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Summary

This study was designated to evaluate the protective role of alpha lipoic acid against oxidative
stress resulted by hydrogen peroxide on some oxidants/ antioxidants parameters and gene
expression of glutathione peroxidase in adult Wistar rats. Forty adult male rats were randomly
divided into four equal groups (10 rats /group) and were handled daily as follows for 56 days :
Control group were intubated distal water and received ordinary tap water ; group T1 were
intubated 60mg/kg B.W of alpha lipoic acid and received ordinary tap water ; group T2 were
received hydrogen peroxide in tap water at concentration of 0.5% , while group T3 were intubated
60mg/kg B.W of alpha lipoic acid and received ordinary tap water containing 0.5% hydrogen
peroxide. Fasting blood samples were collected at 0, 28 and 56 days of experimental periods for
measurement of serum peroxynitrite and malondialdehyde concentrations, as well catalase activity.
Furthermore, gene expression of glutathione reductase in liver was investigated. Administration of
0.5% hydrogen peroxide in drinking water (group T2) manifested a significant elevation in serum
peroxynitrite and malondialdehyde with significant decrease in catalase and Glutathione,
concentrations. Also, a significant decrease in gene expression of glutathione reductase was
observed as compared to other treated groups. Nevertheless, rats in group T3 shows a significantly
improvement in oxidant /antioxidant status with increase in folds changes of gene expression of
glutathione reductase as compared to control and T2. In conclusion, supplementation of alpha lipoic
acid to rats significantly reduced oxidative stress —induced by hydrogen peroxide and caused
improvement of gene expression of glutathione reductase in liver via its antioxidant properties.

Keywords: Hydrogen peroxide, Alpha lipoic acid, Gene expression, Glutathione reductase.

Introduction is reflects an imbalance between the systemic
Reactive oxygen species (ROS) comprise ROS and the ability of biological system to
both free radical and non-free radical oxygen detoxify or to repair the resulting damage (4).
containing molecules such as hydrogen Activation of these ROS by different
peroxide (H202), superoxide (SO -), singlet extracellular or intracellular stimuli, caused an
oxygen (1/202), and the hydroxyl radical elevation in ROS production (5and 6) .
(*OH-),), there are also cellular reactive Alpha lipoic acid is a naturally produced in
nitrogen (RNS) such as nitric oxide (*NO), small amounts by plants, animals, and humans
peroxyl radicals (*ROO-), peroxynitrite (7and 8). It was found to be a co-actor for
(*ONOO-) , as well as iron, copper, and sulfur many mitochondrial enzyme complexes that
species which could attribute to increased ROS are involved in energy production (9).Alpha
formation (1and 2). Furthermore, an evidence Lipoic Alid (ALA), is a medium chain fatty
indicates that healthy cellular metabolism acid with two sulfur atoms that is synthesized
requires the generation of ROS by within human mitochondria by lipoic acid
mitochondria, which plays a critical role in synthase (10). It was shown to have powerful
initiating cell death (3). antioxidant abilities, equal to that of coenzyme
Oxidative stress (OS) is a state related to Q 10, vitamin C, and vitamin E (11). Unlike
increased cellular damage caused by ROS, that other antioxidants, ALA has the unique ability

to neutralize free radicals within aqueous and
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lipid regions of the cells, as well as in
intracellular and extracellular environments
(12). Both the oxidized (LA) and reduced
(DHLA) forms of lipoic acid are capable of
scavenging hydroxyl and nitric oxide radicals,
peroxynitrite anions, and hydrogen peroxide
and extinguishing single oxygen atoms. ALA
caused modulation single transduction (13 and
14), up regulates antioxidant enzyme gene
expression (15), metal chelator (16) and an
anti-inflammatory (17).

