the first reading, the solution
containing H,O, was added to each well, and the plate
was incubated at room temperature, in the absence of
light, for 5 minutes. At the end of the incubation period,
the absorbance at 415 nm was read for each sample
tested. The difference between the final and the initial
absorbance is considered as inversely proportional to
the antioxidant power of the compound used.

The antioxidant capacity of the products under test was
calculated on the basis of a calibration line made with
increasing concentrations of the standard antioxidant
compound,  6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox). This was done to assess the
Trolox equivalent antioxidant capacity (TEAC), and
data are reported as nanomole equivalents of Trolox.

Antioxidant Effect on Hepatic Cells under Oxidative
Stress Treated with Glutasyl

Cell Lines and Culture Conditions

This experiment was conducted on a line of human
liver cells, specifically hepatocellular carcinoma cells
(Hep G2). The cells were cultured at 37 °C, 5% CO, in
Minimum Essential Medium (MEM) supplemented with
1% L-Glutamine and 10% fetal bovine serum (FBS).

Preparation of the Tested Product

Glutasyl, was dissolved in DMSO at a concentration of
2.4 mg/ml, and subsequently diluted in culture medium
for cell treatments. For the first test (cytotoxicity test),
10 scalar concentrations of the same product were
used (ug/ml): 24-12-6-3-15-0.75-0.375-0.19 -
0.095 - 0.05. Dilutions were selected based on a
theoretical prediction of blood concentrations after oral
administration at the therapeutic dose.

Cytotoxicity Test

In order to identify the maximum non-toxic dose
suitable for conducting the bioactivity test, the following
experiment was conducted.

The first day, Hep G2 cells were seeded in 96-well
multiwell plates at a density of 10* cells/well in growth
medium supplemented with 10% FBS. The following
day, the medium was removed and replaced with 100
pL of complete medium supplemented with 1% FBS,
and treatment with Glutasyl was performed on the
cells. Specifically, cells were treated with 10 scalar
concentrations of the tested product, obtained through
1:2 serial dilutions to determine the non-toxic
doses.Sodium dodecyl sulfate (SDS) at a concentration
of 1 mg/ml was used as a positive control (TOX).

Cells were incubated for 24 hours at 37°C and 5%
CO,. The following day, the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) reagent was
added to each well at a final concentration of 0.5
mg/ml, and the plate was incubated for an additional 2
hours at 37°C and 5% CO,. After this incubation
period, reduced MTT crystals were solubilized by
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removing the medium and adding 100 pL of DMSO to
each well. The absorbance at 595 nm for each sample
was then measured using the Infinite ® M NANO+
plate reader (Tecan). Cell activity was expressed as a
percentage of the absorbance at 595 nm of untreated
cells (NT).

Cytoprotection from Oxidative Stress Test

To determine the cytoprotective effects of Glutasyl on
hepatic cells under stress, the following experiment
was conducted.

Hep G2 cells were seeded in 96-well multi well plates
at a density of 10* cells/well in growth medium
supplemented with 10% FBS for 24 hours. Then, prior
to the oxidative-stress induction, the cells were pre-
incubated with three non-toxic concentrations of
Glutasyl, in order to assess its protective effect. For this
purpose, the medium was removed and replaced with
100 pL of complete medium supplemented with 1%
FBS, and the cells were treated with Glutasyl at the
concentrations selected from the previous cytotoxicity
test (concentrations achieving at least 80% cell
viability). Specifically, three 1:2 serial dilutions (0,024 —
0,012 — 0,006 mg/ml) of Glutasyl were selected, the
cells were treated and such treatment was kept for 20
hours at 37°C and 5% CO,. To induce an in vitro model
for oxidative stress, following the Glutasyl pre-
incubation HepG2 cells were treated with H,O, at a
concentration of 15 mM for 4 hours. At the end of the 4-
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hour period, the MTT reagent was added to each well
at a final concentration of 0.5 mg/ml, and the plate was
incubated for an additional 2 hours at 37°C and 5%
CO2. After this incubation period, reduced MTT
crystals were solubilized by removing the medium and
adding 100 pL of DMSO to each well.

The absorbance at 595 nm of each sample was then
measured using an Infinite ® M NANO+ plate reader
(Tecan). Cell activity was expressed as a percentage of
the absorbance at 595 nm of untreated cells (NT). Data
were statistically analyzed with the software Graphpad
Prism 10, through one-way ANOVA followed by
Dunnet’'s post-test (vs the oxidative stress control
group, H,0,).

