Effects of Lipoic Acid on Acrylamide Induced Testicular Damage

21/06/2014
06/2014

Published online:
Published print:

DOI: 10.5455/msm.2014.26.208-212
Received: 11 April 2014; Accepted: 15 June 2014
© AVICENA 2014

ORIGINAL PAPER Mater Sociomed. 2014 Jun; 26(3): 208-212

Effects of Lipoic Acid on Acrylamide
Induced Testicular Damage

Mohamed Lebda’, Shereen Gad? Hossam Gaafar?

Department of Biochemistry, Faculty of Veterinary Medicine, Alexandria University, Egypt’
Department of Physiology, Faculty of Veterinary Medicine, Alexandria University, Egypt?
Department of Pathology, Faculty of Veterinary Medicine, Alexandria University, Egypt?

Corresponding author: Mohamed Lebda, Department of Biochemistry, Faculty of Veterinary Medicine, Alexandria University, Egypt, Tel. No: +2 01 008
479197, Fax. No: +2 02 960 450

ABSTRACT

Introduction: Acrylamide is very toxic to various organs and associated with significant increase of oxidative stress and depletion of antioxidants.
Alpha-lipoic acid enhances cellular antioxidant defense capacity, thereby protecting cells from oxidative stress. Aim of the study: This study aimed
to evaluate the protective role of alpha-lipoic acid on the oxidative damage induced by acrylamide in testicular and epididymal tissues. Material and
methods: Forty adult male rats were divided into four groups (10 rats each). Control group; acrylamide treated group administered acrylamide
0.05% (w/v) in drinking water for 21 days; alpha-lipoic acid group received basal dict supplemented with 1% alpha-lipoic acid and forth group was
exposed to acrylamide and treated with alpha-lipoic acid at the same doses and treatment regimen mentioned before. Results: The administration
of acrylamide resulted in significant elevation in testicular and epididymal malondialdehyde level (MDA) and significant reduction in the level of
reduced glutathione (GSH) and the activities of glutathione-S-transferase (GST), glutathione peroxidase (GPX) and glutathione reductase (GR).
Also, acrylamide significantly reduced serum total testosterone and progesterone but increased estradiol (E2) levels. Treatment with alpha-lipoic
acid prior to acrylamide induced protective effects and attenuated these biochemical changes. Conclusion: Alpha-lipoic acid has been shown to

possess antioxidant properties offering promising efficacy against oxidative stress induced by acrylamide administration.
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1. INTRODUCTION

Acrylamide (ACR) is monomeric precursor for many indus-
trially important polymeric products; however, the incidental
formation of ACR during the cooking process of many common
starchy foods is the primary source of human exposure in the
range of 1 pg/kg/day (1). The likely major pathway in the forma-
tion of acrylamide in food cooked at high temperature involves
the Maillard browning reaction between reducing sugars and
asparagine, an amino acid present in potatoes and cereals (2).

In fact, the Maillard reaction is considered desirable in the
production of starchy food because it imparts a palatable taste,
even though it reduces the bioavailability of some amino acids,
including taurine and lysine and increase ACR formation (3).

Acrylamide is metabolized by hepatic CYP 2E1 produces
an epoxide, glycidamide (GA), which is reactive toward protein
and nucleic acid nucleophiles (4). GA had been reported to be
100-1000 times more reactive with DNA than acrylamide, and
considered as genotoxic in a variety of test systems (5).

Many studies were done to test the effects of oral acrylamide
administration on the testicular functions and the effects in-
clude: severe testicular damage, significant reduction in mating,
fertility, and pregnancy by formation of abnormal sperm and
adecrease in sperm count which could be a result of alkylation
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of SH groups in the sperm nucleus and tail, depletion of GSH,
or DNA damage in the testis (6).

Testicular toxicity had been reported in rodents exposed to
ACR, changes in gonadal and pituitary hormones had been as-
sociated with histopathological and gene expression changes (7).
One effective approach against environmental agents-induced
toxicity is prevention, so identification and development of ef-
fective chemopreventive agents that block activation or enhance
detoxification of environmental agents is an important aspect.

Alpha-Lipoic acid (LA) is a naturally occurring nutraceuti-
cal, whose therapeutic effect has been related to its antioxidant
activity and its ability to repair oxidative damage (8). It is readily
distributed and accumulates in several tissues where it is rapidly
converted to its more potent antioxidant form dihydrolipoic
acid (9). Because of its small size and high lipophilicity, it crosses
biological membranes easily and quenches free radicals in both
lipid and aqueous environments (10).

