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Original Article
Effects of Dioxin on DNA Damage in the Testes of Adult 
Male Mice 

Background: Given the importance of environmental factors and the impact of environmental 
pollutants, such as dioxins, on organ systems, especially the reproductive system, it is 
necessary to study these issues and the mechanisms of their effects. 

Objectives: This study aimed to investigate the effects of different doses of dioxins on DNA 
damage in the testes of adult male mice. 

Methods: In this experimental study, 32 male Naval Medical Research Institute (NMRI) 
rats were randomly divided into four groups: The control group received normal saline, and 
the dioxin groups were treated with different doses (0.1, 0.5, and 1 µg/kg) for two weeks. 
Apoptosis in the testes was then examined using a TUNEL assay kit.

Results: The mean number of TUNEL-positive spermatogonia cells was 5.91±5.28 in the 
dioxin group 1, 7.20±10.03 in the dioxin group 2, and 8.73±4.63 in the dioxin group 3, 
which was higher than that in the control group (0.16±0.40; P=0.073, P=0.034, and P=0.007, 
respectively). 

The mean number of TUNEL-positive spermatocyte cells was 5.16±1.99 in the dioxin group 
1, 2.50±4.62 in the dioxin group 2, and 3.33±2.94 in the dioxin group 3, which was higher 
than that in the control group (P=0.034, P=0.14, and P=0.037, respectively). 

The mean number of TUNEL-positive spermatocyte cells in the dioxin group 1 was 
significantly higher than that in the dioxin group 2 (2.50±4.62, P=0.047). 

The average number of TUNEL-positive spermatid cells was 11.58±6.90 in the dioxin group 
1, 11.10±12.19 in the dioxin group 2, and 10.20±7.32 in the 3-dioxin group, which was higher 
than that in the control group (0.16±0.40; P=0.008, P=0.014, and P=0.015, respectively). 

Conclusion: The results of the present study showed that dioxin caused dose-dependent 
apoptosis in the testes.
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Introduction

ioxins are among the most toxic environ-
mental pollutants with a high structural 
strength that may be comparable to di-
chloro-diphenyl-trichloroethane (DDT). 
These lipophilic compounds belong to 
a group of halogenated aromatic hydro-

carbons, of which 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) is the most toxic and known to be a carcinogen, 
most of which is released in insecticides and energy pro-
duction sites, and has four chlorine atoms attached [1, 2]. 

Dioxins are produced in a wide range of industrial pro-
cesses, such as metal smelting, production of polyvinyl 
chloride (PVC) plastics, bleaching of paper pulp with 
chlorine, production of some insecticides and pesticides, 
and incineration of waste and coal and petroleum prod-
ucts. Because dioxins are commonly found in the envi-
ronment, many people have been exposed to them. 

However, due to the potentially toxic effects of these 
compounds, efforts are required to reduce this pollution 
as much as possible. Dioxins are very durable and stable 
in the environment, and their half-life is between a few 
months and a few years. They have low stability in water 
and low volatility (i.e. they remain in soils and sediments 
that act as environmental reservoirs, and dioxins can be 
released from these reservoirs for many years) [3]. Diox-
ins enter the body of ruminants through ingestion of the 
soil and plants. Then, humans use the meat and products 
of these animals. Dioxins cause complications, such as 
fertility problems, endocrine disorders, immune system 
damage, and changes in the functioning of the nervous 
system and endocrine glands [3, 4].

In 2017, Pilsner et al. reported that dioxins reduce 
sperm parameters and degenerative changes during 
spermatogenesis. However, it was concluded that the 
mechanism of action of dioxins is not yet known [5]. 
Other studies in 2013 reported that dioxins lead to an 
increase in p450 expression, disrupted endocrine and 
gametogenesis hormones, and an increase in oxidative 
stress in Japanese mice in areas with high levels of diox-
ins [6]. Mohammadi et al. showed that dioxins increase 
oxidative stress and decrease sperm parameters [7]. In 
2009, Jin et al. reported that dioxin gavage 1µg/kg for 
four days increased the expression of mothers against 
decapentaplegic homolog 4 (SMAD4) and transforming 
growth factor beta  (TGF-β) and decreased the expres-
sion of catalase antioxidant enzymes and glutathione 
peroxidase [8]. In 2018, Pilsner et al. reported that there 
was a direct relationship between the serum dioxin con-

centration of preterm adolescents and the maturation of 
sperm DNA after puberty [9].

Choi et al. injected 50 mg/kg of dioxins into 40 male 
rats for four weeks. Dioxin injection reduced testicular 
weight, sperm and Sertoli cell counts, nephrotic toxin 
size, and testosterone levels [10]. 