Protection effect of antioxidant against the
damaging effects of free radicals is carried out
by enzymatic like catalase, glutathione
reductase (GR), glutathione peroxidase (GPx)
and superoxide dismutase (SOD) and non-
enzymatic antioxidant system chains such as
lipoid acid, L-arginine, coenzyme Q10, uric
acid, bilirubin, albumin, and transferrin,
vitamins A, E, and C, flavonoids, omega-3 and
omega-6 fatty acids (18 and19). Meanwhile,
glutathione system play an important place in
this situate. In this system, glutathione
peroxidase supply detoxification of inorganic
and organic peroxides by using reduced
glutathione (GSH). The regeneration of
oxidized glutathione is carried out by GR
which uses NADPH as reduced equivalents
(20 and 21). Therefore, the current study was
designated to explore the protective role of
ALA against oxidative stress-induced by
hydrogen peroxide (H202) on some oxidants/
antioxidants parameters and gene expression
of glutathione peroxidase in adult Wistar male
rats.

Materials and Methods

Forty adult male rats were randomly divided
into four equal groups (10 rats /group) and
were handled daily as follows for 56 days :
Group C, rats in this group were intubated
distal water plus received ordinary tap water
and served as control ; Group T1, rats in this
group were intubated 60mg/kg B.W. of ALA
as well as received ordinary tap water ; Group
T2, rats were administered H.O2 in tap water
at concentration of 0.5% and Group T3, rats
in this group were intubated 60mg/kg B.W. of
ALA and received ordinary tap water
containing 0.5% H202.

Rats were deprived overnight; blood samples
were collected and transferred to a gel tube
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without anticoagulant at zero, 28 and 56 days
of experiment. Sera were isolated and frozen at
-18 C until analysis to estimate the following
parameters including: Peroxynitrite
concentrations (22), malondialdehyde (MDA)
(23), while, catalase as described by (24).
Whereas, at the end of the experiment gene
expression of GR in the liver tissues of all
experimental groups was estimated using
enzymatic kits including (Total RNA
Extraction Kit, AccuZolTM , Bioneer, Korea ;
DNase | enzyme kit , promega, USA.;
AccuPower® RocketScriptTM RT PreMix 96
plate, Bioneer, Korea and AccuPower ®
Greenstar TM gPCR PreMix 96 plate |,
Bioneer, Korea . The real time (PCR) primers
that used in this study were designed by using
(National Centre  for  Biotechnology
Information (NCBI) Gene Bank. The Primer
pairs were design online and supported from
(Bioneer, Korea Company) for GR gene:
TGCTTTGGCCTCATTCCAAG (Forward)
And
TATAGTCATCCGTCAGGTGTGC
(reverse).
For housekeeping gene:
ATCCCAGACCCCATAACAACG (forward) and
TTTTTGAGGGTGCAGCGAAC (Reverse).

Quantitative Reveres Transcription Real-
Time PCR technique was performed for
quantification of relative gene expression
analysis for GR gene. These genes were
normalized by using housekeeping gene
(GAPDH). This technique was done according
to method as described by (25). The data
results of @RT-PCR for target and
housekeeping genes were analyzed by the
relative quantification gene expression levels
(fold change) ACT Livak method according to
(26). Statistical analysis of data was conducted
on the basis of One-Way Analysis of Variance
(ANOVA) utilizing a significant levels of
(P<0.05). Specific group differences were
determined using Least Significant Differences
(LSD) as portrayed by Snedecor and Cochran
(27).

Results and Discussion

A significant  (p<0.05) increase in
peroxynitrite  radical concentration was
observed after 28 day of the experiment in T2
and T3 groups which received H202 and
H202 plus ALA as compared to control and
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T1 groups (Figl.A). On the other hand,
continuous received of hydrogen peroxide in

tap water (group T2) for 56 day, caused a
significant ( p < 0.05) increase in this
parameter as compared  with  other

experimental groups. Besides, oral gavages of
alpha lipoic acid to H202 treated rats (group
T3) along the experimental period caused a

significant  (p<0.05) decrease in serum
peroxynitrite concentration as compared to
group T2..

The treatment of rats with H202 in drinking
water (group T2) showed a significant (p <
0.05) increase in serum MDA as compared to
treated group (Fig 1.B). While treatment with
alpha lipoic acid (T1) alone or in combination
with H202 showed significant (p < 0.05)
decrease in  serum malondialdehyde
concentration at two treatment period (28 and
56 days) as compared to group T1. The result
also showed that the combination treatment
(group T3) produced a significant (p < 0.05)
decrease in MDA level at the end of the
experiment compared to pretreatment period.