Pretreatment of spermatic cord torsion with LA signifi-
cantly protects against ischemia/reperfusion injury by de-
creasing oxidative stress (11). LA is used as a protector against
lipopolysaccharide-induced oxidative stress in adult rat Sertoli
cells in vitro (12).

The idea that free radical scavengers are protective against
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pollutant induced toxicity (13) has pro-

voked the present study to investigate the

potential protective effect of LA against

Control Acrylamide Lipoic acid Acrylamide + Lipoic acid
T. testosterone (ng/ml) 2.78 +0.04* 1.77 £0.04¢ 2.87 +0.04* 2.00 £ 0.05°
Progesterone (ng/ml) 1.60 + 0.04* 1.00 + 0.04° 1.75 £ 0.04* 1.08 +0.04°
Estradiol (pg/ml) 5.64+0.16¢ 8.18 £0.09° 5.71+0.15¢ 6.58 +£0.18"

acrylamide-induced oxidative toxicity in
the reproductive system as represented by
changes in sex hormone levels, and oxidative

Table (1). Effect of acrylamide and lipoic acid on male reproductive hormones of vats. Values are expressed as
mean + SE The values with different letter within the same raw significantly differ ar P < 0.05

stress and antioxidant status in male rats.

Control Acrylamide Lipoic acid Acrylamide + Lipoic acid
To the best of the author’s knowledge, the ypa (nmole/gtissue) 11275 +3.12¢  20124+4.01° 84924204 16573 +2.87"
effect of LA on acrylamide treatment with  GSH (umole/grissue) 3245+ 116° 1634 1.05¢ 4186123 2485+ 1.56°
respect to reproductive markers has not yet  GST (umole/m/gtissuc)  364.23+ 13.65"  199.64+ 11.09*  455.35+ 15.63*  281.38+ 12.54°
been established. GPX (U/g tissue) 11845 +478°  6136+3.01¢  149.76+465°  85.15+3.01¢
GR (U/gtissue) 39.54+ 1.87° 13.65 + 1.56¢ 51.76 £2.01* 2836+ 1.67¢
2. MATERIAL AND METHODS Tible (2). Effect of acrylamide and lipoic acid on antioxidants and oxidative stress of rats testis. Values are

2.1. Chemicals and Reagents

expressed as mean + SE. The values with different letter within the same raw significantly differ at P < 0.05

Acrylamide (CAS number 79-06-1)

. i . Control Acrylamide Lipoic acid Acrylamide + Lipoic acid
and alpha-lipoic acid were obtained from - (nmole/gtissue)  87.34+ L13¢ 13265+ 1.34*  G213+£1.03¢ 10167+ 1.24°
Sigma Chemicals Co. (St. Quentin-Falla- gy (umole/gtissuc)  29.65+ 1120 1198+0.97¢  4054+2.03° 2134+ 134¢
vier, France), 5,5- dithiobis-2-nitrobenzoic =~ GST (umole/m/grissue) 26576 £9.65%  158724743¢  35147+1187+ 21187 +9.23¢
acid, and 1- chloro-2,4-dinitrobenzene, GPX (U/gtissuc) 9759+235" 4157+ 1139  11174+376% 7246 +3.62°
reduced glutathione, thiobarbituric acid, GR(U/gtissuc) 33.87 + 1.64° 1145+ 1.04¢ 49.84+2.11° 2378 + 1.13¢

and butylated hydroxytoluene were pur-
chased from Fluka (Buchs, Switzerland),
and testosterone, progesterone and estra-
diol hormones ELISA kit from Cayman
Chemical company. All the other reagents were of analytical,

differ ar P < 0.05

high-performance liquid chromatography, or the best available
pharmaceutical grade.

2.2. Animals and experimental design

Forty Male rats weighing 210 + 7 g were housed 10 per cage
with wood shavings as bedding, and were maintained under a
controlled environmentat 25 +2°C, 55 + 5% relative humidity,
and a 12 h/12 h light/dark cycle throughout the experimental
period. The animal experiments were carried out in accordance
with the National Institutes of Health Guidelines for the Care
and Use of Laboratory Animals, and the study protocol was
approved by the local authorities. After 2 weeks of acclimatiza-
tion, the rats were randomly divided into four groups of 10 rats
cach. Group I was the control group received normal basal diet,
Group IT and Group IV were administered acrylamide 0.05%
(w/v) in drinking water for 21 days, group IV received beside
acrylamide alpha-lipoic acid 1% mixed with diet 7 day before and
along with acrylamide treatment, and group III were received
alpha-lipoic acid 1% mixed with diet for 28 days.