In one study, the effects of oral administration of 0.75–
0.37 and 1.5 mg/kg dioxins were investigated for ten 
days using the flow cytometry method, which showed 
an increase in sperm cells with an abnormal shape and 
a significant increase in apoptosis in dioxin-receiving 
groups compared to the control group.

Given the importance of environmental factors and the 
impact of environmental pollutants on various organ sys-
tems in the body, especially the reproductive system, it 
is necessary to study these issues and their mechanisms 
of effects. In our search, we observed very few studies 
on the effect of environmental factors especially dioxin 
on apoptosis in the testes. Therefore, this study was con-
ducted to investigate the effects of different doses of di-
oxins on DNA damage in the testes of adult male mice 
aged 2–3 months. 

Materials and Methods:

 In this experimental study, after the approval of the 
ethics committee (Code: IR.MUMS.fm.REC.1396.465), 
32 NMRI male rats were randomly divided into four 
groups: the control, 1-dioxin, 2-dioxin, and 3-dioxin 
groups. The solvent control group received a placebo 
normal saline and dimethyl sulfoxide (DMSO) and the 
1-dioxin, 2-dioxin, and 3-dioxin groups received intra-
peritoneal 0.1, 0.5, and 1 µg/kg dioxins, respectively, for 
two weeks. Dioxins were purchased from Sigma (Ger-
many). Apoptosis in the testes was then examined using 
a TUNEL assay kit. 

Investigation of apoptosis with tunnel kit

The mice were first anesthetized with chloroform and 
after opening the abdominal cavity of their testicle, it 
was placed in a fixative. Then, the dewatering and clari-
fication steps were performed by passing alcohol and xy-
lene, respectively. The tissues were then molded and cut 
into 5-micron-thick sections using a microtome, and the 
cells were stained by Roche’s tunnel kit (Merck compa-
ny, Germany). In short, the paraffin sections were dehy-
drated. After rinsing in hydrogen peroxide and rinsing, 
they were incubated with protein kinase k. They were 
then rinsed and mixed with terminal deoxynucleotidyl 
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transferase, incubated, and then rinsed and after that in-
cubated and washed with converter-POD. Finally, the 
samples were incubated with DAB and after washing 
with Haematoxylin and after dewatering and clarifica-
tion, they were glued [11, 12]. Positive apoptotic cells 
were visible under a dark brown microscope and ran-
domly counted in five fields.

Statistical analysis: Finally, the data were entered into 
SPSS software, version 22 and analyzed by ANOVA and 
LSD tracking test.

Results

Testicular apoptosis results

Our previous results showed tail deformity as well as 
a reduction in sperm count and motility [7]. The mean 
number of TUNEL-positive spermatid cells in the dioxin 
group was 5.91±5.28 (P=0.073), in the dioxin group was 
27.20±10.03 (P=0.034), and in the dioxin group 3 was 
8.73±4.63 (P=0.007), which was significantly higher 
than the control group (0.16±0.40) (Figure 1). The aver-
age number of TUNEL-positive spermatid cells in the 
dioxin group 1 was 5.16±1.99 (P=0.034), in the dioxin 
group 2 was 2.50±4.62 (P=0.14), and in the dioxin group 

3 was 3.33±2.94 (P=0.037), which showed a significant 
increase compared to the control group (P=0.001). The 
mean number of TUNEL-positive spermatid cells in 
the dioxin group 1 increased significantly by 5.16±1.99 
compared to the dioxin group 2 (2.50±4.62) (P=0.047). 
The average number of TUNEL-positive spermatid 
cells in the dioxin group was 11.58±6.90 (P=0.008), in 
the dioxin group 2 was 11.10±12.19 (P=0.014), and in 
the 3-dioxin group was 10.20±7.32 (P=0.015), which 
showed a significant increase compared to the control 
group (0.16±0.40). At all three doses, the highest number 
of TUNEL-positive cells was related to spermatids and 
the lowest was related to spermatocytes (Figure 2). 

Discussion

The results of the present study showed that dioxin 
dose-dependently caused a significant increase in tes-
ticular apoptotic cells. At all three doses, most of the 
TUNEL-positive cells were related to spermatids and 
the least to spermatocytes. 

