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Abstract 

 

This study aims to determine the α-tocopherol effect on repairing histological damage to the testicles of rats exposed 
to 2,3,7,8-tetrachlorodibenzo-p-dioxin.  The testicle histological damage and repairs were evaluated based on 
spermatogenic staging changes, seminiferous tubule diameter and the thickness of the epithelium.  A total of 100 rats 
were divided into five groups.  The control group (CG) rats only received a placebo.  Meanwhile, in treatment groups, 
rats were exposed to dioxin 700 ng/kg/BW/day and four hours later they received a 0, 77, 140 and 259 α-tocopherol 
mg/kg/BW/day in the T0, T1, T2 and T3 groups, respectively.  Dioxin exposure and α-tocopherol administration were 
conducted orally through a stomach tube in 45 days.  Dioxin administration resulted in a reduction (p< 0.05) in the 

spermatogenic staging based on the number of spermatogenic cells and Leydig cells, diameter and thickness of the 
seminiferous tubule epithelium compared to those of normal rats (CG).  The administration of 140 (T2) and 259 (T3) α-
tocopherol mg/kg/BW/day alleviated the spermatogenesis depletion caused by dioxin, which was indicated by the 
higher (P<0.05) number of spermatogenic cells and Leydig cells and the diameter and thickness of the seminiferous 

tubule epithelium compared to the T0 group.  A dose of 259 α-tocopherol mg/kg/BW/day (T3) raised the 
spermatogenic staging closer to that of the normal rats, although it was still lower (p <0.05).  It can be concluded that 
α-tocopherol antagonized the toxicity of dioxin on the testis. 
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Introduction 

Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin) is the 
most hazardous chemical known to humankind. (Lali, 
2018) Dioxin is affected by intracellular reactive 
oxygen species (ROS) production, followed by 
oxidative stress (Zhou et al., 2017).  Oxidative stress 

results in the increased production of free radicals or 
reactive oxygen species (Bartosikova et al., 2003), which 

tends to attract electrons from important molecules 
around it, such as proteins, lipids, and DNA (Yang et 
al., 2002).  Increased ROS production causes lipid 

peroxidation reaction, which is harmful to the lipid 
membrane and is followed by cell damage (Jeyabalan 
and Caritis, 2006). Dioxin has a toxic effect on the 
reproductive system (Yonemoto, 2000) because the 
testicular tissue issusceptible to oxidative stress (Asadi 
et al., 2017).  The ROS inhibits the process of 

steroidogenesis in Leydig cells, decreases the 
testosterone hormone level, followed by disturbance of 
the spermatogenic cells (Walker et al., 2009).  

ROS can be neutralized physiologically by an 
endogenous antioxidant; unfortunately, 
environmental factors, such as pollutants, can decrease 
this capacity.  Therefore, antioxidant treatment is 
expected to fight free radical-induced oxidative stress 
and, consequently, improve spermatogenesis (Asadi et 
al., 2017).  α-tocopherol is an exogenous antioxidant 

that can break radical chain reactions to inhibit ROS 
and oxidative stress (Valko et al., 2007).  

Administration of α-tocopherol to rats under oxidative 
stress can significantly reduce MDA levels, normalize 
seminiferous tubular epithelium (Walker, 2009) and 
increase the reproductive endocrine function (Yin et al., 

2012).  
The world produces more than 380 million tons of 

plastic every year, which ends up as pollutants (Our 
world in data.org, 2020). Dioxin, due to incomplete 
incineration, of plastic waste is a significant source of 
air pollution. Dioxin has a harmful effect on testicular 
tissue. Furthermore, a recent study aimed to determine 
the effect of α-tocopherol administration in an animal 
model on repairing the testicle histological damage to 
rats exposed to dioxin. 

Materials and Methods 

Ethical Approval: The experimental procedure was 
approved by The Animal Care and Use Committee, 
Airlangga University, Surabaya, Indonesia, No 
267/HRECC.FODM/VI/2020. 
 
