
Trichlorethylene (TCE) is a chlorinated hydro-
carbon that is generally used as a solvent in the in-
dustrial process of metal degreasing. The major 
contributors to human exposure of TCE are a number 
of commercial products such as parquet cleaning so-
lutions, stain removers, surface adhesives, and wood 
paints.1 Owing to environmental contamination, TCE 
is not found in natural habitat even though it could 
be detectable in air, surface and underground water.2 

Therefore, human exposure in general population can 
occur through ingestion, inhalation or transdermal ab-
sorption. The degradation rates of TCE differ ac-
cording to its physical state and concentration. TCE 
evaporation from surface water produces TCE vapor 
in the air with a half-life of one to eleven days.3  

Several studies have confirmed that exposure to 
TCE leads to oxidative damage in several tissues such 
as kidney and liver.4 Toxic reproductive outcomes 
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have as well been recognized in reproductive tissues 
which include ovary and testis.5,6 In an experimental 
animal model, the liver is the main target organ for 
the TCE toxicity.7 The major pathway of TCE me-
tabolism is the cytochrome P450 enzyme-mediated 
oxidation. CYP2C11/6, CYP2B1/2, CYP2E, and 
CYP1A1/2 are the primary CYP isoforms involved 
in the metabolism of TCE. CYP2E1 has a signifi-
cantly higher affinity for TCE among these CYP iso-
forms.8 Besides; a second route could metabolize 
TCE by conjugating glutathione, and this pathway 
could be important in the kidneys.9 The degradation 
of TCE into more toxic and bioactive products could 
as well take place in the female reproductive system 
as a result of the existence of these two pathways in 
the ovarian tissues.10 It has been proposed that TCE 
could exert toxic effects by means of oxidative 
stress.11 

Vitamin D3 is the active metabolite of vitamin D 
and it has several biological roles.12 Numerous stud-
ies have demonstrated the benefits of vitamin D3 in-
cluding cancer protection, immune system regulation, 
and endocrine diseases.13,14 Anti-oxidative effects of 
vitamin D3 due to inhibition of lipid peroxidation in 
some tissues such as brain and liver were also re-
ported both in vitro and in vivo studies.15,16 There is, 
however, no study on the therapeutic impact of vita-
min D3 in the female reproductive system against the 
oxidative damage caused by TCE toxicity.  

This study aims to demonstrate the toxic effects 
of TCE on ovarian tissues and evaluate the beneficial 
effects of vitamin D3 on experimental TCE-exposed 
rat ovaries by using histopathological and immuno-
histochemical analyses. 

 MATERIAL AND METHODS 

Study deSıgn 

In accordance with the animal ethics guidelines of the 
Fırat University Institutional Animals Ethics Com-
mittee (Approval No. 24-221), experiments were car-
ried out. All animals that were involved in 
experiments have received humane care in compli-
ance with the Guide for the Care and Use of Labora-
tory Animals (www.nap.edu/catalog/5140.html). In 
this experiment, we used 24 healthy adult female 

Wistar albino rats with the age of eight to ten months 
that were acquired from the Experimental Animal In-
stitute Elazig, Turkey. These animals were preserved 
in polypropylene rat cages that were disinfected at 
controlled conditions of temperature (21±2°C) under 
a 12 h light-dark cycle. There were six rats in each 
cage. Water and food were given ad libitum. Rats 
were randomly divided into four equal groups (n= 6 
for every group) as shown: vitamin D3 (50 IU/day), 
TCE (1000 mg/kg/day), control (sham-operated) and 
vitamin D3+TCE (50 IU/day and 1000 mg/kg/day 
correspondingly). Vitamin D3 and TCE were dis-
solved in corn oil and orally administered by gavage 
for twenty-one days. The determination of the dose 
for TCE dose and the period of vitamin D3 treatment 
were based on prior studies.17 Following the period 
of treatment, the animals were euthanized by using 
lethal intraperitoneal pentobarbital dose (Bioveta, 
Ankara, Turkey), and the ovaries were removed with 
the purpose of histopathological and immunohisto-
chemical analyses. A deep freezer was used in stor-
ing tissue samples at −80 °C before carrying out the 
tissue analyses. 