Twenty-four hours after the last administration of alpha-
lipoic acid or ACR, the rats were anesthetized with diethyl ether.
Then, blood samples were collected from the inner canthus of
the eye by heparinized capillary tube into clean test tubes. Fol-
lowing standing in room temperature for at least 30 min, the
blood was centrifuged at 3400 xg for 10 min and the serum was
separated, transferred to eppendorf tubes, and stored at -20°C
prior till biochemical analysis. Immediately after the collection
of blood samples, the animals were euthanized, and their testis
and epididymis were quickly excised, rinsed in ice-cold saline
and used immediately or stored frozen at -80°C until analysis.

2.3. Hormonal assays

ELISA procedure was used for quantitative determination
of serum total testosterone, progesterone and estradiol levels
(Dima Gesellschaft Fur Diagnostika [GmbH], Germany) ac-

cording to manufacturer’s instructions.
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Table (3). Effect of acrylamide and lipoic acid on antioxidants and oxidative stress of rat’s epididymis.
Values are expressed as mean + SE. The values with different letter within the same raw significantly

2.4. Indices of antioxidant and oxidative stress

Tissue homogenates were separately prepared from frozen
testis and epididymis samples in 10 volumes of 0.1 M Tris—
EDTA buffer (pH 7.4) and centrifuged at 8000 xg for 30
min at 4°C. Aliquots of the supernatant were utilized for the
spectrophotometrical assessment of the levels of the follow-
ing: lipid peroxidation (LPO), assessed as the production of
the thiobarbituric acid reactive substances (TBARS) in the
presence of BHT (14); reduced glutathione, by using Ellman’s
reagent (15); glutathione S-transferase (GST, EC 2.5.1.18) activ-
ity, as the rate of GSH conjugation of CDNB (16); glutathione
peroxidase (GPx, EC 1.11.1.9) activity was determined using
reduced glutathione and cummene hydroperxide as substrate
by the modified method of (17) and glutathione reductase (GR)
activity was measured according to the method of (18).

2.5. Histopathology

The excised testes and epididymis were fixed in Bouin’s
solution, for 24 h and processed using standard laboratory
procedures for histology. The tissue was embedded in paraffin
blocks, sectioned perpendicular to the longest axis of the testis
with 5-cm thickness, and stained routinely with hematoxylin
and cosin. Stained sections were examined using light micros-
copy at power 200 and 400 for detection of histopathological
changes (19).

2.6. Statistical analysis

Data were analyzed using the SPSS package. Results are ex-
pressed as mean + SEM with the experiment repeated at least
three times. Statistical evaluations were done using the analy-
sis of variance (ANOVA). A p value of < 0.05 was considered
significant.

3. RESULTS

3.1. Serum sex hormone levels

Compared to control rats, acrylamide treated rats exhibited a
significant decrease in serum total testosterone and progesterone
levels while serum estradiol was significantly increased (P<0.05;

209



Effects of Lipoic Acid on Acrylamide Induced Testicular Damage

Figure 1 P/Jatomzcrogmph of rat testes stamed with HE: Ratx recezved lipoic acid ( 1 % ) showing normal hzxtoarchztfcture of testes (a X1 60) Rats rc‘cezved
acrylamide (0.05%) exhibited vacuolar degeneration of the germinal epithelium and Sertoli cells (arrows) (b X.250), sloughing of the germinal epithelium
(arrows) with giant cell formations (arrowheads) in the lumen of seminiferous tubules (c X.160), depletion of germinal cells and hyalinization of the luminal
contents (arrows) (d X.160) and some seminiferous tubules loss of all germinal epithelinm cells (stars) (e X.160). Improvement of spermatogenesis in testes of
rats treated with acrylamide + lipoic acid (fX.160).

Table 1). Alpha-lipoic acid non-significantly increased serum
total testosterone, progesterone and estradiol levels. Admin-
istration of alpha-lipoic acid together with acrylamide signifi-
cantly increased serum total testosterone level, non-significantly
increased serum progesterone level and significantly increased
serum estradiol level as compared to acrylamide treated rats.