Dosage determination: Determination of dioxin (the 
2,3,7,8 - tetrachlorodibenzo-p-dioxin, Sigma Aldrich 
Singapore) and α-tocopherol (α-tocopherol Sigma 
Aldrich Singapore) doses were based on a study of 
mice. The conversion of the dose for mice to the dose 
for rats used the Allometric approach (Ritschel et al., 

1992), in which the dose in rats was the dose in mice 
multiplied by a factor of 7. The toxic dose of dioxin in 
mice was 100 ng/kg BW (Yoon et al., 2006). 
Accordingly, in rats, it was 700 ng/kg BW / day. The 
average body weight of the rats in this study was 200 
grams so that the dioxin dose was 140 ng/head/day. 
Meanwhile, the α-tocopherol dose was converted from 
the dose of 11, 20 and 37 mg/kg BW mice/day (Yin et 

al., 2012), so that the doses in rats were 77, 140 and 259 

mg/kg BW / day. In rats weighing 200 grams, the α-
tocopherol doses were 15.5, 28 and 51.8 mg/head/day. 
Dioxin and α-tocopherol were dissolved in corn oil 
(Mazola® - Codaa Switzerland AG) for administration 
to the rats.  
 
Treatment of experimental animals:  Rats were reared 
in polypropylene boxes as like cat litters 60 x 40 and 
12.5 cm in height and covered with a wire mesh 10x10 
mm. Each box was divided into four parts equally for 
the housing of individual rats and equipped with feed 
and drink containers. The cage floor was filled with 
sawdust 3 cm thick, which was replaced once a week. 
A total of 100 male rats (Wistar strain of Rattus 
norvegicus) aged 12 weeks, weighing approximately 

200 grams and in a healthy condition, were randomly 
divided equally into five treatment groups.  The 
control group (CG) rats received 0.5 ml of corn oil twice 
daily at four h intervals simultaneously with the 
treatment group.  The rats in the treatment groups 
received a dose of 700 ng dioxin/kg BW/day at 09.00 
AM, followed by administration of the α-tocopherol 0, 
77, 140 and 259 mg/kg BW/day, four h later for the T0, 
T1, T2 and T3 groups, respectively.  Dioxin exposure 
and α-tocopherol administration were conducted 
orally through a stomach tube for 45 consecutive days.  
The rats’ health was observed daily, along with 
cleaning of cages, feeding, and changing of drinking 
water. Healthy rats were indicated by their agility of 
movement in the cage, standing or walking with their 
bodies elevated and with a horizontal back. The fur 
was white and glossy, the tail clean, free of fecal 
accumulation around the perineum, inflammation or 
discoloration, with clear eyes and standing erect ears. 
Throughout the study, all the mice appeared healthy 
and there were no deaths before termination. On the 
46th day, all rats were sacrificed to harvest their 
testicular organs to prepare histological slides with 
hematoxylin-eosin staining.  
 
Observation of cell count: Five seminiferous tubules 
were randomly selected for the average spermatogenic 
cell number.  Meanwhile, the number of Leydig cells 
was counted between the five seminiferous tubules.  
Observations were made with a 400x magnification 
light microscope (Nikon E200) equipped with Optilab 
Viewer Software Version 2.2. 
 
The measurement of seminiferous tubule diameter: The 
diameter (µm) was measured on five tubules at 100x 
magnification with a light microscope equipped with 
the Image Raster Software Version 3.7.  The diameter 
was defined as the farthest distance from the two 
points opposite the center point.  In one seminiferous 
tubule, four diameters were measured with an angular 
distance of 45 degrees from each other  for the average.  
 
Epithelium thickness measurement: The seminiferous 
tubules' epithelial thickness (µm) was measured in five 
tubules at 100x magnification using a light microscope 
(Nikon E200) equipped with Image Raster Software 
Version 3.7.  The epithelial thickness was defined as the 
distance from the basement membrane to the 
spermatogonia cell layer’s surface.  Each seminiferous 
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tubule was measured in four of the epithelial 
thicknesses  for an average. 