Surgıcal ProcedureS 

With the use of aseptic procedures, all surgical inter-
ventions were carried out in a suitable laboratory set-
ting. Using an intramuscular injection of xylazine (10 
mg/kg) and ketamine (50 mg/kg), the rats were anes-
thetized. After that, the rats were placed in supine po-
sition, and the surgical field was sterilized and 
covered using drapes that were disinfected. In order 
to avoid hypothermia, the surgical procedures were 
performed at 36 ± 1 °C ambient temperature. In order 
to reveal the ovaries, a longitudinal midline incision 
was undertaken in the suprapubic area at roughly 2 
cm. The ovarian tissues were then extracted and 
transferred for dissection straightaway to ice-cold 
glass. 

HıStoPatHologıcal examınatıon 

For histopathological evaluation, the ovarian tissues 
were fixed with 10% formaldehyde solution. Em-
bedded tissues were cut into sections of approxi-
mately 4-6 µm thick. On the other hand, Masson 
Trichrome staining was carried out. These sections 
were histopathologically examined with the use of a 
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light microscope (Olympus BX51; Japan, Tokyo, 
Olympus Corporation). The characteristics of germi-
nal epithelium degeneration, follicular degeneration, 
and corpus luteum angiogenesis were assessed and 
scored severe (3), moderate (2), mild (1), and none 
(0) according to their histopathological status. Nine 
was the highest score. For each rat, scoring was per-
formed, and for each group, mean values were deter-
mined. Furthermore, the primordial follicle’s oocyte 
nucleoli in every ovarian tissue were computed to 
evaluate ovarian reserve. Consistent with the stan-
dards of morphology, ovarian follicles were classi-
fied as Gougeon reports.18 

ımmunoHıStocHemıcal analySıS 

The complex technique of Avidin-Biotin-Peroxidase 
was applied in determining malondialdehyde (MDA) 
immunoreactivity of ovarian tissues. There are seg-
ments, which had a breadth of 4-6 μm, divided into 
polylysine slips, that were taken from paraffin blocks. 
For antigen retrieval, the deparaffinized tissues were 
passed via a series of graded alcohol and boiled in the 
microwave oven in citrate buffer solution for 10 min-
utes, at (750W), pH: 6. After washing with PBS 
(Phosphate Buffered Saline), it was incubated with 
hydrogen peroxide block solution for 5 minutes to 
prevent the activity of endogenous peroxidase (Hy-
drogen Peroxide Block, TA-125-HP, Lab Vision Cor-
poration). Five minutes later, Ultra V Block (USA, 
TA-125-UB, Lab Vision Corporation,) solution ap-
plication, was incubated using a primary antibody of 
1/200 dilution (ab6463, Anti-MDA antibody, Abcam, 
Cambridge) for 60 minutes at room temperature. 
Leica DM500 microscope was applied in evaluating 
preparations. Following administration of the primary 
antibody, washing of tissues with PBS was done in 
3x5 minutes and incubated for 30 minutes with sec-
ondary antibody at room temperature (biotinylated 
Goat Anti-Polyvalent (rabbit IgG/anti-mouse), TP-
125-BN, USA, Lab Vision Corporation). Tissues 
were washed with PBS for 3x5 min after application 
of secondary antibody, incubated with Streptavidin 
Peroxidase (TS-125-HR, Lab Vision Corporation, 
USA) for 30 minutes at room temperature and then 
taken into PBS. The tissues were then added a solu-
tion of 3-amino-9-ethyl carbazole (AEC) Substrate + 
AEC Chromogen (TA-015, AEC Substrate, and TA-

002-HAC, AEC Chromogen, USA, HAS, Lab Vision 
Corporation), before taking the image signal under 
the light microscope and instantaneously washing 
using PBS. Mayer’s hematoxylin stained tissues were 
passed via distilled water and PBS before sealing 
with suitable closure solution (the USA, Large Vol-
ume Vision Mount, Lab Vision Corporation, TA-
125-UG). 