Exposure of rats to 0.5% of H.O2 in
drinking water for 28 and 56 days caused a
significant ( p < 0.05) decrease in serum
catalase activity in group T1 comparing to
other experimental groups (Fig 1.C). Whereas
treated of rats with ALA concurrently with
H202( group T2 ) for 56 days showed a
significant ( p < 0.05) increased in this
parameter as compare to (groupH20.) due to
antioxidant effect of ALA was counteract the
oxidative stress of H20. . At the same period a
significant (p < 0.05) increase in this
parameter was observed in group T1 as
compared to other experimental groups.
Within the time, a significant ( p < 0.05)
decrease in serum catalase activity in H.O>
treated group T2 and H202 plus ALA treated
group H20> at 28 and day 56 days compared to
zero time .

The results showed that H.O in drinking
water (group T2) induced significant elevation
in  serum  peroxynitrite  and MDA
concentrations with significant decrease in
catalase activity compared to control group
that give impression of induced oxidative
stress. This results is in agreement with other
studies (28-30). Peroxynitrite (ONOQ_) which
is formed by the diffusion-controlled reaction
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of O2e— and NO has been shown to be strong
reactive oxidant that oxidize proteins,

sulfhydryl, lipids and DNA leading to cellular
injury (31 and 32). Peroxynitrite, when
generated in excess, may damage cells by
oxidizing or nitrating cellular components and
oxidation of cofactors of antioxidant enzyme
either by direct or free-radical-dependent
mechanisms lead to antioxidant depletion of
superoxide dismutase, glutathione reductase,
and glutathione (32 and 33). MDA, which is
one of the final products of membrane lipid
peroxidation(LPO), which can be measured
via the thiobarbituric acid assay, and it is one
of the oldest and most widely used direct
assays for assessing sperm membrane
oxidation(34 and 35) .

Catalase is a common enzyme found in
nearly all living organisms exposed to oxygen.
Likewise, one catalase molecule can catalyzes
the decomposition of millions hydrogen
peroxide to water and oxygen each second. It
IS a very important enzyme in protecting the
cell from OS by ROS (36). The mechanisms
underlying the decreased CAT activity was
proposed by different investigators who
suggested that NADPH is important in
maintaining CAT activity, and that the loss of
NADPH due to exposure to H.O> would
adversely affect against erythrocyte CAT
enzyme activity (37).

Administration of ALA concurrently with
H20, caused a significant decrease in serum
MDA concentration and increase in catalase
activity in T3 treated groups compared to
control group, indicating the antioxidant
activity of ALA. These results came in
accordance with many researches (38 - 40).
The protective effect of ALA was indicted by
the prevention of both, the increased lipid
peroxide and the decreased enzymatic
antioxidant  activity and non-enzymatic
antioxidant levels. Several similar mechanisms
have been proposed to explain the protective
efficacy of ALA against the liver oxidative
stress induced by certain agents, drugs (41-44)
and from excessive production of LPO (45).
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Figure,1: Effect of alpha lipoic acid (ALA) for

28 and 56 days on serum peroxynitrite (A),
(MDA) (B), catalase(C) Concentrations of
hydrogen peroxide treated male rats. Values
are expressed as means £SE. n = 7/ group C:
control received drinking tap water. T1:
gavages alpha lipoic acid (ALA) (60 mg/ kg
B.W). T2: received 0.5% H»O; in drinking tap
water. T3: received 0.5% HO; in drinking tap
water plus 60 mg / kg B.W of ALA. Means
with different small letters denote significant
differences (p <0.05) between Groups. Means
with different capital letters denote significant
differences (p< 0.05) within Groups.
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Figures (2) illustrated the result of gene
expression of glutathione reductase, Rats in
group T2 that received H20: in drinking water
registered  significant (P<0.05) decrease
(1.79£0.25) in folds of gene expression of GR
reductase as compared to T1 (10.46+0.40) and
T3 (5.02+0.17) treated groups. Meanwhile,
group of animals that administrated 60mg/kg
B.W. of ALA plus H20: (group T3) showed
non-significant (P>0.05) differences in folds of
GR gene expression as compared to control
group. The results also manifested a slight
significant increase in this parameter in group
T2 as compared to control group

