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ABSTRACT

Objectives: Aroclor (AR) 1254; has many adverse effects on male
reproduction such as carcinogenic, teratogenic, immune and endocrine
disruption problems. Tetrandrine (TET), a bisbenzillisoquinoline alkaloid
isolated from the root of Stephania tetrandra S. Moore, has protective
effects such as immunomodulatory, anti-cancer, and anti-inflammatory.
The objective of this study was to investigate the possible curative effects
of TET therapy against testicular damage (histological, spermatological
and oxidative damage) induced by AR1254.

Materials and Methods: Twenty-eight male rats were randomly divided
into four equal-sized groups: a control group; (1 ml of corn oil by gastric
oral gavage), AR1254 group; (2 mg/kg) AR1254 administered
intraperitoneally), TET group; (TET by gastric oral gavage 30 mg/kg) and
AR 1254 + TET group;(Aroclor 1254 and TET administered together at the
same doses as the previous groups.

Results: The AR1254 treatment caused morphological and spermatological
damage on testis tissue; oedema vacuolization and congestion, in
interstitial area, reduction in spermatogenic cells, arrested spermatocytes
at different stages of spermatogenesis, shedding of spermatogenic serial
cells into tubular lumens, a decline in epididymal sperm concentrations,
sperm motility and a rise in abnormal sperm ratios. The AR1254
administration induced an increase in the oxidative parameters and a
decrease in enzymatic and nonenzymatic antioxidant levels. The TET
treatment significantly ameliorated histological, oxidative, and sperm
damage caused by AR1254.

Conclusion: This study demonstrated the protective effects of TET against
AR1254-induced male rat reproductive damage.
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Amag: Aroklor (AR) 1254; Kanserojenik, endokrin bozucu, nérotoksik,
imminstpresif, teratojenik etkileri olan polilklorlu bifenil bilesigidir.
Stephania tetrandra S. Moore’un kdkiinden izole edilen bir bisbenzillizoki-
nolin alkaloid olan Tetrandrin (TET) ise immunomodiilator, anti kanser,
anti-inflamatuar etkilere sahiptir. Bu galisma, AR1254’Gin neden oldugu
testis hasarina (histolojik, spermatolojik ve oksidatif hasar) karsi TET teda-
visinin koruyucu, iyilestirici etkilerini gostermek amaciyla planlandi.
Materyal ve Metot: Calismamizda 28 adet Sprauge-Dawley cinsi siganlar
kullanildi ve rastgele segilerek 4 gruba ayrildi. (n=7) Gruplar sirasiyla:
Kontrol grubu; (1 ml misir yagi gastrik gavaj ile), AR1254; (2 mg/kg/gin
intraperitonal yolla), TET grubu 30 mg/kg/gin gastrik gavaj ile),
AR1254+TET grubu; Aroclor1254 ve TET grubuna uygulan dozlar ayni sekil-
de uygulanarak olusturuldu. Deney siresi sonunda siganlardan alinan
testis dokulari histopatolojik ve biyokimyasal yontemlerle analiz edildi.
Bulgular: AR1254 uygulamasi sonucunda sigan testis dokusunda interstis-
yel alanda; vakuolizasyon, 6dem, vaskiiler konjesyon, spermatogenik hiic-
relerde; azalma, b6liinmenin herhangi bir evresinde duraksama ve lime-
ne dokilme, epididimal sperm konsantrasyonunda, sperm hareketliliginde
azalma ve anormal sperm oranlarinda ise artis gozlendi. AR1254 uygula-
masi oksidatif stres parametrelerinde artisa ve buna karsilik antioksidan
seviyelerinde ise azalisa sebep oldu. Uygulanan TET tedavisi, AR1254’in
neden oldugu histolojik, oksidatif ve sperm hasarini 6nemli élgtide iyiles-
tirdi.

Sonug: Bu galismada, erkek sicanlarda AR1254 ile olusturulan testis doku-
su hasarina karsi TET’in koruyucu ve iyilestirici etkileri gosterildi.