The formation of histoscore based on the preva-
lence (0.1: <25%, 0.4: 26-50%, 0.6: 51-75%, 0.9: 76-
100%) as well as severity (0: none, +0.5: very little, 
+1: low, + 2: moderate, +3: severe) of immunohisto-
chemical staining. The computation of histoscore was 
performed as prevalence X severity. 

Power analySıS 

Power analysis suggested that at least 6 rats should 
be included in each group if the greatest between-
group difference in MDA level was 2.2 ng/mL, the 
standard deviation was 1.8 ng/mL, the type I error 
0.05, and the type II error 0.20.16 

StatıStıcal analySıS 

The presentation of all data was mean ± standard de-
viation. For all data analysis, the statistical software 
Statistical Package for the Social Sciences, SPSS Inc, 
version 22.0, New York, USA (SPSS) was applied. 
With the use of Kruskal-Wallis variance analysis, his-
tological outcomes were analyzed when more than 
two groups were compared. The Bonferroni post hoc 
test was used to perform pairwise comparisons of 
groups. Group means were compared with the use of 
the Mann-Whitney U test for comparing two groups. 
P values, < 0.05 that were considered to be signifi-
cant. 

 RESULTS 

The control (Figures 1a, 1b, 1c) and Vitamin D3  
(Figures 1d, 1e, 1f) groups were similar and ovarian 
tissues appeared normal under light microscopy by 
Masson’s trichrome staining. When compared with 
the control group; we observed significantly reduced 
angiogenesis in the corpus luteum (red arrow) (Figure 
1g) (p = 0.004), degeneration of the germinal epithe-
lium (red arrow) (Figure 1h) (p = 0.002), reduction 
in ovarian follicle reserve (p = 0.002) and increased 
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follicle degeneration (follicular cell loss + follicular 
fluid increase) (red arrow) (Figure 1i) (p = 0.002) in 
the TCE group. There was no significant difference in 
corpus luteum angiogenesis (Figure 1j) (p = 0.589) 
and ovarian reserve (p = 0.180) but significant im-
provement was observed in germinal epithelium  
(Figure 1k) (p = 0.015) and follicle degeneration 

(Figure 1j, Figure 1l) (p = 0.009) in the TCE + vita-
min D3 group compared with TCE group. Table 1 il-
lustrates the groups’ histopathologic scores. 

As a result of the examination of immunohis-
tochemical staining for MDA immunoreactivity 
under light microscopy; MDA immunoreactivity 
was observed in the stromal area of ovarian tissues 
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FIGURE 1: Normal histological appearance of germinal epithelium, corpus luteum and ovarian follicle in the control group (1b, 1a, 1c, in that order) as well as 
vitamin D3 group (1e, 1d, 1f, correspondingly).  Degeneration of follicles (1i), decreased angiogenesis in the corpus luteum (1g), reduction of ovarian follicle re-
serve and degeneration of germinal epithelium (1h) shown is demonstrated by the red arrow in TCE group. Significant amelioration in follicle degeneration (1l), 
recovery in the germinal epithelium (1k) and improvement in the angiogenesis of corpus luteum (1j). (Scale bar = 50 𝜇m).



in all groups (black star). MDA immunoreactivity 
was similar in the control (Figure 2a) and vitamin 
D3 (Figure 2b) groups (p= 0.345). TCE exposure 
significantly increased MDA immunoreactivity in 
the ovarian tissue (Figure 2c) compared with the 
control group (p= 0.002). MDA immunoreactivity 
was significantly decreased in ovarian tissues in the 
TCE + vitamin D3 group compared with the con-
trol group (Figure 2d) (p= 0.002). Table 2 illustrates 

the MDA immunoreactivity histoscores of every 
group. 