 
Data analysis: The number of spermatogenic cells 
(spermatogonia, primary spermatocytes and 
secondary spermatocytes, spermatids and 
spermatozoa), Leydig cells and the diameter of 
seminiferous tubule and the thickness of epithelium 
cells were analyzed using One Way ANOVA followed 
by Tukey’s Honestly Significant Difference test (SPSS 
Version 23). 

Results 

Spermatogenic staging: The features of the 
spermatogonia, primary spermatocytes, secondary 
spermatocytes, spermatids and spermatozoa were 
used to determine the spermatogenic staging (Figure 
1).  Chronic exposure of dioxin over 45 days (T0) 
decreased the spermatogonia, primary spermatocytes, 

secondary spermatocytes, spermatids and 
spermatozoa to 59.41, 37.63, 34.66, 27.23 and 77.66% 
compared to the CG.  The most severe reduction in 
amount was in spermatozoa, followed by spermatids, 
secondary spermatocytes, primary spermatocytes, 
spermatogonia and the lightest reduction was in the 
Leydig cell. The administration of α-tocopherol 4 h 
after dioxin exposure for 45 consecutive days showed 
that a dose of 77 mg/kg BW/day α-tocopherol had not 
yet covered (p>0.05) the negative effect of dioxin.  A 

higher dose of α-tocopherol (140 and 259 mg/kg 
BW/day) was followed by an improvement of 
spermatogenic staging marked by increases (p<0.05) of 

spermatogonia, primary spermatocytes and secondary 
spermatocytes, spermatids and spermatozoa numbers.  
A dose of 259 mg/kg BW/day α-tocopherol (T3) 
revealed the closest numbers of testicles to normal rats 
(CG), even though still significantly lower (p<0.05) 

(Table 1). 

 

 
 

Figure 1 Histologic of seminiferous tubules: A. CG showed the spermatogonia (1), primary spermatocytes (2) and secondary 
spermatocytes (3), spermatids (4), spermatozoa (5) and Leydig cell (6) (HE staining, 400x magnification).  B. CG, C. 
treatment group rats, which received 700 ng dioxin/kg BW/day for 45 days, followed by administration of the α-
tocopherol 0 (T0), D. 77 (T1), E. 140 (T2), and F. 259 (T3) mg/kg BW/day four h later for 45 days (HE staining, 400x 
magnification). 
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Table 1 The average of spermatogenic cells and Leydig cells of rats exposed to dioxin and treated with α-tocopherol 
 

Treatment 
Number of 

spermatogonia  
 

Number of 
spermatocytes 

 I and secondary 
spermatocytes  

Number of 
spermatids   

Number of 
spermatozoa   

 
Number of 
Leydig cell 

CG 25.25±2.31a 34.55±3.03a 28.85±2.73a 38.75 ±2.57a 18.98±1.06a 
T0 15.25±2.55d 13.45±2.56d 10.75±2.14d 10.55±1.95d 14.74±1.19c 
T1 15.85±2.23d 13.75±2.26d 11.05 ±1.95d 11.75±2.57d 15.11±1.68c 
T2 18.15±2.45c 24.25±2.53c 24.15±3.03c 28.35±2.39c 16.63±1.32b 
T3 23.55±2.60b 32.35±1.75 b 26.25±1.33b 35.75±2.80b 18.01±1.77a 

Note: CG= the control group rats, which received 0.5 ml of corn oil twice daily and at four h intervals simultaneously with the 
treatment group, T0= treatment groups rats, which received 700 ng dioxin/kg BW/day for 45 days, followed by the 
administration of corn oil; T1= treatment groups rats which received 700 ng dioxin/kg BW/day for 45 days, followed by the 
administration of the α-tocopherol 77 mg/kg BW/day four h later for 45 days. T2= treatment groups rats, which received 700 
ng dioxin/kg BW/day for 45 days, followed by administration of the α-tocopherol 140 mg/kg BW/day four h later for 45 
days.), T3= treatment groups rats, which received 700 ng dioxin/kg BW/day for 45 days, followed by administration of the 
α-tocopherol 259 mg/kg BW/day four h later for 45 days.  Different superscripts in the same column showed significant 
differences (p <0.05). 