The results showed decrease in GR genes
expression in liver tissues of H2O; treated rats
as compared to both T1(ALA) and T3
(ALA+H202) , indicating occurrence of
oxidative stress. A temporary increase in the
activity of GP and GR after intoxication of rats
by xenobiotic was reported previously (46).
Down-regulation of GR results in cellular
GSSG content increase, and reduction of
GSH/GSSG ratio is involved in many
responses against oxidative stress (47). As
mentioned previously, the data showed that
H2>O2 caused an increased in serum lipid
peroxidation as expressed by increased levels
of MDA, this will cause an increased
accumulation of H202 which could further
stimulate lipid peroxidation (48). H>O> not
only increase the free radical formation but
also decrease its ability to detoxify ROS,
attenuating of antioxidant enzymes such as
GSH- reductase and GSH-Px , and that caused
depression in gene expression of these
enzymes leading to hepatocellular damage
(49). Many researches have demonstrated that
oxidants, radiation, heat shock, heavy metals,
and chemotherapeutic agents can increase
GSH concentrations by induction of g-GCS-
HS expression in various cell types (50 and
51). In this study, the results showed for the
first time, induction gene expression of GR by
H20> in the liver tissue.

Plants with antioxidant activity have been
found to potentiate the activities and gene
expression of many antioxidant enzymes
including GR (52 and 53). Transcription of
antioxidant enzymes is regulated by
antioxidant response elements (ARES). It was
shown that Nrf2 (NF-E2-related factor 2) and
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Nrfl are transcription factors that bind to
AREs and activate these genes (54 and 55).
Some studies have reported that the exogenous
use of ALA and other antioxidants increases
SOD activity and GSH levels with decrease
MDA levels (56-58), which may be through
elevation of gene expression of GSH reductase
However, an animal study examining the
physiological activity of a-lipoic acid affecting
GR expression in hydrogen peroxide treated
rats has been lacking. Accordingly, further
studies are necessary to explore the
mechanism of action of ALA.
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Figure, 2: Effect of alpha lipoic acid or 56 days on gene
expression of glutathione reductase enzyme in liver tissue
of hydrogen peroxide treated male rats.
References
1. Iskusnykh, 1.Y.; Popova, T.N.; Agarkov, A.A.; de
Carvalho, M.AA. and Rjevskiy, S.G. (2013).
Expression of glutathion peroxidase and
glutathionreductase and level of free radical
processes under toxic hepatitis in rats. J Toxicol.,
870628.
2. Patel, R.P.;McAndrew, J.; Sellak, H.; White,
C.R.; Jo, H.;Bruce A. Freeman, B.A. and Darley-

Usmar, V.M. (1999). Biological aspects of
reactive nitrogen species. Biochim Biophys Acta.,
1411(2-3)5: 385-400.

3. Kalogeris, T.; Bao, Y. and Korthuis,R.J.(2014).
Mitochondrial reactive oxygen species: A double
edged sword in ischemia/reperfusion vs
preconditioning. Redox Biology, 2: :702-714.

4. Hampl, R.; Drabkova, P.; Kand’ar, R. and Stépan,
J. (2012). Impact of oxidative stress on male
infertility. CeskaGynekol., 77: 241-245.

5. Lavranos, G.; Balla, M.; Tzortzopoulou, A,
Syriou, V. and Angelopoulou, R. (2012).
Investigating ROS sources in male infertility: a
common end for numerous  pathways.
ReprodToxicol., 34:298-307.

6. Asadi, N.; Bahmani, M.; Kheradmand, A. and
Rafiean-Kopaei, M.(2017). The impact of
oxidative stress on testicular function and the role
of antioxidants in improving it: A review. J Cli
Diagn Res., 11(5): IE01-1EQ5.

7. Singh, U. and Jialal, 1. (2008). Alpha-lipoic acid
supplementation and diabetes. Nutr Rev., 66:646-
657.

8. Gomes, M.B. and Negrato, C.A. (2014). Alpha-
lipoic acid as a pleiotropic compound with
potential therapeutic use in diabetes and other
chronic diseases. Diabetol Metab Syndr., 6: 80.