 DISCUSSION 

In mammals, synthetic and natural chemicals could 
have an impact on the female reproductive system 
and could bring about a number of complications 
which comprise anovulation, menstrual abnormali-
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Corpus luteum angiogenesis Germinal epithelium degeneration Follicular degeneration Ovarian reserve 

Control 3.00 (2.00-3.00) 0.00 (0.00-1.00) 0.00 (0.00-0.00) 48.00 (45.00-52.00) 

Vitamin D3 3.00 (2.00-3.00) 0.00 (0.00-1.00) 0.00 (0.00-0.00) 43.00 (40.00-56.00) 

TCE 1.00 (1.00-2.00)a 3.00 (1.00-3.00)a 2.50 (1.00-3.00)a 21.00 (14.00-26.00)a 

TCE + Vitamin D3 1.50 (1.00-3.00) 1.00 (0.00-2.00)b 0.00 (0.00-2.00)b 24.50 (21.00-27.00)a

TABLE 1:  The histopathological score of groups.

MDA: Malondialdehyde 
 TCE: Trichloroethylene 
* Values are given as median (minimum-maximum). 
a Compared with the control group (p<0.05) 
b Compared with TCE group (p<0.05).

FIGURE 2: The appearance of a significant reduction in MDA immunoreactivity in TCE + Vit D group (2d), MDA immunoreactivity in the ovarian tissue’s stromal 
area in the control group (2a) and vitamin D3 group (2b) as well as increased MDA immunoreactivity in TCE group (2c). Scale bar represents 50 𝜇m.



ties, developmental defects of the reproductive tract, 
infertility and miscarriage.19 TCE is among the most 
encountered environmental chemicals that have re-
cently been described as toxic for the reproductive 
system. The primary source of exposure to TCE in 
humans and animals is the inhalation or ingestion of 
polluted water.  

This study revealed that there was a substantial 
rise in the immunoreactivity of MDA, which dis-
played higher oxidative stress in ovarian tissues due 
to TCE exposure. Oxidative stress is brought about 
by a disproportion between the antioxidant defense 
system and free radicals, resulting in inactivation of 
many enzymes and lipid peroxidation. MDA is typi-
cally referred to as the final product of lipid peroxi-
dation, and elevated MDA levels reflect the status of 
oxidative stress.20 In ovarian tissues, increased ox-
idative stress could cause ovarian failure by inducing 
apoptosis and inhibiting cytoplasmic as well as nu-
clear maturation in oocytes.21 Consistently with this 
study, Wu and Berger demonstrated increased oxida-
tive modified proteins (protein carbonyls) by im-
munohistochemical assessment in the rat ovaries 
exposed to TCE-including water for two weeks. Also, 
they showed the presence of protein carbonyls in 
ovarian tissues exposed to TCE from four to five days 
to the treatment interim of two weeks, particularly in 
the ovarian granulosa cells. They concluded that ex-
posure to TCE might decrease the fertilization po-
tential of the oocytes in all growth stages (late-stage, 
early or mid) by meiotic nuclear arrest, irrespective of 
the time of exposure.22 Du Teaux and co-workers in-
vestigated the potential mechanisms of TCE toxicity 
in the male reproductive system. They observed oxi-

dized proteins around the head and mid part of sperm 
obtained from TCE-treated animals by means of im-
munochemical staining. They proposed that the re-
duction in the fertilizing capacity of TCE-exposed 
animals could be attributed to the oxidative damage.23 
Cummings et al. similarly studied the role of glu-
tathione and CYP450 in the cytotoxicity and metab-
olism of TCE in rat kidneys. They reported that TCE 
toxicity on renal proximal and distal tubules was the 
result of oxidative damage by CYP450 and glu-
tathione metabolism.24 The findings of the present 
study also indicated that the toxic mechanism of TCE 
is related to oxidative stress concerning a substantial 
rise in immunoreactivity of MDA. 