Anahtar kelimeler: Aroklor1254, testis, tetrandrin, sican, kaspaz-3
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are chlorine compounds
with the formula C12H10-xClx which are the most perma-
nent in nature among all known chemicals (1). Owing to the-
ir excellent physicochemical properties of stability, uninflam-
mability, vis-cosity and electrical insulation, they are used in
the production of capacitors, transformers, hydraulic pumps,
printing ink, paints, pesticides and electrical insulating liqu-
ids (2). It is known that they tend to accumulate in the food
chain and fatty tisues due to their lipophilic properties and
cause environmental contamination and threaten human
health (3,4). PCBs are taken into the body through the res-
piratory system and gastrointestinal tract and transferred
through the blood to the liver and other organs (5). The
carcinogenic, immune suppressor, neurotoxic, hepatoxic and
teratogenic effects of PCBs and their disruptive effects on
the endocrine system have been shown in previous studies
(2, 5) PCBs cause endocrine disorders by mimicking steroid
hormons such as estrogen. Thus, they accumulate in ste-
roid producing organs such as adrenal glands, testes, and
ovaries (6).

Aroclor 1254 which is a mixture of PCBs, is one of the com-
mon factors causing environmental pollution. Many previous
studies demonstrated that AR1254 has detrimental effects on
the male reproductive system (7). An exposure to AR1254 can
cause dysregulation in gonadotropin and steroid hormone le-
vels, metabolic dysfunction in Sertoli cells, decreased luteini-
zing hormone (LH) receptor density and steroidogenic enzyme
activity in Leydig cells, and a decrease in weight of testis and
male accessory glands (7-10). In addition, it can cause a decli-
ne in sperm motility and quality (9, 11) and deterioration may
occur in testicular tissue (12,13).

Tetrandrin is an alkaloid isolated from the Radix Stephania tet-
randra plant which is used for traditional Chinese medicine (14,
15). TET has anti-inflammatory, immunomodulator, antioxidant,
anti-cancer and anti-apoptotic effects and it is defined as a
calcium-channel blocker. It has been reported that Tetrandrin
showed its apoptotic effects in cancer cells by activating death
receptors and FAS ligand. Also it has been shown that Tetrand-
rine activates caspase -3 to induce apoptosis in hepatic stellate
cells (16, 17). Chemotherapeutic agents which are used as the
main treatment method against cancer, cause lots of damage
in human beings such as fertility problems, nerve and muscle
problems and weight changes. Plant species have been used in
medicine for many years. Because of the side effects of chemot-
herapeutic agents used in cancer treatments, today’s studies
focus on plant -drug therapy.

As a result this study planned to investigate possible curative ef-
fects of TET treatment on AR1254 induced testicular damage in
rats. For this purpose, histological damage, morphologic chan-
ges, oxidative stress and sperm parameters were evaluated.

MATERIALS AND METHODS

Chemicals
Aroclor 1254 (ampule of 50 mg, CAS No:11097- 69-1), Tetrand-

rine (CAS No: 518-34-3) and the other complementary chemi-
cals were obtained from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA).

Animals

Twenty eight healthy adult male Sprague Dawley rats, (3—4
months, 200-250 g) were obtained from the Experimental Ani-
mal Institute (Malatya, Turkey). Animals were fed ad libitum
with standard laboratory pellet chow and kept under standard
conditions. This study was approved by Inonu University,- The
Institutional Animal Ethical Committee- (Malatya, Turkey).
(Date: 28 January 2014 and Protocol no: 2014/A-01)

Experimental Design

We determined the doses of Aroclor 1254 (AR1254) and tet-
randrine (TET) based on previous studies. In these studies,
AR1254 was intraperitoneally (i.p.) given to the rats at the dose
of 2 mg /kg/day (6, 13, 18). and TET was given to the rats at
dose of 30 mg/kg/day (19, 20).

All Sprague Dawley rats were randomly divided into four groups
as control (n=7), AR1254 (n=7), TET (n=7) and AR1254+TET(n=7)
groups in this study.

1 ml of corn oil (the solvent of AR1254 and TET) was adminis-
tered by gastric oral gavage to the control group;

AR1254 was administered intraperitoneally (i.p) (2mg/kg/day)
to the AR1254 group.

TET was administered 2mg/kg/day with gastric oral gavage (30
mg/kg/day) to the TET group.