9. Bustamante, J.; Lodge, J.K.; Marcocci, L.;
Tritschler, H.J.; Packer, L. and Rihn, B.H. (1998).
Alpha-lipoic acid in liver metabolism and disease.
Free Radic Biol Med., 24(6):1023-1039.

10.Golbidi , S.; Badran, M. and Laher, 1. (2011).
Diabetes and Alpha Lipoic Acid. Fron
Phasrmcol., 2:69.

11.Bast, A. and Haenen, G.R. (1988). Interplay

between lipoic acid and glutathione in the
protection against microsomal lipid
peroxidation.  Biochim  Biophys Acta., 16;

963(3):558-561.

12.Gurer, H.; Ozqunes, H. and Oztezcan,S. and
Ercal, N.(1999). Antioxidant role of alpha lipoic
acid in lead toxicity. Free Radic Biol Med., 27(1-
2):75-81.

13.Han, D.; Handelman, G.; Marcocci ,L.; Sen, C.K.;
Roy, S.; Kobuchi, H.; Tritschler, H.J.; Flohe, L.
and Packer, L. (1997). Lipoic acid increases de
novo synthesis of cellular glutathione by
improving cysteine utilization. Biofactors , 6:321—
38.

14.Teichert, J.; Kern, J.; Tritschler, H.J.; Ulrich, H.
and Preiss, R.(1998). Investigations on the
pharmacokinetics of alpha-lipoic acid in healthy
volunteers. Int J Clin Pharmacol Ther., 36:625—

628.

15.Aram basic, J.; Mihailovic, M.; Uskokovic,
A.:Dinic, S.; Grdovic, N.; Markovic, J;
Pozanovic, G.; Bajec, D. and Vidakovic,


http://www.sciencedirect.com/science/journal/22132317

The Iragi Journal of Veterinary Medicine, 42(2):51-58. 2018
M.(2013).  Alpha-lipoic  acid  upregulates  27.Snedecor, G.W. and Cochran, W.G. (1973).
antioxidant enzyme gene expression and Statistical Methods. 6" ed. the lowa state

enzymatic activity in diabetic rat kidneys through
an O-GIcNAc-dependent mechanism. Eur J Nutr.,
52(5): 1461-1473.

16.Ali, Y.F.; Desouky, O.S.; Selim, N.S. and Eeiba,
M.(2015). Assessment of the role of a-lipoic acid
against the oxidative stress of induced iron
overload. J Rad Res App Sci., 8(1): 26-35.

17.Tatar, A,.; Korkmaz, M.; Yayla, M.; Gozeler,
M.S.; Mutlu, V.; Halici, Z.; Uslu, H.; Korkmaz,
H. and Selli, J .(2016). Anti-inflammatory and
anti-oxidative effects of alpha-lipoic acid in
experimentally induced acute otitis media. J
Laryngol Otol., 130(7): 616-623.

18.Agarwal, A. and Prabakaran, S.A. (2005).
Mechanism, measurement, and prevention of
oxidative stress in male reproductive physiology.
Indian J Exp Biol., 43:963-974.

19.Mansara, P.; Ketkar, M.;Deshpande,
R.;Chaudhary, A.; Shinde, Kand Kaul-
Ghanekar,R. (2015). Improved antioxidant status
by omega-3 fatty acid supplementation in breast
cancer patients undergoing chemotherapy: a case
series. J Med., 9:148.

20.Gulak, P.; Dudchenko, A. and Zaycev, V.(1985).
Hepatocyte: The Functional and Metabolic
Properties. Moscow, Russia.

21.Pashkov, A.N.; Popov, S.S.; Semenikhina, A.V.
and Rakhmanova, T.1.(2005). Glutathione system
state and activity of some NADPH-producing
enzymes in rats liver under melatonin action at
norm and toxic hepatitis. Bull Exp Biol Med.,
139(5):520-524.