 
The cross-section of the seminiferous tubules of the 

CG showed a number of spermatogenic cells fulfilled 
the seminiferous tubules.  The spermatogenic cells 
were neatly arranged with a high cell density.  The 
spermatogonia consisted of a layer; meanwhile, 
primary and secondary spermatocytes were composed 
of 1–2 layers and spermatids were composed of 2–3 
layers.  In contrast, the dioxin exposure (T0 group) 
effect showed that the spermatogenic cells’ location 
was irregular with a low cell density.  In the group with 
α-tocopherol administration, the T1 group (dose of α-
tocopherol 77 mg/kg BW/day) had not been able to 
repair testicular tissue damage. Meanwhile, the T2 and 
T3, the dose of α-tocopherol 140 and 259 mg/kg 
BW/day showed increased spermatogonia cell density 
that resembled the control group. 
 
Leydig cell count: The number of Leydig cells in the 
control group was highest compared to the other 
groups.  The dioxin (T0) decreased the Leydig cell 
number to lower than the other groups.  The 
administration of 77 mg/kg BW/day α-tocopherol had 
not yet covered (p>0.05) the negative effect of dioxin.  

A higher dose of α-tocopherol (140 and 259 mg/kg 
BW/day) was followed by increases in Leydig cells 
(p<0.05).  A dose of 259 mg/kg BW/day α-tocopherol 

(T3) revealed that the number of Leydig cells was 
similar (p>0.05) to that of normal rats (Table 1). 

     
Seminiferous tubule epithelium diameter and 
thickness: The exposure of dioxin over 45 days (T0) 
decreased the seminiferous tubule diameter and 
epithelium thickness to 73.26 and 67.35% compared to 
the CG. The dose of α-tocopherol 77 mg/kg BW/day 
that was administered 4 h after exposure of dioxin in 
the 45 consecutive days of study had not yet covered 
(p>0.05) the negative effect of dioxin.   A higher dose of 

α-tocopherol (140 and 259 mg/kg BW/day) was 
followed by an increasing (p<0.05) of Seminiferous 

tubule diameter and epithelium thickness.  A dose of 
259 mg/kg BW/day α-tocopherol (T3) revealed the 
closest diameter of seminiferous tubule epithelium of 
normal rats (CG), even though still significantly lower 
(p<0.05) (Table 2), meanwhile the epithelium thickness 
was similar (p>0.05) with that of the control group.  

 

 
 

Figure 2 The measurement of seminiferous tubule diameter (A) and epithelium thickness (B) on the control group rats (HE staining, 
400x magnification). 
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Table 2 Diameter Seminiferous tubule and epithelium thickness (µm) of rats exposed dioxin and treated with α-tocopherol. 
 

Treatment The diameter 
of the seminiferous tubules 

The thickness of seminiferous tubule 
epithelium 

CG 869.90±15.40a 248.44±15.67a 
T0 637.28±46.04c 167.33±10.14c 
T1 670.81±55.90c 178.84±6.46c 
T2 743.35±44.44b 205.46±11.92b 
T3 799.06±24.39ab 249.42±18.87a 

Note: CG= the control group rats, which received 0.5 ml of corn oil twice daily and at four h intervals simultaneously with the 
treatment group, T0= treatment groups rats, which received 700 ng dioxin/kg BW/day for 45 days, followed by the 
administration of corn oil; T1= treatment groups rats which received 700 ng dioxin/kg BW/day for 45 days, followed by the 
administration of the α-tocopherol 77 mg/kg BW/day four h later for 45 days. T2= treatment groups rats, which received 700 
ng dioxin/kg BW/day for 45 days, followed by administration of the α-tocopherol 140 mg/kg BW/day four h later for 45 
days.), T3= treatment groups rats, which received 700 ng dioxin/kg BW/day for 45 days, followed by administration of the 
α-tocopherol 259 mg/kg BW/day four h later for 45 days.  Different superscripts in the same column showed significant 
differences (p <0.05). 