3.2. Antioxidant and oxidative stress indices

In relation to control rats, acrylamide treated rats had
greater level of MDA in both testis and epididymis (P<0.05).
Acrylamide caused a reduction in enzymatic activities of GST,
GPX and GR and level of GSH in both organs (Table 2, 3).
Alpha-lipoic acid treatment resulted in significant reduction
in MDA level with induction in enzymatic and non enzymatic
antioxidant status in examined tissues (P<0.05). The rats treated
with lipoic acid and acrylamide had a significant reduction in
MDA level and increased in GST, GPX and GR enzymatic ac-
tivities and GSH content in testis and epididymis as compared
to acrylamide treated rats (Table 2, 3).

3.3. Histopathological findings

Testicular sections of rats reccived lipoic acid had normal
seminiferous tubules with complete spermatogenesis and nor-
mal interstitial connective tissue (Fig. 1 a). However, testicular
tissue of rats received acrylamide showed degenerative changes of
majority of seminiferous tubules as incomplete spermatogenesis
where seminiferous tubules were almost devoid of spermatids
and spermatozoa and vacuolar degeneration of spermatogonia
and Sertoli cells (Fig. 1 b). Degenerated germinal epithelial cells
were sloughed in the lumina of most seminiferous tubules and
multiple giant cell formations (Fig. 1 ¢). Other tubules showed
coagulative necrosis and depletion of germinal epithelium with
hyalinization of luminal contents (Fig. 1 d). The majority of
seminiferous tubules lost all germinal epithelium cells which
evoked on cessation of spermatogenesis (Fig. 1 ¢). Conversely,
rats received acrylamide together with lipoic acid showed slight
vacuolization of germinal epithelial cells. A few numbers of
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seminiferous tubules had sloughed necrotic germinal epithe-
lium in their lumina in addition to marked improvement of
spermatogenesis, evidenced by presence of elongated sperma-
tids and spermatozoa in majority of seminiferous tubules (Fig.
1 f). The caput and cauda epididymis of rats received lipoic
acid showed normal histological structure with normal sperm
density (Fig. 2 a & b). Acrylamide treated rats exhibited histo-
pathological alterations in the cauda epididymis as edema and
moderate numbers of mononuclear cell infiltration of interstitial
connective tissue beside the majority of epididymal ducts had
no or low numbers of spermatozoa in their lumina (Fig. 2 ¢).
Sloughing of lining epithelial cells and giant cells was evident
in some ducts of caput epididymis (Fig. 2 d). Rats received
acrylamide plus lipoic acid showed moderate enhancement in
sperm density and epididymal structural integrity in caput (¢)
and cauda (f) epididymis.

4.DISCUSSION

The present study clearly demonstrates that alpha-lipoic acid
has marked protective effect against the development of acryl-
amide induced testicular oxidative stress through its antioxidant
properties. Our results were in accordance with (20, 21).

Furthermore, Yangetal. (6) proved that level of testosterone
hormone in rats was severely affected in different doses of acryl-
amide and this led to the spermatogenic effects and decreased
the Leydig cell viability. Also, Hamdy et al. (7) indicated that
testis is a target organ of acrylamide action as it caused severe
damage in seminiferous tubules and caused decrease in plasma
free and total testosterone in a dose dependent manner. Song
etal. (22) reported that the subchronic exposure of acrylamide
could affect the normal development of sperm, cause changes of
the activity of some enzymes in the testis and directly damage
Leydig cells and affects the endocrine function of the testis, as
confirmed by histopathological changes.

The inhibition of some members of the kinesin and dynein
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Figure 2. Photom icrograph of rat epididymis stained with HE (X 160): caput and cauda epididymis of rats received lipoic acid showing normal b;‘:tologz'ml

2

structure with normal sperm density (a & b). Rats received acrylamide, the caput epididymis (c) showing the most of epididymal ductules were free from
spermatozoa beside sloughed germ cells (arrows) while cauda epididymis (d) exhibited giant cells (arrowheads) and sloughed germ cells in their lumina. Rats
treated with acrylamide plus lipoic acid nearly normal structure and sperm density (e & f).