22.Vanuffelen, B. E.; Van Der Zee, J.; De Koster, B
.M.; Vansteveninck, J. and Elferink, J .G. (1998).
Intracellular but not extracellular conversion of
nitroxyl anion into nitric oxide leads to
stimulation of human neutrophil migration.
Biochem J., 330(2):719-722.

23.Placer, Z. A.; Cushman,L.L. and B. C. Johnson.
1966. Estimation of product of lipid peroxidation
(malonyl dialdehyde) in biochemical systems.
Anal. Biochem., 16:359-364.

24.Goth, L. (1991). A simple method for
determination of serum catalase activity and
revision of reference range. Clin Chim Acta,
196:143-152.

25.Cheon, M.; Park, D.; Kim, K.; Park, S.D. and
Ryu, K. (1999). Homologous upregulation of
GnRH receptor mRNA by continuous GnRH in
cultured rat pituitary cells. Endocrine, 11(1): 49-
55.

26.Livak, K. J, and Schmittgen, T. D., (2001).
Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta
C(T)) method. Methods, 25(4): 402-408.

56

University press.399-408.

28. Rahim,S.M.; Taha, E.;M.; Mubark, Z.M.;Aziz,
S.S,;Simon,K.D. and Mazlan, A.G.(2013)
Protective effect of cymbopogon citratus on
hydrogen peroxide-induced oxidative stress in the
reproductive system of male rats. Syst Biol
Reprod Med., 59(6): 329-336.

29.Al-Rubaei, Z.M.; Mohammad, T.U. and Ali, L.K.
(2014). Effects of local curcumin on oxidative
stress and total antioxidant capacity in vivo study.
Pak J Biol Sci., 17(12): 1237-1241.

30.Nowfel, A. J. and Al-Okaily, B.N. (2017).
Oxidative stress: Role of Eruca sativa extract on
male reproduction in rats. Adv. Anim Vet Sci.,
5(1): 39-46.

31.Song, P.; Wu, Y.; Xu, J.; Xie, Z.; Dong, Y.
Zhang, M. and Zou, M. (2007). Reactive nitrogen
species induced by hyperglycemia suppresses Akt
signaling and triggers apoptosis by upregulating
phosphatase PTEN (Phosphatase and tensin
homologue deleted on chromosome 10) in an
LKB1-dependent manner. Circulation, 21:21-25.

32.Barber, S.C. and Shaw, P.J. (2010). Oxidative
stress in ALS: Key role in motor neuron injury
and therapeutic target. Free Radic. Biol. Med., 48:
629-641.

33.Schimizu, S.; Ishii, M.; Miyasaka, Y.; Wajima,Y.
and Negoro, T. et al, (2005). Possible
involvement of hydroxyl radical on the
stimulation of tetrahydrobiopterin synthesis by
hydrogen peroxide and peroxynitrite in vascular
endothelial cells. Intern J Biochem Cell Biol .,37
: 864-875.

34.Kefer, J.C.; Agarwal, A. and Sabanegh, E.(2009).
Role of antioxidants in the treatment of male
infertility. Int J Urol., 16:449-457.

35.Anees,S.; Parveen, N.; Mohammed, S. and
Ishag,M. (2014). Evaluation of oxidative stress
and antioxidant status in relation to glycemic
control in type 1 and type 2 diabetes mellitus
patients. Am J Biochem Mol Biol., 4: 93-98.

36.Chelikani, P.; Fita, I. and Loewen, P.C. (2004).
Diversity of structures and properties among
catalase. Cellular and Molecular Life Sciences, 61
(2): 192-208.

37.Churbanova, LY. and Sevrioukova, I.F. (2008).
Redox-dependent changes in molecular properties
of mitochondrial apoptosis — inducing factor. J
Bio Chem., 29(9): 5622-5631.

38.Choi, S.; Min, K.; Choi, I. and Kang, D.(2009).
Effects of a-Lipoic Acid on the Antioxidant
System in Prostate Cancer Cell chondrial
apoptosis-inducing factor. J. Biol Chem.,
283(9):5622-5631.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tatar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korkmaz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yayla%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gozeler%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gozeler%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutlu%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halici%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uslu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korkmaz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korkmaz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27238225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selli%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27238225

The Iragi Journal of Veterinary Medicine, 42(2):51-58.