 

Discussion 

The rats were observed in a healthy condition; 
neither illness, clinical signs nor death were found 
along with the study. 

 
Spermatogenic staging: The spermatogenesis 
abnormalities can be seen from the number of 
spermatogenic cells that fulfilled the seminiferous 
tubules.  The change could have been caused by the 
decrease, the stopping of the development stage or the 
releasing of germ cell attachments on the basal 
membrane.  Dioxin exposure causes disruption of the 
spermatogenesis process, which will decrease the 
number of spermatogenic cells and seminiferous 
tubular diameter (Aitken and Roman, 2008). Dioxin is 
a lipophilic substance, slowly metabolized and 
excreted, so it tends to accumulate in adipose tissue 
(Yin et al., 2012).  Dioxins can suppress spermatozoa’s 

growth and maturation, reduce testosterone levels, 
GnRH, FSH and LH, damage the chromosomes and 
cytomicrosomes system’s antioxidant defenses 
(Latchoumycandane et al., 2002) and finally cause 

oxidative stress.  Dioxin’s disruption of 
spermatogenesis at the spermatocytogenesis and 
spermiogenesis stages results in decreased 
spermatogenic cells (Dirican and Calendar, 2012). 

The testis has been reported to be among the most 
sensitive organs to dioxin exposure.  Dioxins use the 
aryl hydrocarbon receptor (AhR) and aryl 
hydrocarbon receptor nuclear translocator (ARNT) 
receptor complex to mediate their harmful actions in 
rat and human testis.  The AhR and ARNT play a role 
in regulating spermatocytes’ apoptosis (Schultz et al., 

2003).  The hazardous effects of dioxins are disruption 
of cell-to-cell interactions in the testes, impaired 
development of germ cells, impaired spermatogenesis, 
reduced antioxidant enzymes and increased lipid 
peroxidation (Mathur and D'Cruz, 2011).  Dioxin is 
known to inhibit steroidogenesis in the testis through 
Leydig cell disturbance, following testosterone level 
instability (Oda and Maddawy, 2012).  The mechanism 
of oxidative stress caused by dioxins can be explained 
by the products formed during normal steroidogenesis 
acting as pseudosubstrates and interacting with P450.  
The pseudosubstrate-P450-O2 complex is formed, 
which is a source of damage due to the 
pseudosubstrates’ inability to ward off free radicals 
(Mathur and D'Cruz, 2011).  In this study, 
spermatogenic cell decrease was caused by 

spermatozoa, spermatocytes and spermatogonia 
experiencing attachment release caused by the 
occurrence of necrosis in spermatocytes and 
spermatogonia (Yin et al., 2012).  Additionally, dioxins 

interfere with endocrine activity mediated by aromatic 
hydrocarbon nuclear translocator receptors (AhR).  
Furthermore, AhR activates dioxins to induce CYP1A1 
expression and can interact with androgen receptors 
(AR).  In addition to interacting with AR, dioxins can 
also bind ABP and then dioxins will bind AhR in the 
cytoplasm.  The AhR and dioxin bond complex 
undergoes a conformational change and is translocated 
to the nucleus (Ebtekar, 2004).  This bond forms a 
heterodimer with another transcription factor, namely 
ARNT, which will interact with dioxin-responsive 
enhancer elements (DRE) located on the target gene’s 
surface and activates various transcription factors’ cell 
nuclei (Yonemato, 2000).  The AhR-ARNT heterodimer 
results in the cytochrome P450 gene’s stimulation and 
leads to increased production of cytochrome.  
Cytochrome P450 is an enzyme generated by oxidative 
species reactions (ROS) due to the toxic agent (Kaur et 
al., 2006).  These cytochromes are formed and 

participate in dioxin metabolic processes (Dobrzyński 
et al., 2009).  The AhR and ARNT in the male 

reproductive tract were detected in the testes, 
epididymis, vas deferens, ventral prostate, dorsolateral 
prostate and seminal vesicles and expressed on 
spermatocytes (Schultz et al., 2000). 