cytoskeletal motor protein families may be the common site of
action of ACR and GA, which could explain both neurotoxic-
ity and male reproductive toxicity observed in animals (23).
Rat’s Leydig cells utilize both serum uptake and Denovo syn-
thesis of cholesterol from acetate to produce testosterone (24). It
is possible that cytoskeletal inhibition by acrylamide could result
in diminished uptake of cholesterol and consequent reduced
testosterone levels. In addition, putative acrylamide-induced
cytoskeletal dysfunction could inhibit the synthesis and/or
transport of LH receptors to the cell membrane of Leydig cells,
thereby indirectly decreasing testosterone biosynthesis (25).
Estradiol is secreted by the ovarian follicles although there
is evidence that the adrenal gland is believed to secrete minute
quantities of estrogen (26). The decreased levels of estradiol and
progesterone reported in the ACR treated group may indicate
that ACR affects the ovarian follicles directly and/or indirectly
through the effects on the pituitary gland and decrease its secre-
tion of FSH which stimulates follicle growth and regulates the
conversion of androstendione to estradiol (27) as confirmed by
Mannaaetal. (28) who reported that acrylamide induced signifi-
cant decrease in the levels of estrogen and progesterone in rats.
Treatment with lipoic acid improved the changes in serum
male sex hormones induced by acrylamide. These findings cor-
related with Othman et al. (29) who demonstrated that lipoic
acid sustained the levels of cholesterol and sex hormone binding
globulin (SHBG) to those seen in the control rats. This finding
might be attributed to antioxidant milieu of LA which main-
tained a fine tuning of signal transduction mechanisms neces-
sary for normal function of hypothalamus-testicular axis lead-
ing to normal secretion of testosterone and sperm production.
Our results revealed regarding oxidative stress and anti-
oxidant status were in agreement with Alturfan et al. (30) who
mentioned that rats treated with acrylamide 40 mg/kg b.wt/
day for 10 days exhibited an increased tissue MDA level with
decreased level of GSH.
Enhancement of lipid peroxidation is a consequence of deple-
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tion of GSH to certain critical levels. There was a significant
decrease in thiol groups in lungs, kidney, brain, testis and liver
homogenates in male rats treated with acrylamide in a dose
dependent manner (31).

ACR is capable of interacting with vital cellular nucleophiles
possessing -SH, -NH2 or —~OH group. Therefore, it reacts with
GSH in a similar manner and forms glutathione S-conjugates,
which is the initial step in the biotransformation of electrophiles
into mercapturic acids (32). In the present study, decreased
GSH content and increased lipid peroxidation in tissues can
be explained by the reaction of ACR with GSH, which in turn
causes the depletion of GSH and the enhancement of lipid
peroxidation.

Mannaa et al. (28) showed that acrylamide caused a sig-
nificant decrease in total antioxidant and significant increase
in lipid peroxidation in brain homogenate in female rats. The
levels of oxidative stress indices and lipid peroxidation (MDA)
in the plasma of rats treated with acrylamide were significantly
increased while total antioxidant activity was significantly de-
creased compared with their levels in the controls (5).

Treatment of rats with LA showed an increase in the activi-
ties of antioxidant enzymes and reduced glutathione level with
a decrease in lipid peroxidation which might be attributed to
the antioxidant and oxidative damage repairing ability of LA
(8). Also, Othman etal. (29) reported a decrease in the levels of
TBARS and protein carbonyl with normalized levels of endog-
enous antioxidants and protection of reproductive markers in
the lipoic acid octylphenol treated rats compared to the control
rats. E-Beshbishy et al. (33) reported that co-administration of
lipoic acid 20 mg/kg orally for 14 days together with bisphenol
resulted in decreasing lipid peroxidation and increasing enzy-
matic and non-enzymatic antioxidants in rats.

The current study confirms the results of other studies (34)
who demonstrated that LA regulated the GST activity in the
hypothalamus and epididymal sperm and corrected their defi-
cient thiol status by increasing the level of GSH. Because LA is
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adithiol it can scavenge several ROS and also bind ferrous ions
to inhibit the generation of hydroxyl radicals (9). In addition,
LA can stimulate the recycling of tocopherol and ascorbic acid
(35) and in combination with its scavenging ability, maintain
levels of protein thiol and therefore modulated endogenous
antioxidants in the hypothalamus and epididymal sperm.

The maintenance of reproductive capacity requires proper
integrity of blood-testis barrier. Exposure to environmental
toxicants can lead to impairment of this barrier and, in turn,
can induce the generation of ROS leading to testicular oxidative
DNA damage and oxidative infertility. Since LA is water and
fat soluble antioxidant, therefore, it is distributed in both the
cellular membranes and the cytosol. Our study is compatible
with the earlier findings by others who reported that LA has
protective effect against adriamycin and lipopolysaccharide-
induced oxidative disruption of blood-testis barrier and tes-
ticular histological changes (8).

5. CONCLUSION

In conclusion, our results demonstrate for the first time that
in ACR induced oxidative stress, alpha-lipoic acid by inhibiting
the changes in male sex hormones and balancing oxidant-anti-
oxidant status protected the tissues and thus, supplementation
of alpha-lipoic acid may be useful in individuals who are at risk
to ACR toxicity.
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