RESULTS AND DISCUSSION

Antioxidant
Components

Capacity of Glutasyl and its

Given the different buffer solubility of the three tested
ingredients (fermented S-Acetyl -L-glutathione, Silybum
marianum (L.) Gaern and Vitamin E (all-rac-alpha-
tocopheryl acetate)), we decided to use five different
concentrations, starting with the first available
concentration according to the degree of solubilization
of the single ingredient and performing 4 successive
1:2 scalar dilutions. According to the data shown in
Figure 1 all the ingredients tested individually have a
concentration-dependent antioxidant power. In fact,

. 'TEEE mﬁﬁ%

10.00 5.00 2.50 1.25 0.63 0.10 0.05 0.03 0.01 0.01 0.50 0.25 0.13 0.06 0.03 10.005.00 2.50 1.25 0.63

Fermented S-acetyl-L-
tocopheryl acetate)

(mg/mL)

glutathione (mg/mL)

Vitamin E (all-rac-alpha-

Silybummarianum(L.) Glutasyl
Gaern. ( L)
m
(mg/mL) o/m

Concentration mg/ml

Figure 1: Trolox equivalent antioxidant capacity (TEAC) for each ingredient (fermented S-Acetyl -L-glutathione, Silybum
marianum (L.) Gaemn.and vitamin E (all-rac-alpha-tocopheryl acetate) at different concentrations tested individually and

together.



Journal of Pharmacy and Nutrition Sciences, 2024, Volume 14

decreasing the concentration of the tested product also
decreases the antioxidant power.

Specifically, fermented S-Acetyl -L-glutathione being
the most soluble component was tested at much higher
concentrations than the other two components and
showed higher antioxidant power [7,9]. Despite that, at
the lowest concentration (0.625 mg/ml) its activity is
comparable to the first concentration of the tested
Silybum marianum (L.) Gaern. (0.5 mg/ml) [14].

Vitamin E(all-rac-alpha-tocopheryl acetate) appears to
be the component with the lowest antioxidant activity
when compared to the other two constituents tested in
this experiment. However, the first available
concentration of this vitamin is very low (0.1 mg/ml).
Moreover, the antioxidant activity at 0.1 mg/ml of the
Vitamin E(all-rac-alpha-tocopheryl acetate) is similar to
the antioxidant activity at 0.13 mg/ml of Silybum
marianum(L.) Gaern.
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Finally, the graph shows a strong synergic antioxidant
effect of the three ingredients when combined together
at any of the five tested concentrations. This result is
promising as the Glutasyl complex can be a valid
support for counteracting oxidative stress when used
alone or as part of a feed supplement.

The in vitro test data reveals that all three components
exhibit antioxidant potency at the tested concentrations
, with the exception of concentrations below 0.01
mg/ml, and this effect is dose-dependent. Fermented
S-Acetyl  -L-glutathione  demonstrates  superior
antioxidant potency, albeit being tested at higher
concentrations compared to the other two components.
Conversely, Vitamin E(all-rac-alpha-tocopheryl acetate)
appears to have lower antioxidant potency due to its
limited solubility concentration. Silybum marianum(L.)
Gaern. displays intermediate antioxidant potency at the
tested concentrations. At 0.1 mg/ml, Vitamin E(all-rac-

0,19 0,09 0,05

0,75 0,375

Figure 2: Cell activity test results. NT-not treated cells, TOX-1mg/mLSDS solution.
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Figure 3: Cytoprotection from oxidative stress test.
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Table 1: Raw data for Cytotoxicity Test
NT TOX 24 12 6 3 1.5 0.75 0.375 0.19 0.09 0.05
O.D. 0.602 0.211 0.589 0.624 0.814 0.632 0.643 0.602 0.602 0.668 0.641 0.620
0.621 0.210 0.584 0.630 0.641 0.674 0.667 0.651 0.621 0.703 0.670 0.658
0.804 0.209 0.602 0.700 0.621 0.655 0.679 0.632 0.642 0.662 0.701 0.700

Table 2: Raw data for Cytoprotection from Oxidative Stress Test

NT H,0, H.0, +Glutasyl 24 pg/ml H.0, +Glutasyl 12 pg/ml H.0, +Glutasyl 6 ug/ml
O.D. 0.679 0.538 0.532 0.626 0.617
0.724 0.510 0.575 0.638 0.623
0.749 0.443 0.581 0.599 0.638
0.689 0.487 0.579 0.616 0.619

alpha-tocopheryl acetate) and Silybum marianum(L.)
Gaern. exhibit similar antioxidant action, net of
variability. Similarly, fermented S-Acetyl -L-glutathione
and Silybum marianum(L.) Gaern. at the concentration
of 0.5 mg/ml show comparable antioxidant effects.
Considering the dose-dependent trends, it can be
inferred that at the concentration of 0.1 mg/ml, the
three tested compounds may have similar antioxidant
actions. When the three ingredients were evaluated
collectively in the form of Glutasyl, their antioxidant
capability reached its peak at concentrations of 10
mg/ml and 5 mg/ml, surpassing the individual
components. Although the antioxidant effectiveness
diminished at other concentrations, the combined
formulation retained the highest overall value
compared to the individual components in terms of
Trolox equivalent antioxidant capacity (TEAC) (Figure
1).