The antioxidant effect of α-tocopherol is to reduce 
dioxin-induced CYP1A1 expression and this has an 
inhibitory effect on CYP1A1 promoter activity.  There 
was a decrease in the activation induced by dioxin, 
CYP1A1 activity and Ecto-ATPase activity.  This 
suggests the dioxin-induced CYP1A1 transcription 
suppressant was via suppression of functional AhR 
activation.  Ecto-ATPase inhibition can reduce the 
production of the ATP required for the translocation of 
AhR electrons. Ecto-ATPase is the primary enzyme 
responsible for releasing ATP energy, which is used in 
the translocation of AhR to electron ligands.  The α-
tocopherol can decrease dioxin-induced AhR 
activation so that it can be used to prevent and treat 
acute and chronic dioxin intoxication (Chang et al., 

2009). 
Dioxin can reduce the number of spermatogenic 

cells in the seminiferous tubules due to the disruption 
of endocrine activity mediated by aryl hydrocarbon 
receptors (AhR).  The AhR system can bind the 
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androgen receptor (AR) and androgen binding protein 
(ABP) (Kakeyama and Tohyama, 2003).  Binding to AR 
and ABP will interfere with the transport mechanism 
of testosterone produced by Leydig cells in the 
seminiferous tubules; this, in turn, interferes with the 
spermatogenesis process by reducing the number of 
spermatogenic cells.  Intratubular testosterone 
concentration greatly influences the early stages of 
germ cell development.  Emphasis on testosterone 
biosynthesis can inhibit spermatogenesis.  Dioxin 
exposure is extreme in more mature epithelial germ 
cells, namely, spermatids and spermatozoa (Dirican 
and Calendar, 2011).  Testosterone in the seminiferous 
intratubular significantly affects the blood-testis 
barrier; moreover, testosterone is required for Sertoli-
spermatid adhesion and mature spermatozoa release 
into the lumen of the seminiferous tubules (Walker, 
2009).  Testosterone controls developing germ cells, 
especially spermatids, and acts as an adhesive between 
spermatids and Sertoli cells.  A disruption in 
testosterone will cause spermatids to be released from 
the epithelium (Lui and Lee, 2009). 

α-tocopherol is a fat-soluble antioxidant that 
protects against oxidative stress.  It prevents lipid 
peroxide production by scavenging toxic radicals, a 
byproduct of the metabolic processes of the testes’ cell 
membranes.  In addition, α-tocopherol is essential in 
maintaining the testes’ physiological integrity, 
epididymis and glandular accessories, which have a 
critical role in spermatozoa’s maturation (Oda and El 
Babdawy, 2012).  The function of α-tocopherol is as a 
chain-breaker of nonspecific antioxidants that prevent 
the spread of free radicals.  It has a protective effect that 
plays a role in preventing oxidative damage to the 
testes through its ability to rapidly and effectively 
scavenge peroxyl lipid radicals before damage to 
testicular lipid membranes and spermatogenic cells 
occurs. Also, α-tocopherol is a non-enzymatic 
testicular defense systems in mitochondria, 
spermatozoa and can inhibit peroxidation of testicular 
damage.  α-tocopherol has an essential role in the 
maintenance and survival of spermatids (Chandra et 
al., 2010). 