In 2017, Pilsner et al. reported that dioxin reduced 
sperm parameters and degenerative changes during sper-
matogenesis. However, it was concluded that the mech-
anism of action of dioxin is not yet known [5]. Other 

Figure 1. Testicular tissue photomicrograph of different groups using tunnel staining; magnification×400
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studies in 2013 reported that dioxin led to an increase in 
p450 expression, disrupted endocrine and gametogen-
esis hormones, and increased oxidative stress in Japa-
nese mice in areas with high dioxin [6]. Mohammadi 
et al. showed that dioxin increased oxidative stress and 
decreased sperm parameters [7]. Compatible with the 
above studies, in the present study, dioxin had a side ef-
fect on testicular tissue and caused apoptosis of testicu-
lar tissue.

In 2009, Jin et al. reported that administration of 1µg / 
kg dioxin by gavage for four days increased the expres-
sion of SMAD4 and TGF-ß and decreased the expres-
sion of the catalase and glutathione peroxidase [8]. In 
2018, Pilsner et al. also reported that there was a direct 
relationship between the serum dioxin concentration of 
preterm adolescents and the maturation of sperm DNA 
after puberty [9].

Choi et al. injected 50 mg/kg of dioxin into 40 male 
rats for four weeks. Dioxin injection reduced testicular 
weight, sperm and Sertoli cells, nephrotic toxin size, and 
testosterone levels [10]. The dose and duration of injec-
tion in this study were higher than ours and devastating 
results were reported. 

In a study, the effects of oral administration of 0.75 
and 1.5 mg/kg dioxin were investigated for ten days. 
The results showed an increase in sperm with abnormal 

shape and a significant increase in apoptosis in dioxin-
receiving groups compared to the control group. In this 
study, the flow cytometry method was used to investi-
gate apoptosis [11]. The dose and duration of injection 
of our study were close to this study, and in our study, 
testicular apoptosis was observed after dioxin injection. 
However, in this study, flow cytometry was used to ex-
amine the testicular apoptosis, and in our study, we used 
the tunnel technique. In our research, the Tunnel Apop-
tosis Kit was used to detect DNA fragmentation, which 
is a hallmark of late apoptosis.

In this study, it was better to study the genes that affect 
apoptosis, which was not done due to financial resourc-
es, and it is recommended to other researchers. It was 
also better to expose the mouse to dioxin in the same 
way as humans, and not to inject dioxin into them. Be-
sides, in this study, it is better to use positive control as a 
prevention of the apoptosis effect of dioxin. 

Conclusion

 The results of the present study showed that dioxin 
dose-dependently caused testicular apoptosis.

Figure 2. Average number of TUNEL-positive cells per unit area (N/mm2)
* P<0.05 significant difference between the TUNEL-positive cells and the control group. The mean number of TUNEL-positive 
spermatogonia cells was significantly higher in the dioxin 1 and 2 groups than in the control group. The mean number of 
TUNEL-positive spermatocyte cells was significantly higher in the dioxin 1 and 3 groups than in the control group. The mean 
number of TUNEL-positive spermatid cells was significantly higher in the dioxin 1, 2, and 3 groups than in the control group. 

Mohammadi Sh, et al. Effects of dioxin on testicular apoptosis . PBR. 2023; 9(1):1-6

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


5

 March 2023. Volume 9. Number 1

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered 
in this research.

Funding

This article is the result of a research project with the 
number 951777, which hereby appreciates and thanks to 
the esteemed research deputy of Mashhad University of 
Medical Sciences.

Authors' contributions

All authors equally contributed to preparing this article.

Conflict of interest

The authors declared no conflict of interest.

References

[1] No author. Are the dioxins the most dangerous chemicals in 
our environment? [Internet]. 2010 [Updatd 9 February 2023]. 
Available from: [Link]

[2] World Health Organisation (WHO). Dioxins and their ef-
fects on human health. Geneva: World Health Organisation; 
2016. [Link]

[3] Sweeney MH, Mocarelli P. Human health effects after expo-
sure to 2,3,7,8-TCDD. Food Addit Contam. 2000; 17(4):303-
16. [DOI:10.1080/026520300283379] [PMID] 

[4] Pesatori AC, Consonni D, Rubagotti M, Grillo P, Bertazzi 
PA, Consonni, et al. Cancer incidence in the population ex-
posed to dioxin after the Seveso accident. Twenty years of 
follow-up”. Environ Health. 2009; 8:39. [DOI:10.1186/1476-
069X-8-39] [PMID] [PMCID] 

[5] Pilsner JR, Parker M, Sergeyev O, Suvorov A. Spermatogen-
esis disruption by dioxins: Epigenetic reprograming and 
windows of susceptibility. Reprod Toxicol. 2017; 69:221-9. 
[DOI:10.1016/j.reprotox.2017.03.002] [PMID] [PMCID] 