Antioxidant Effect of Glutasyl on Hepatic Cells
under Oxidative Stress

Cell Activity Test

The cell viability test was conducted to identify non-
toxic in vitro concentrations for use in the subsequent
bioactivity test (Table 1). Hep G2 cells were treated
with 10 scalar concentrations of Glutasyl, and cell
activity was analyzed 24 hours post-treatment. The
experiment included a negative control of untreated
cells and a toxicity control (SDS 1%). The results of the
test are shown in Figure 1.

Cytoprotection from Oxidative Stress Test Results

The cytoprotection test was conducted to analyze the
product's ability to reverse/reduce cell death induced

by oxidative stress (Table 2). The results of the test are
shown in Figure 2. As it can be observed from the
graph, as expected, the treatment with H,O, induced a
significant reduction in cell viability, this is indicative of
the induction of oxidative stress leading to
suffering/death of liver cells compared to untreated
cells (NT). In addition, when the cells are treated with
Glutasyl, cell viability is partially rescued, and this effect
is significant for every concentration tested (0,024 —
0,012 and 0,006 mg/ml; p < 0,005). Thus, Glutasyl is
able to alleviate the cytotoxicity induced by oxidative
stress in human liver cells.

CONCLUSION

In summary, our in vitro study underscores the dose-
dependent antioxidant potential of fermented S-Acetyl -
L-glutathione, Silybum marianum (L.) Gaern. and
Vitamin E (all-rac-alpha-tocopheryl acetate),
suggesting promising applications in medical contexts.
The synergistic antioxidant effects observed in Glutasyl
surpass individual components, presenting a potential
therapeutic avenue. Additionally, the non-toxic profile of
Glutasyl on human hepatocytes presents a promising
outlook for medical interventions, extending to
veterinary application. This is especially noteworthy in
mitigating cytotoxicity induced by oxidative stress.

CONFLICT OF INTEREST

One of the authors is employee of the Candioli Pharma
S.r.l. Two of the authors are scientific consultants for
the Candioli Pharma S.r.l. Candioli Pharma S.r.l is a
company that may be affected by the research
reported.



Journal of Pharmacy and Nutrition Sciences, 2024, Volume 14

REFERENCES

1

(2

(3]

4

(5]

6l

[

(8]

&l

[10]

(1]

Casas-Grajales S, Muriel P. Antioxidants in Liver Health.
World J Gastrointest Pharmacol Ther 2015; 6(3): 59-72.
https://doi.org/10.4292/wjgpt.v6.i3.59

Martello E, Perondi F, Bisanzio D, Lippi |, Meineri G, Gabriele
V. Antioxidant Effect of a Dietary Supplement Containing
Fermentative S-Acetyl-Glutathione and Silybum marianum in
Dogs with Liver Disease. Vet Sci 2023; 10: 131.
https://doi.org/10.3390/vetsci10020131

Hughes D, King LG. The diagnosis and management of
acute liver failure in dogs and cats. The Veterinary clinics of
North America. Small Animal Practice 1995; 25(2): 437-460.
https://doi.org/10.1016/s0195-5616(95)50036-1

Marchegiani A, Fruganti A, Gavazza A, Mangiaterra S,
Candellone A, Fusi E, Rossi G, Cerquetella M. Evidences on
Molecules Most Frequently Included in Canine and Feline
Complementary Feed to Support Liver Function. Vet Med Int
2020; 9185759.

https://doi.org/10.1155/2020/9185759

Miyazawa T, Burdeos GC, ltaya M, Nakagawa K, Miyazawa
T. Vitamin E: Regulatory Redox Interactions. IUBMB Life
2019; 71(4): 430-441.

https://doi.org/10.1002/iub.2008

McMichael MA. Oxidative stress, antioxidants, and
assessment of oxi- dative stress in dogs and cats. J Am Vet
Med Assoc 2007; 231: 714-720.
https://doi.org/10.2460/javma.231.5.714