The mechanism of the action of α-tocopherol is 
antagonistic on dioxins.  First, α-tocopherol suppresses 
the target aryl hydrocarbon receptor (AhR) that 
mediates dioxin-induced gene expression.  It is known 
that dioxins can have a toxic effect during activation of 
AhR and cytochrome-P450 (CYP450).  The α-
tocopherol can inhibit the transcription and expression 
of CYP450 and steroid dehydrogenase genes by 
inhibiting dioxin induction against AhR activation; 
besides that, α-tocopherol can reduce the competitive 
binding of dioxins against AR and ABP; thus, α-
tocopherol has an antagonist effect on dioxin toxicity.  
In addition, α-tocopherol can reduce the increase in 
CYP450 levels of mRNA, 3b-hydroxysteroid 
dehydrogenase and 17b-hydroxysteroid 
dehydrogenase (Murugesan et al., 2007).  Second, α-

tocopherol inhibits oxidative stress caused by dioxins.  
α-tocopherol has the antagonistic effect of decreasing 
oxidative stress and a decrease in hydrogen dioxide 
caused by dioxins.  In addition, α-tocopherol reduces 
lipid peroxidation and oxidative stress caused by 
dioxins (Latchoumycandane and Mathur, 2002).  This 

study shows that dioxins damage testicular 
components through oxidative damage, while α-
tocopherol provides a restorative effect through 
testosterone due to Leydig cell function's repairing. 
 
Leydig cell count: When a rat is exposed to dioxins, a 
dioxin-AhR-Arnt compound-complex will form, 
interacting with DRE (Dioxin Responsive Enhancer 
Elements).  This binding will increase the expression of 
cytochrome P450, especially CYP1A1.  The ROS 
formed due to the CYP450 expression results in a 
disruption of the steroidogenesis as one of ROS's 
physiological sources in Leydig cells.  In Leydig cells, 
there is a receptor mediator called AR (Androgen 
Receptor); AR acts to mediate the steroidogenesis 
pathway (Chang et al., 2004).  However, the bond of 

CYP450 and AR results in a decrease in AR action on 
Leydig cells and an increase in ROS in cells resulting in 
death in Leydig cells. The decline in the number of 
Leydig cells results in a reduction in testosterone 
production, causing decreased spermatogenesis.  
Dioxin-induced testes tissue damage can be repaired 
by administering antioxidants such as α-tocopherol 
(El-Gerbed et al., 2015), including Leydig cells' damage. 

The administration of α-tocopherol breaks the dioxin 
chain bonds with the AhR (Aryl hydrocarbon receptor) 
(Kloser et al., 2011) receptor found in the cell cytoplasm 
(Gupta et al., 2018). Additionally, α-tocopherol 

antioxidants extinguish oxidative stress (Ruiz-Ramos 
et al., 2010) so that cell damage is repaired (Górnicka et 
al., 2019). The α-Tocopherol can interrupt the lipid 

peroxidation reaction and protect cells against 
oxidative stress (Soleimani Mehranjani and Taefi, 
2012). By stopping lipid peroxidation reactions and 
removing free oxygen radicals, α-tocopherol protects 
lipids from peroxidation and stabilizes cell 
membranes, gene transcription and cell signaling 
pathway regulation (Górnicka et al., 2019).  Therefore, 

α-tocopherol normalizes the testes' structure, epithelial 
seminiferous tubule and the number of spermatozoa 
(Vigueras-Villaseñor et al., 2011) through the repairing 
of Leydig cell function (Yin et al., 2012). Leydig cells 

produce testosterone due to LH stimulation produced 
by the anterior pituitary (Ramaswamy and Weinbauer, 
2014). Testosterone regulates signaling pathways in 
Sertoli cells to maintain spermatogenesis (Smith and 

Walker, 2014).  
 