2018

39.Li, Y.;Ma, Q.G.; Zhao, L.H.; Guo, Y.Q.; Duan,
G.X.; Zhang, Y.Z. andJi, C. (2014).Protective
efficacy of alpha-lipoic acid against aflatoxinB1-
induced oxidative damage in the liver. Asian-
Australas J Anim Sci.,27(6): 907-915.

40.Lebda, M.A.; Gad, S.B. and Rashed,R.R. (2015).
The effect of lipoic acid on acrylamide-induced
neuropathy in rats with reference to biochemical,
hematological, and behavioral alterations. Pharm
Biol., 53(8): 1207-1213.

41.Saad, El. El-Gowilly, S.M. Sherhaa, M.O. and
Bistawroos, A.E.(2010). Role of oxidative stress
and nitric oxide in the protective effects of alpha-
lipoic acid and aminoguanidine against isoniazid-
rifampicin-induced hepatotoxicity in rats. Food
Chem Toxicol., 48(7): 1869-1875.

42.El- Shenawy, N.S.;Hamza, R.Z.; Ismail, H.AA.
and Khaled, H.E. (2016). Efficacy of a-lipoic acid
against oxidative stress and histopathological
changes induced by dimethylnitrosamine in liver
male mice. Am J Biochem Mol Biol., 6: 102-112.

43.Khalaf, A. A.; Zaki, A.R. and Galal,
M.K.(2017).The potential protective effect of a-
lipoic acid against nanocopper particle-induced
hepatotoxicity in male rats. Hum Exp Toxicol.,
36(9):881-891.

44.Mohamed, W.R.; Mehany, A.B.M. and Hussein,
R.M. (2018). Alpha lipoic acid protects against
chlorpyrifos-induced toxicity in Wistar rats via
modulating the apoptotic pathway. Environ
Toxicol Pharmacol., 59:17-23.

45.Arivazhagan, P.; Panneerselvam, S.R. and
Panneerselvam, P.C.(2003). Effect of DL-a-lipoic
acid on the stutus of lipid peroxidation and lipids
in aged rats. J Gentrol., 58(9): B788-B791.

46.Lukaszewicz-Hussain, A. and J. Moniuszko-
Jakoniuk, J. (2004). Liver catalase, glutathione
peroxidase and reductase activity, reduced
glutathione and hydrogen peroxide levels in acute
intoxication with chlorfenvinphos, an
organophosphate insecticide. Polish Journal of
Environmental Studies. 13 (3): 303-309.

47 Tappel, A.L. (1978). Glutathione peroxidase and
hydroperoxides. Methods Enzymol., 52:506-513.

48.Gaschler, M.M. and Stockwell, B.R.(2017). Lipid
peroxidation in cell death. Biochem Biophys Res
Comm., 482(3): 419-425.

49.Li, S.; Tan, H.; Wang, N.; Zhang, Z.; Lao, L.;
Wong, C. and Feng, Y.(2015). The Role of

57

Oxidative Stress and Antioxidants in Liver
Diseases. Int J Mol Sci., 16(11): 26087-26124.
50.Rahman, I.; Antonicelli, F. and MacNee, W .
(1999). Molecular mechanism of the regulation of
glutathione synthesis by tumor necrosis factor-a
and dexamethasone in human alveolar epithelial
cells. J Biol Chem ., 274 (8) :5088-5096.

51.1lyas , S. and Rehman, A. (2015). Oxidative
stress, glutathione level and antioxidant response
to heavy metals in multi-resistant pathogen,
Candida tropicalis. Environ Monti Assess.,
187(1): 4115.

52.El-Baher, S.M.(2015). Effect of curcumin on
hepatic enzymes activities and gene expression in
rats intoxicated with aflatoxin B1. Phytotherapy
Res., 29(1°): 134-140.

53.Al-Magrabi, 0.A.(2015).  Molecular  and
biochemical investigations on the effect of
quercetin on oxidative stress induced by cisplatin
in rat kidney. Saudi J Biol Sci., 187(1): 4115.