AR1254 was administered i.p. (2mg/kg/day) and TET was admi-
nistered 30mg/kg/day with gastric oral gavage to the AR1254
+TET group.

At the end of the experimental protocol (four weeks) all rats
were anesthetized (mixture of ketamine hydrochloride). The
left and right testis tissue samples were removed for bioche-
mical and histopathological analysis.

Light Microscopic Examinations

For light microscopic evaluation, testis tissue samples in all gro-
ups were fixed in 10% neutral formaldehyde embedded in paraf-
fin and sectioned apart. Hematoxylin and eosin (H&E) staining
were applied on sections mounted on a slide. All testis tissue
samples were analyzed with a light microscope and an ima-
ge analysis system (Leica). The seminiferous tubule diameters
and germinal epithelial thickness were measured by counting
100 seminiferous tubules. The tubule diameters were determi-
ned by taking micrographs at 20x magnification and taking the
average of the horizontal and vertical diameters of the round
tubules on the screen. The tubular epithelial thickness was de-
termined by randomly selecting three regions of the intratu-
bular epithelium in each micrograph at 20x magnification and
taking the average of these three values for each tubule (Table
1). For Histological scoring 10 different areas were examined
and intact seminiferous tubules, atrophic, and degenerated
tubules were evaluated (Table 2).
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Table 1: Tubular diameter and germinal layer thickness
measurements after administration of AR1254 and/or TET
in study groups

Tubuler epithelium

Groups Tubule diamater thickness

Control 303.45+2.99° 80.18+0.66°
AR 1254 267.5612.44° 53.57+0.64°
TET 299.62+3.39° 78.94+0.71°
AR1254 + TET 287.24+3.18¢ 69.37+0.62¢

2: There was no difference between control and TET, ®: Shows that AR1254
differs from all groups. ©: Shows that AR1254 + TET differs from all groups
(p<0.0001)

Table 2: Proportion of normal, degenerated and atrophic
seminiferous tubules after AR1254 and/or TET
administration in study groups

Groups Normal Degenerate Atrophic

Control 3.33+0.09° 0.15+0.05° 0.38+0.06°
AR 1254 0.17+0.05° 0.40+0.08° 3.88+0.14°
TET 2.68+0.07¢ 0.18+0.05°¢ 0.65+0.08°
AR 1254 + TET 1.85+0.12¢ 0.33+0.07¢ 1.13+0.10¢

2: There was no difference between control and TET, ®: Shows that AR1254
differs from all groups. ©: Shows that TET differs AR1254, and AR1254+TET
groups, % Shows that AR1254 + TET differs from all groups (p<0.0001)

Immunohistochemical analysis

After deparaffinization and rehydration procedures, slides were
boiled in the citrate buffer (pH 7.6) and washed with phospha-
te-buffered saline (PBS). Respectively, sections were incubated
in 3% H202, (7 min) primer antibody (caspase-3-) (2 hours),
Biotinylated Goat Anti Polyvalent (10 min), streptavidin peroxi-
dase(10 min) and chromogen (15 min) Then slides were applied
with Mayer’s hematoxylin (1 min) stained sections were analy-
zed with light microscope and an image analysis system (Leica).

Evaluation of sperm parameters

Testis, epididymis, seminal vesicle, and prostate tissues were
removed, weighed and values of weights parameters and
sperm parameters were evaluated in all groups.

The Hemocytometer method was used for determination of
epididymal sperm concentration. The cauda epididymis was
used for sperm motility evaluation (21). All epididymal sperm
cells (200x magnification) and percentage of sperm motility
(400x magnification) were evaluated using a light microsco-
pe (Leica). To evaluate the percentage motility score of sperm
cells, the slides were stained with eosin—nigrosin (1.67% eosin,
10% nigrosin and 0.1M sodium citrate) and analyzed at 400x
magnification. Three hundred spermatozoa were randomly
selected on each slide and head, mid, tail and total morpholo-
gically abnormal spermatozoas ratios were presented as per-
centages (21, 22).