[6] Ishiniwa H, Sakai M, Tohma S, Matsuki H, Takahashi Y, 
Kajiwara H, et al. Dioxin pollution disrupts reproduction in 
male Japanese field mice. Ecotoxicology. 2013; 22(9):1335-47. 
[DOI:10.1007/s10646-013-1120-7] [PMID] 

[7] Mohammadi S, Rahmani F, Hasanian SM, Beheshti F, Akbari 
Oryani M, Ebrahimzadeh A, et al. Effects of dioxin on testicu-
lar histopathology, sperm parameters, and CatSper2 gene 
and protein expression in Naval Medical Research Institute 
male mice. Andrologia. 2019; 51(11):e13411. [DOI:10.1111/
and.13411] [PMID] 

[8] Jin MH, Hong CH, Lee HY, Kang HJ, Han SW. Enhanced 
TGF-beta1 is involved in 2,3,7,8-tetrachlorodibenzo-p-di-
oxin (TCDD) induced oxidative stress in C57BL/6 mouse 
testis. Toxicol Lett. 2008; 178(3):202-9. [DOI:10.1016/j.tox-
let.2008.03.015] [PMID] 

[9] Pilsner JR, Shershebnev A, Medvedeva YA, Suvorov A, Wu 
H, Goltsov A, et al. Peripubertal serum dioxin concentrations 
and subsequent sperm methylome profiles of young Rus-
sian adults. Reprod Toxicol. 2018; 78:40-9. [DOI:10.1016/j.
reprotox.2018.03.007] [PMID] [PMCID] 

[10] Choi JS, Kim IW, Hwang SY, Shin BJ, Kim SK. Effect of 
2,3,7,8-tetrachlorodibenzo-p-dioxin on testicular spermat-
ogenesis-related panels and serum sex hormone levels 
in rats. BJU Int. 2008; 101(2):250-5. [DOI:10.1111/j.1464-
410X.2007.07202.x] [PMID] 

[11] Elsayed HYA, Borroto ET, Pliego AB, Dibarrat JA, Ramirez 
FR, Chagoyán JCV, et al. Sperm quality in mouse after ex-
posure to low doses of TCDD. Curr Top Med Chem. 2019; 
19(11):931-43. [DOI:10.2174/1568026619666190520090132] 
[PMID] 

[12] Attari S, Mohammadi S, Ebrahimzadeh A, Hosseinzadeh 
H, Soukhtanloo M, Rajabzadeh A. Effects of thymoquinone 
on sperm parameters, apoptosis, testosterone level, and oxi-
dative stress in a mouse model of D-galactose-induced ag-
ing. Pharm Sci. 2018; 24(3):180-6. [DOI:10.15171/PS.2018.26] 

Mohammadi Sh, et al. Effects of dioxin on testicular apoptosis . PBR. 2023; 9(1):1-6

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://en.opasnet.org/w/Are_the_dioxins_the_most_dangerous_chemicals_in_our_environment%3F
https://www.who.int/news-room/fact-sheets/detail/dioxins-and-their-effects-on-human-health
https://doi.org/10.1080/026520300283379
https://www.ncbi.nlm.nih.gov/pubmed/10912244
https://doi.org/10.1186/1476-069X-8-39
https://doi.org/10.1186/1476-069X-8-39
https://www.ncbi.nlm.nih.gov/pubmed/19754930
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2754980
https://doi.org/10.1016/j.reprotox.2017.03.002
https://www.ncbi.nlm.nih.gov/pubmed/28286111
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6143293
https://doi.org/10.1007/s10646-013-1120-7
https://www.ncbi.nlm.nih.gov/pubmed/24026525
https://doi.org/10.1111/and.13411
https://doi.org/10.1111/and.13411
https://www.ncbi.nlm.nih.gov/pubmed/31599008
https://doi.org/10.1016/j.toxlet.2008.03.015
https://doi.org/10.1016/j.toxlet.2008.03.015
https://www.ncbi.nlm.nih.gov/pubmed/18467041
https://doi.org/10.1016/j.reprotox.2018.03.007
https://doi.org/10.1016/j.reprotox.2018.03.007
https://www.ncbi.nlm.nih.gov/pubmed/29550351
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6130911
https://doi.org/10.1111/j.1464-410X.2007.07202.x
https://doi.org/10.1111/j.1464-410X.2007.07202.x
https://www.ncbi.nlm.nih.gov/pubmed/17868417
https://doi.org/10.2174/1568026619666190520090132
https://www.ncbi.nlm.nih.gov/pubmed/31109276
https://doi.org/10.15171/PS.2018.26


This Page Intentionally Left Blank