Anti-oxidant treatment could have favorable ef-
fects on the negative results of lethal chemical sub-
stances that cause organ damage. This study was able 
to prove that anti-oxidant properties of vitamin D3 
inhibited the detrimental effects of TCE on ovarian 
tissues. When vitamin D3 was administered together 
with TCE, there was a decrease in the MDA im-
munoreactivity. Therefore, we proposed that vitamin 
D3 administration may preserve tissues from the de-
structive results of TCE exposure. In accordance, Lin 
et al. investigated in vitro and in vivo anti-oxidative 
mechanisms of vitamin D3 against oxidative stress 
that is zinc-induced. They revealed that zinc-induced 
lipid peroxidation was suppressed by vitamin D3 
through termination of the lipid peroxidation chain 
reaction, upregulation of vitamin D3 up-regulated 
protein-1 (VDUP-1) as well as inhibition of auto-ox-
idation.25 In an animal model of thioacetamide-in-
duced hepatotoxicity, Kwon et al. specified the 
critical role of VDUP-1 by which vitamin D3 was up-
regulated in oxidative stress.26 Recently, Sahin et al. 
assessed the anti-oxidant outcome of 1,25 dihydrox-
yvitamin D3 against gastric destruction triggered by 
intragastric ethanol instillation in rats. They estab-
lished that vitamin D3 reduced endogenous anti-oxi-
dant effects of glutathione, infiltration of neutrophils, 
expression of nuclear factor kappa-B, and apoptosis 
in gastric mucosa which was rigorously damaged by 
lipid peroxidation.27 Contrary to that, Tagliaferri et 
al. carried out a review concerning the anti-oxidant 
role of vitamin D and they noticed the controversial 
effects concerning the capacity of vitamin D3 in pre-

Groups MDA immunoreactivity 

Control 0.85 (0.60-1.20) 

Vitamin D3 0.60 (0.45-1.20) 

TCE 2.70 (1.80-2.70)a 

TCE + Vitamin D3 0.85 (0.60-1.20)b

TABLE 2:  MDA immunoreactivity histoscore of groups.

MDA: Malondialdehyde 
TCE: Trichloroethylene 
* Values are given as median (minimum-maximum). 
a Compared with the control group (p<0.05)  
b Compared with TCE group (p<0.05).
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venting oxidative stress and the need for high-quality 
studies for testing the anti-oxidant outcomes of vita-
min D treatment.28 The findings of this study pointed 
out the anti-oxidant impact of vitamin D3 and sug-
gested that vitamin D3 could be  capable of reversing 
the toxic effects of TCE. 

According to the current study, the exposure to 
TCE caused severe histological alterations such as 
degeneration of germinal epithelium, degeneration 
of ovarian follicles and reduced angiogenesis in cor-
pus luteum. However, administration of vitamin D3 
was able to improve these histological alterations 
and limited the negative impact of TCE on ovarian 
tissues. Similarly, Hayderi et al. confirmed the ame-
liorative outcomes of vitamin E on TCE-induced 
nephrotoxicity in rats. They found substantial histo-
logical harm, which consisted of cellular swelling, 
tubular epithelial necrosis and nuclear dilatation. In 
addition, they observed the fact that vitamin E treat-
ment significantly improved histopathological injury 
as compared to non-treated rats.29 Recent studies 
have also demonstrated that TCE harmfully affects 
ovarian functions and, thus, fertility. Xu et al. 
showed an impairment in the fertilization capacity 
of sperms in TCE-exposed mice.30 Berger and 
Horner also demonstrated a reduction in the fertil-
ization capacity of oocytes after TCE exposure. This 
reduction was attributed to the decreased capacity 
for binding sperm plasma membrane proteins.31 Sev-
eral studies in the literature have demonstrated that 
related antioxidants like beta-carotene, vitamin E, 
and vitamin C protect ovarian tissues from oxidative 
stress.32,33  

The major limitation of the present study was the 
administration of a single dose of vitamin D3. That is, 
various dosages and/or metabolites of vitamin D3 
could have discrepant outcomes. In addition, there 
was lack of data related with different lengths of 
treatment periods and administration routes. Another 

limitation was the inability to carry out biochemical 
and hormonal analyses and retrieve related data.  

 CONCLUSION 

To conclude, this study provided evidence that expo-
sure to TCE caused histological ovarian injury by 
means of oxidative stress. Besides, the substantial im-
provements in oxidative stress parameters as observed 
by histopathological and immunohistochemical meth-
ods indicate that treatment with vitamin D3 could pre-
vent the TCE related toxicity in ovarian tissues. The 
beneficial effects of vitamin D3 might be attributed to 
its anti-oxidant properties. 
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