Bhattacharyya A, Chattopadhyay R, Mitra S, Crowe SE.
Oxidative Stress: An Essential Factor in the Pathogenesis of
Gastrointestinal Mucosal Diseases 2014; 94(2): 329-354.
https://doi.org/10.1152/physrev.00040.2012

Fan Z, Bian Z, Huang H, Liu T, Ren R, Chen X, Zhang X,
Wang Y, Deng B, & Zhang L. Dietary Strategies for Relieving
Stress in Pet Dogs and Cats Antiox 2023; 12(3): 545.
https://doi.org/10.3390/antiox12030545

Di Paola R, Modafferi S, Siracusa R, Cordaro M, D’Amico R,
Ontario ML, Interdonato L, Salinaro AT, Fusco R, Impellizzeri
D, et al. S-Acetyl-Glutathione Attenuates Carbon
Tetrachloride-Induced Liver Injury by Modulating Oxidative
Imbalance and Inflammation. Int J Mol Sci 2022; 23: 4429.
https://doi.org/10.3390/ijms23084429

Heffernan CB, Ekena J, Dowling S, Pinkerton ME, Viviano K.
Biomarkers of oxidative stress as an assessment of the
redox status of the liver in dogs. J Vet Intern Med 2019; 33:
611-617.

https://doi.org/10.1111/jvim. 15443

Dalle-Donne |, Rossi R, Colombo R, Giustarini D, Milzani A.
Biomarkers of Oxidative Damage in Human Disease. Clin
Chem 2006; 52: 601-623.
https://doi.org/10.1373/clinchem.2005.061408

2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

[20]

Santos LO, Gonzales TA, Ubeda, BT, Monte Alegre R.
Influence of culture conditions on glutathione production by
Saccharomyces cerevisiae. Appl Microbiol Biotechnol 2007;
77: 763-769.

https://doi.org/10.1007/s00253-007-1211-6

Fanelli S, Francioso A, Cavallaro RA, d’Erme M, Putignano
P, Miraglia N, Mosca L. Oral Administration of S-
acetylglutathione: Impact on the Levels of Glutathione in
Plasma and in Erythrocytes of Healthy Volunteers. Int J Clin
Nutr Diet 2018; 4: 134.
https://doi.org/10.15344/2456-8171/2018/134

Homma T, Fujii J. Application of Glutathione as Anti-
Oxidative and Anti-Aging Drugs. Currentdrugmetabolism,
2015; 16(7): 560-571.
https://doi.org/10.2174/1389200216666151015114515

Biasbetti E, Martello E, Cocca T, Bigliati M, Mioletti S, Bruni
N, Capucchio M.T. Methionine Fermented Associated with
Silybum Marianumis a Potential Hepatoprotective and
Antioxidant in Cats with In amatory Liver Disease. Int J Anim.
Sci 2018; 2: 1018.

Abenavoli L, 1zzo AA, Mili¢ N, Cicala C., Santini A., &
Capasso R. Milk thistle (Silybum marianum): A concise
overview on its chemistry, pharmacological, and
nutraceutical uses in liver diseases. Phytotherapyresearch
2018; 32(11): 2202-2213.

https://doi.org/10.1002/ptr.6171

Abenavoli L, Aviello G, Capasso R, Milic N, Capasso F. Milk
thistle for non-alcoholic fatty liver disease treatment. Hepatitis
Monthly 2011; 11: 173-177

Kwon DY, Jung YS, Kim SJ, Kim YS, Choi DW, Kim YC.
Alterations in sulfur amino acid metabolism in mice treated
with silymarin: A novel mechanism of its action involved in
enhancement of the antioxidant defense in liver. Planta Med
2013; 79: 997-1002.

https://doi.org/10.1055/s-0032-1328704

Schlieck TMM, Petrolli TG, Bissacotti BF, Copetti PM, Bottari
NB, Morsch VM, da Silva AS. Addition of a blend of essential
oils (cloves, rosemary and oregano) and vitamin E to replace
conventional chemical antioxidants in dog feed: effects on
food quality and health of beagles. Archives of
Animalnutrition 2021; 75(5): 389-403.
https://doi.org/10.1080/1745039X.2021.1960091

Perondi F, Bisanzio D, Adami R, Lippi |, Meineri G, Cutrignelli
MI, Massa S& Martello E. The effect of a diet supplement
containing S- acetyl-glutathione (SAG) and other antioxidant
natural ingredients on glutathione peroxidase in healthy
dogs: a pilot study. Italian Journal of Animal Science 2023;
22(1): 589-593.
https://doi.org/10.1080/1828051X.2023.2221073