Biochemical Analyses

Homogenized testis tissues were used for biochemical para-
meters. For determination of TBARS levels, testis tissues were
evaluated spectrophotometrically at 532 nm (23). The reduced
glutathione (GSH) level was measured at 412 nm (24). Catala-
se (CAT) activity was determined using the method defined
by Aebi et al. (25). The superoxide dismutase (SOD) activity
was determined using the method defined by Sun et al. (26).
The SOD activity was evaluated by the nitroblue tetrazolium
(NBT) method and measured by spectrophotometer at 560 nm.
For determination of the glutathione peroxidase activity (GPx)
the Beutler method was used (27). The GPx activity measured
spectrophotometrically at 340 nm.

Statistical analysis

Histological values were analysed using the SPSS 13 statistical
program. Since our data are suitable for non-normal distribu-
tion, we used the Kruskal-Wallis test for comparison between
groups. The significance of differences between the groups
were evaluated by pair wise comparisons with the Mann-
Whitney U test. All data were presented as the arithmetic mean
+ standard error (SE), p < 0.0001 were regarded as statistically
significant.

Biochemical and Spermatological values were analysed using
the “SPSS for Windows 12.0” statistical program. Since our data
are suitable for non-normal distribution, we used the Kruskal—
Wallis test for comparison between groups. The significance of
differences between the groups were evaluated by pair wise
comparisons with the Mann-Whitney U test. All data were pre-
sented as the arithmetic mean * standard error (SE), p< 0.05
were regarded as statistically significant.

RESULTS

Histological results

Hematoxylin and eosin applied testis tissue sections in all gro-
ups were evaluated in general morphology. In both the control
and TET group; seminiferous tubule’s interstitial cells and ger-
minal epithelium, exhibited normal histological appearances
as shown in Figure (1A, 1B). However, in the AR1254 group
histopathological lesions such as tubular degeneration, vascu-
lar congestion in tunika albuginea layer and interstitium Figure
(1C, 1D), vacuolisation Figure (1E) interstitial oedema, tubular
degeneration Figure (1F), reduction in spermatogenic cells,
Figure (1G), and arrested spermatocytes at different stages
of spermatogenesis Figure (1H) were observed. The TET tre-
atment showed ameliorative effects on the AR1254 induced
testes toxicity Figure (11, 1J, 1K, 1L). Histopathological chan-
ges analyzed in the AR1254+TET group were milder than the
AR1254 group. Compared with the AR1254 alone group, vascu-
lar congestion, interstitial oedema and vacuolisation, the rate of
arrested spermatocytes in different stages of spermatogenesis
and shedding of spermatogenic serial cells into tubular lumens
were decreased markedly in the AR1254+TET group. Curative
effects were observed in testicular tissues of all animals in the
AR1254+TET group.
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Figure 1: Testis tissue showed normal histological appearance in Control (A) and Tetrandrine (B) groups. Germinal
epithelium, seminiferous tubules and interstitial cells exhibited normal histological appearances. H&E; X20 In AR1254
group (C-H) in testis tissue, vascular congestion in tunika albuginea and in interstitial area and deterioration in semini-
ferous tubules (white arrows) (C, D), vacuolization in the in interstitial area (white arrows) (E), interstitial oedema
(white asteriks), and tubular degeneration (black arrows) (F), deterioration in the seminiferous tubule epithelium and
shedding of spermatogenic serial cells into tubular lumens (white arrows) (G) , arrested spermatocytes at different
stages of spermatogenesis (H), C: H&E; x20. D: H&E; x10, E, F, G, H: H& E; X40. In TET+ AR1254 group (I-L) deterioration
in seminiferous tubules, vascular congestion and oedema in interstitial area () shedding of spermatogenic serial cells
into tubular lumens (white arrows) (J), the rate of arrested spermatocytes at different stages of spermatogenesis (white
arrows) (K) and interstitial vacuolisation (white arrows) (L) was decreased markedly), A: H&E; x20., B, C, D: H& E; X40.