Seminiferous tubule diameter and epithelium 
thickness: The decrease in seminiferous tubule 
diameter due to dioxin induction can be caused by a 
decline in the number and production of spermatozoa 
in seminiferous tubules (Clermont and Perey, 2008, 
Kovacevic et al., 2016).  Administration of α-tocopherol 

can significantly improve the diameter of seminiferous 
tubules; the higher the dose given, the closer to normal 
size they become.  Administration of α-tocopherol 259 
mg/kg BW/day decreased ROS production and 
returned the seminiferous tubule diameter to nearly 
the same size as the CG.  As an antioxidant, α-
tocopherol can stabilize free radicals by 
complementing the lack of electrons in free radicals 
and inhibiting the chain reaction of free radical 
formation, which can cause cell damage.  Thus, 
damage to cell membranes due to free radicals can be 
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inhibited, resulting in the bonds between hormones 
that play a role in the spermatogenesis process with 
hormone receptors not being disturbed.  The 
spermatogenesis process is more optimal, such that 
there is an increase in spermatogenic cells affecting the 
diameter and thickness of the seminiferous tubule 
epithelium.  Notably, α-tocopherol is a compound that 
counteracts free radicals, which can inhibit catechol-O-
methyltransferase (COMT).  This enzyme reduces the 
breakdown of epinephrine and inhibits heat shock 
proteins that can cause cell apoptosis (Kovacevic et al., 

2016). 
Male fertility is seen not only in the number of 

spermatogenic cells but also from the diameter and 
thickness of the seminiferous tubule epithelium 
(Clermont and Perey, 2008, Kovacevic et al., 2016).  

Dioxin exposure was caused by the degeneration of the 
seminiferous tubular epithelium, followed by a 
decrease in epithelial thickness. The reduced thickness 
of the seminiferous tubular epithelium was due to a 
decrease in the number of Sertoli cells and 
spermatogenic cells—or spermatogenesis inhibition—
which was possibly due to the presence of germ cells 
undergoing apoptosis (Kovacevic et al., 2016). The role 

of α-tocopherol in protecting spermatozoa from ROS 
and maintaining germ cell function is by reducing the 
production of ROS and hydroxyl radicals in hypoxic 
conditions and restoring endogenous homeostasis by 
increasing the total levels of GSH in the body and 
releasing free radical enzymes.  The α-tocopherol 
inhibits oxidative stress by regulating the balance 
between oxidants and antioxidants, effectively 
protecting cells from free radical damage by increasing 
endogenous antioxidant levels (Oda and El Maddawi, 
2012).  The α-tocopherol acts as a reducing agent for 
hydrogen or an electron agent that can inhibit or 
reduce free radicals and increase antioxidants.  In 
addition, α-tocopherol can suppress oxidative stress, 
including the production of ROS induced by dioxins.  
α-tocopherol, as an antioxidant, can be used as a free 
radical scavenger.  If the excess free radicals in the body 
can be captured by antioxidants, the cells that have 
been damaged by free radicals can regenerate (Yin et 
al., 2012). 

These findings again prove the dangers of dioxins 
on male fertility based on observations of testicle 
histology. The use of α-tocopherol has been shown to 
repair testicle tissue damaged by dioxins. These 
findings can be used to solve the problem of male 
fertility decline due to exposure to dioxins. The 
damaged and repaired male rat fertility in this study 
was only limited based on the histological 
observations. Meanwhile, male fertility also involves 
the dynamics of endocrine that accompany these 
histological changes. Oxidative stress caused by 
dioxins inhibits testosterone production (Wang et al., 

2017) by damaging Leydig cells, derangement of other 
reproductive hormonal profiles (Darbandi et al., 2018) 
and sperm parameters (Mohammadi et al., 2019). 

Therefore, there is a need for further studies of α-
tocopherol treated on dioxin induced male rats by 
measuring changes in GnRH, FSH, LH, testosterone 
levels and sperm parameters. 

In conclusion, The α tocopherol administration 259 
mg/kg BW/day repairs the spermatogenesis, restores 

the seminiferous tubule epithelium's diameter and 
thickness and the number of Leydig cells in mice 
recovering from exposure to a toxic dose of 2,3,7,8 
tetrachlorodibenzo-p-dioxin.   
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