54.Nguyen, T.; Huang, H.C. and Pickett,C.B.
.(2000). Transcriptional regulation of the
antioxidant response element. Activation by Nrf2
and repression by MafK. J Biol Chem., 275 (20) :
15466-15473.

55.8ant , K.M.; Hansen, J.M.; Williams,L.M.; TRan,
N.L.; Goldstone, J.V.; Hanh, J.V. and Timmme-
Laragy, A.(2017). The role of Nrfl and Nrf2 in
the regulation of glutathione and redox dynamics
in the developing zebrafish embryo. Redox
Biology, 13:207-218.

56.Wagner, A.E.; Ernst, M.A.; Birringer,M.; Sancak,
O.; Barella, L. and Rimbach, G.(2012). A
Combination of Lipoic Acid Plus Coenzyme Q10
Induces PGCla, a Master Switch of Energy
Metabolism, Improves Stress Response, and
Increases Cellular Glutathione Levels in Cultured
C2C12 Skeletal Muscle Cells. Oxidative Med
Cellu Longevity., volume 12, Article 1D 835970,
9 pages.

57.El-Bishbishy, H.A.; Aly, H.A. and ElShafey,
M.(2013). Lipoic acid mitigates bisphenol A
induced testicular mitochondrial toxicity in
rats. Environmental and Occupational
Health, 29(10):875-887.

58.de Takashi, 1. (2014). Effect of dietary a-lipoic
acid on the mRNA expression of genes involved
in drug metabolism and antioxidation system in
rat liver. J Nutri., 112(30:295-308.



The Iragi Journal of Veterinary Medicine, 42(2):51-58. 2018

o S ) O gl ISl ) pail) (g giaia g B Cilaila/Bansy) Alla o o g W) (haaa
(A g5l ) G gugd) S gl dida jaeall 03 )

2 ABal) aad o) g 1)) gl llaia 2ana
Gl 2alai Aaala ¢ ¢ M5 Aala ol alall 4 iy 5o 5 daludll ¢
E-mail: najimbaraa@gmail.com

DAl

Ol 2 s elaely untinall oSl oSl aca @l g Wl sl B sall oy sl Al all 038 Ciaaia
Aslue gualae gl ) Ll pie Caands 4allll S 13l g sl Qe | 230U Al il ele i (H202)
i sana ¢ pial) sbie o Slmd Sl eldl) Cybe) 3okl de sane 1Y) il Lo Lag 56 32y Las Cilase
Cubel G b el sl sl me il W (man e sl ()5 e S/ pile 60 Cuacls (V) Aalladl)
S/ pale 60 b B Ao geadll Wl ¢ 70,5 58S 5h Cpngovell 3S gom e sslall ) siall e Ll de panall
G gl o g 22y 70,5 5S 50 O souel) 2eS gom Sle sl ) pinall ele o cly gl W) (aea o puall (55 0
daae A YUSN LLG 5 sl lle sl 5y 508 55 paadl dy il el sy 56 528 50 23l all Gline Caves
& g5 gl ga i) el | Al 8 50y (il glall iall el (B i) s o5 Glld (e Slad o)
) el (g aall dian (8 SYUISH L& o 0 55D (8 (g sine (aliad) ae aaallini e 5 oy yianS g ) 38 53
& Ssine Guad dgay i) i I gay s AY) palaal) e dls T2 Ao ganall 8 2SH 8 5y ) o sl
Ol slall Sl Huatl) (6 gha o A 330 ) ae pall Jian (B A jall 28 aall Jias G 32l Gilaile ansl) s julaae
O el (e ety | Al dallaall de sanas 3kl (e genall ga dijlie LA dallaall de sanall & 2SU 3 xSy
Ol slall iadl el 3345 ae 5auSOU dxilall ey V) A (5 sima Guend Gagan ol @lygul W) aes ddll

S Baliaal) 4iilad oy o 5 el 2S5 elaely iaaitna) panslil) (o S Aca jrall ()13 2l & xSy

S Ol oIS e ) paatliedly gl (lan ¢ g ) dsaaS g dalifal) clalgl)

58


mailto:najimbaraa@gmail.com