In morphometric measurements the germinal layer thickness
and the tubular diameter of the control and TET groups did not
exhibit any signifcant differences as shown Table 1. A significant
decrease was observed in seminiferous tubule diameters of the

CONTROL

AR 1254

Figure 2: Caspase-3 immunoreactivity in semi-
niferous tubules of Control (A), AR 1254 (B), AR
1254+ TET (C) and TET (D) groups. Caspase-3; X40.

groups treated with AR1254 (p<0.0001). TET reduced the morp-
hometric effects of AR1254; with p- value of (p <0.0001). Tes-
ticular seminiferous tubules were analyzed as intact (normal),
degenerated, and atrophic tubules. The higher rates of atrophic
tubules in the AR1254 group decreased significantly with TET
treatment as shown in Table 2. Curative effects were observed
in testicular tissues of all animals in the AR1254+TET group

Immunohistochemical results

Immunoreactivity of Caspase-3 in seminiferous tubule cells
were evaluated. Caspase-3 positive cells were not detected in
the TET and control groups. The intensity of caspase-3 positive
cells was dramatically high in the AR1254 group. The ratio of
immunoreactive caspase-3 positive stained cells was less in the
AR1254 + TET group as indicated in Figure 2A,B,C,D.

Organ weights and sperm parameters

As shown in Table 3, there was no statistically significant dif-
ference in weight data among all groups (testis, epididymis,
seminal vesicle, prostate tissues).

Sperm parameters in all groups were presented in Table 4. The
results showed that AR1254 caused a decrease in epididymal
sperm concentrations and sperm motility and an increase in ab-
normal sperm ratios. The TET treatment significantly increased
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Table 3: Testis weights, epididymal weights, seminal vesicle weight and prostate weights in study groups

Seminal vesicle

Groups Testis weight (g) Epididymal weight (g) weight (g) Prostate weight (g)
Right Left Right Left
Control 1.285+0.02 1.307+0.03 0.615+0.03 0.571+0.04 1.419+0.09 0.486+0.03
AR1254 1.330+0.05 1.348+0.043 1.348+0.043 0.547+0.03 1.365+0.09 0.498+0.02
TET 1.350+0.04 1.36240.02 1.36210.02 0.509+0.01 1.224+0.10 0.430+0.03
AR1254 + TET 1.362+0.06 1.414+0.03 1.414+0.03 0.609+0.01 1.069+0.01 0.374+0.03
There was no statistically significant difference in weight data among all groups
Table 4: Epididymal sperm concentration, sperm motility and abnormal sperm rate in study groups
Epididiymal Abnormal sperm rate (%)
Groups Sperm motility(%) sperm concentration
(million g/tissue) Head Tail Total
Control 85.73+2.08° 234.50+8.48° 4.57+0.29° 4.42+0.29° 9.00+0.37
AR1254 58.85+1.85° 139.2816.77° 9.85+0.50° 8.85+0.59° 18.71+0.47
TET 92.85+1.48° 301.7845.28¢ 4.57+0.29* 4.14+0.45° 8.71+0.68
AR1254 + TET 80.57+1.25° 185.7148.75¢ 7.28+0.47¢ 6.85+0.55¢ 14.14+0.82

It shows the statistical difference (p<0,01) between groups a,b,c and d in the same column.

sperm motility and concentration, but the ameliorative effect
of on abnormal sperm ratios were not statistically significant.

Biochemical results

The biochemical parameters are presented in Table 5. As a re-
sult of oxidative damage, the testicular TBARS level was signi-
ficantly increased in the Aroclor 1254 group. Administration of
AR1254 caused a statistical decrease in the GPx, SOD, CAT and
GSH levels. TET treatment resulted in a significant decrease in
the TBARS level and an increase in the GPx SOD, CAT and GSH
levels in the TET +AR1254 group. There was no statistical dif-
ference in biochemical parameters between the control group
and the TET group.

DISCUSSION

Water resources in the world have become a threat to human
health depending on the behavior of people towards natu-
re. Polychlorinated biphenyls, which are used in industry and
agriculture, are transmitted into the environment by mixing
sewage and chemical wastes into the water (6). Due to their
persistence in nature and their accumulation in the fat tissu-

es of animals and humans, by contaminating the food chain,
they pose many negative effects on nature and human health
(28, 29).

In this study Aroclor 1254 was used as a toxic agent in order to
induce testicular damage under experimental conditions. The
ameliorative effects of TET on the reproductive system were
investigated based on histological, spermatological and oxidati-
ve parameters to provide a novel pharmacological perspective
in attempts to promote reproductive health.

Many studies have shown that AR 1254 and other PCB compo-
unds cause reproductive damage through histological, sperma-
tological and biochemical changes and damage to the testicular
structures (9, 11, 30, 31). Hsu et al. demonstrated that PCBs led
to a decrease in motility, concentration and sperm attachment
to oocyte and penetration and an increase in abnormal sperm
rate (30). Likewise, Erkekoglu P. et al showed that an AR1254
(15 mg/kg) injection resulted in a decrease in epididymal sperm
concentrations, sperm motility and testis tissues weight (32).
In another study, Moreno et al. reported an increase in sperm
abnormalities and a significant reduction in sperm count in

Table 5: The levels of SOD, CAT, GPx, GSH and TBARS in testicular tissue of rat in study groups

Control AR1254 TET AR1254 + TET
(MeanzSD) (MeanzSD) (MeantSD) (MeanzSD)
TBARS(nmol/g tissue) 5.31+0.91° 8.70+1.03° 4.98+0.81° 6.051£0.14°¢
GSH (nmol/ml) 130.2+4.7* 89.645.2° 143.146.1° 125.8+4.5¢

CAT (k/mg protein) 0.034+0.005°

SOD (U/mg protein) 42.1+2.01°

GPx (U/mg protein) 247.1+23.22

0.019+0.002°
24.6+2.69°
171.4+19.1°

0.039+0.007°

39.9+1.97?

219+21.7¢

0.024+0.003 ¢
33.6+2.41°¢
198.7+20.3¢

It shows the statistical difference (p<0,01) between groups a,b,c in the same column
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mice with AR 1254 (50/500 pg/kg) whereas there was no me-
aningful change in testicular and epididymal weights (33). Simi-
larly, previous studies found that the administration of AR1254
caused a reduction in epididymal sperm concentration, sperm
motility and increased abnormal sperm ratios and there was no
statistically significant difference in testes, epididymis, seminal
vesicle and prostate weights. In the AR1254+TET group, a re-
markable increase in sperm quality, motility and concentration,
and reduction in the abnormal sperm ratio (Head, tail, total)
were observed. Administration of TET significantly ameliorated
the toxicity of AR1254 in spermatogenesis.

It has been indicated in previous research that PCBs exposure
led to morphological damage in testicular tissues (12, 13, 33,
34). Jia X et al. showed that; AR1254 administration in rats (1
or 3mg/kg 21 days) and primer culture Sertoli cells (5 or 10ug/
ml - 48h) could cause the blood—testis barrier disruption via
p38 MAPK pathway (34). Sangalang et al. indicated that AR
1254 led to histopathological damages such as disorganizati-
on in testicular lobules and spermatogenic cells, reduction of
spermatogenesis, fibrosis and necrosis of the lobule walls (35).
Oskam et al. reported that degenerative seminiferous tubu-
les, decrease in seminiferous epithelial thickness, increase in
intercellular spaces, and deterioration in spermiogenesis and
cells with pycnotic nuclei in testicular tissue (36). In addition,
Atessahin et al. reported a reduction in spermatogenic cells, de-
generation, desquamation, disorganization, interstitial oedema
and congestion in seminiferous tubule of rats treated with AR
1254 (13). Consistent with the findings of previous studies, this
research observed that tubular degeneration and reduction in
spermatogenic cells, arrest spermatocytes at different stages
of spermatogenesis, the shedding of spermatogenic serial cells
into tubular lumens, vascular congestion in tunika albuginea
layer and interstitium, interstitial oedema and vacuolization in
testis tissue were induced with AR1254 administration. More-
over this study observed that AR 1254 administration caused a
decrease in tubular diameter and tubular epithelial thickness si-
milar to Atessahin et al findings (13). In the AR1254+TET group,
TET treatment significantly improved testicular damage. Tubu-
lar epithelial thickness and tubular diameter values increased
significantly compared to the AR1254 group. The mechanism
underlying the therapeutic effects of TET on testicular tissue is
not yet clear, but it may be related to inducing autophagy and
cell cycle arrest, inhibiting oxidative stress, improving metas-
tasis and suppressing tumor cell growth (37).

Apoptosis is a physiological process of cell death that plays a
crucial role in homeostasis. Apoptosis is characterized by DNA
fragmentation, nuclear fragmentation, chromatin condensa-
tion, and cell shrinkage. Although apoptosis is thought to be
a homeostatic mechanism for maintaining cell populations in
tissues, previous studies have shown that many factors are in-
volved in this process, including reactive oxygen species, death
factors, and toxic agents. The imbalance of these factors leads
to the formation of autoimmune diseases, neurodegenerative
diseases and many types of cancer (38). Mitochondrial damage
from oxidative stress, a potent mediator of apoptosis, causes

cytochrome C release, caspase activation, and apoptotic de-
ath. Caspases initiate apoptosis by activating the proteolytic
cleavage cascade. Caspase 3, a protease that is activated in the
early stages of apoptosis, is one of 14 members of the caspase
family (39). It is known that PCB 132 and AR1254 administrati-
ons increase pro-apoptotic molecules caspase-3 and caspase-9
activities in testicular tissue of rats (13, 30, 40). Studies have
shown that TET initiates apoptosis by inducing caspase-3 acti-
vation in tumor cell lines. In vitro, administration of TET at high
concentrations induces apoptosis in hepatocellular carcinoma
cells, while administration at low concentrations stimulates au-
tophagy and has an antitumor effect (41, 42). Apoptotic cells
were evaluated by caspase-3 immunoreactivity in our study.
Compared to AR1254+TET, the intensity of caspase-3- positive
staining was higher in the AR1254 group. The decrease in the
rate of apoptotic cells in the TET + AR1254 group can be exp-
lained by the inhibition of oxidative stress by TET.

Oxidative stress is defined as disruption of the balance between
antioxidants and reactive oxygen species (ROS). The effect of
the antioxidant system protects cells from damage caused by
free radicals. TBARS, which formed as a result of peroxidation of
lipid and causes damage to cells, is one of the most important
markers of oxidative stress. Due to high content polyunsatu-
rated fatty acids, testis tissue is under the effects of oxidative
stress (43,44). It is known that antioxidant parameters such
as SOD, CAT, GPx, GSH reduces free radicals and protects cells
against adverse effects of lipid peroxidation. Previous studies
showed that Ar1254 application causes an increment in TBARS
level and reduction in CAT, SOD, GR, GPx and GSH activities in
testis tissue (8, 9, 13, 45). It has also been reported that an-
tioxidant treatments such as Vitamin E, vitamin C, quercetin,
zing, lycopene and ellagic acid in conjunction with the Aroclor
administration reduce the level of TBARS and increase activities
of CAT, GSH, GSH-Px and SOD (9, 13, 45 -47). Similarly to the
findings of previous studies with Aroclor 1254 administrati-
on, we have observed remarkable increase in TBARS level and
significant decrease in GSH, CAT, GSH-Px, SOD, levels. In the
AR+TET group, TET reversed toxic damage of AR1254, TBARS
level decreased, SOD, CAT, GSH-Px and GSH levels increased
significantly. A review of literature indicated that, there are
no previous studies focusing on the mechanism underlying
the protective effect of TET against oxidative stress induced
by AR1254 in testis tissue. However, it has been reported that
TET, a calcium-channel blocker, inhibits lipid peroxidation in
the heart, liver, pancreas and brain tissues, reduces the levels
of reactive oxygen species (ROS), and suppresses the formati-
on of cytokines and inflammatory mediator(17, 48-50). These
findings correlate with the results of biochemical parameters
evaluating oxidative stress in our study.

As a result, administration of AR1254 led to histopathological
changes, increased apoptotic cells count, abnormal sperm ra-
tios and decreased sperm concentrations and motility, which
are caused by oxidative damage. TET treatment significantly
reduced the disrupting effects of AR1254, due to its strong an-
tioxidant, radical eliminating and anti-inflammatory properties.




Ozdemir et al. The Protective Effects of Tetrandrine Against to Damage Induced by Aroclor 1254 on the male rats reproductive system
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(1):80-87

The literature review process of this research indicated that
no research has been conducted on the effects of TET on the
male reproductive system. The results of this study suggested
that TET treatment may be used against AR1254 induced male
reproductive toxicity.
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