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INTRODUCTION 

A wide range of creatures, including pufferfish, blue-
ringed octopuses, several crabs, and numerous am-

phibians, contain tetrodotoxin (TTX). A strong neurotoxin 

known as TTX was initially discovered in a few Tetrao-
dontidae pufferfish species. It is unbound by proteins, low 
molecular weight, tasteless, odorless, and heat-stable (Has-
soun et al., 2022). Fast voltage-gated sodium channels are 
blocked by tetrodotoxin, which results in toxicity and clin-
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ical symptoms related to the heart, brain, and gastrointes-
tinal systems (Zimmer, 2010). Time and dose depend on 
when tetrodotoxin toxicity first manifests and how severe it 
gets. Clinical signs and symptoms might vary from uncer-
tain, mild complaints to respiratory failure, paralysis of the 
muscles, and even death (Alhatali et al., 2022). At much 
lower dosages, tetrodotoxin exhibits therapeutic benefits; 
it is presently primarily used to treat visceral, neuropathic, 
and/or cancer-related pain. (Bucciarelli et al., 2021).

Vinagre et al. (2003) and Pinho et al. (2005), Al-Sabaawy 
and Al-Kaisie (2021) found that some toxins produce oxi-
dative stress and disrupt crustacean osmotic and ionic pro-
cesses. The toxins of lagocephalus lagocephalus (tetrodotoxin) 
are well documented to have a range of effects on organism 
cells. Saoudi et al. (2011) examined lagocephalus lagocephalus 
meat and liver extracts’ hepato- and nephrotoxic effects on 
rats. Using raw or cooked lagocephalus lagocephalus extracts 
can lower serum level of transaminases (Aspartate Ami-
notransferase, Alanine transaminase) Alkaline Phosphatase, 
Lactic Dehydrogenase, and Gamma Glutamyl Transferase 
enzyme and increase of these enzyme in liver (Saoudi et al., 
2011). Long-term toxin delivery causes the mitochondri-
al and monooxygenase systems to malfunction, which can 
lead to changes in these systems including an increase in 
reactive oxygen species (ROS) production (Ito et al., 2000). 
Oxidative stress and cell damage may result from increased 
reactive oxygen species (ROS) generation that exceeds 
antioxidant defense and repair capabilities (Zegura et al., 
2003, Abd and Gathwan, 2022). According to Özogul and 
Hamed (2018), anatoxin and tetrodotoxin are both Mar-
ian toxins with similar clinical symptoms, which means 
that the histopathological alterations caused by anatoxin 
are the same as those caused by tetrodotoxin. In the testes 
of mice, anatoxin caused dose-dependent histopatholog-
ical changes that included seminiferous tubule degenera-
tions, spermatogenetic cell line intercellular disassociation, 
germ cell sloughing into the tubular lumen, vacuolization 
in Sertoli cells, and germ cell loss (Yavasoglu et al., 2008). 
Additionally, in all treatment groups, there was a signifi-
cant decrease in the epithelial thickness of seminiferous tu-
bules in a dose-dependent manner. According to He et al.’s 
investigation from 2022, exogenous tetrodotoxin (TTX) 
administration mostly caused feminization of the testis 
gene expression pattern, upregulation of additional met-
abolic pathways, and an increase in apoptosis in Takifugu 
rubripes. More evidence supporting the negative effects 
of high tetrodotoxin on testicular development. Accord-
ing to Yavasoglu et al. (2008), anatoxin (marange toxin) 
significantly reduces cauda epididymis weights in treated 
groups compared to controls. All treatment groups showed 
dose-dependent decreases in cauda epididymis sperm rela-
tive to controls. Therefore, the current work’s emphasis was 
on histopathological, immunohistochemical changes and 

biochemical effects recorded in testes and epididymis of 
male rats injected intraperitoneally with tetrodotoxin.

MATERIALS AND METHODS 

Chemicals
Tetrodotoxin (Purity: >=98%, Formula: C11H17N3O8, Mo-
lecular Weight: 319.27) obtained from Wuhan ChemFaces 
Biochemical CO., Ltd. Company, china, Store in a well 
closed container. Protected from air and light, refrigerate 
or freeze. (2-8°C). Distilled water was used to dissolve and 
dilute tetrodotoxin to the needed amounts.

Experimental Animals 
Sixty mature white male albino rats weight between 190 
and 200 grams and (8-9) weeks age were used in this inves-
tigation. They were procured for adaptation from the vet-
erinary and Medical College’s animal facility at Baghdad 
University. The animals were housed in plastic cages within 
a room that was equipped with air conditioning and main-
tained at a temperature of 25±2 degrees Celsius at all times. 
The bedding in the plastic cages was made of hard-wood 
chips, and it was changed on a regular basis to maintain a 
clean environment. Ad libitum water and food pellets were 
provided to the rats. The University of Baghdad’s College 
of Veterinary Medicine’s local committee for animal care 
and use has approved the use of animals (number 2284/P. 
G at 18/10/2023) in compliance with ethical norms.

Experimental Design
Sixty mature white male albino rats used in this experi-
ment were separated into three groups according to (Hu-
madai and AL-Kaisei, 2023 under press)  each group con-
sisted of twenty animals  as follows:1st group: control group 
contains (20) rats were given distilled water and normal 
pellet for 90 days, 2nd group: contains (20) rats were given 
(0.5 µg/kg.bw) weekly I/P injection by Disposable sterile 
syringes (1 ml)   for 90 days,3rd group: conations (20) rats 
were given (1µg/kg.bw) weekly I/P injection by Disposable 
sterile syringes (1 ml) for 90 days. After 90 days, animals 
from each group were sacrificed for study the biochemical, 
histopathological investigations and immunohistochemis-
try study.

Parameters Of Experiment
Biochemical Analysis (Determination Of Tissue 
Malon Di-Aldehyde Assay (Mda) By Elisa 
Technique
ELISA Kit purchased from China’s ELK Biotechnology 
used to measure the amount of malon Di-aldehyde in male 
rats’ testicles and epididymis tissue as pictograms per mil-
liliter (Pg/mL), and this test was carried out in accordance 
with the manufacturer’s procedure.
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Pathological Analysis
Animals were chloroform-anesthetized and then scarified 
at the conclusion of the trial, which lasted 90 days.  The 
specimens (tests, epididymis) were collected and preserved 
for fixation in a 10% neutral buffered formalin and pro-
cessed them normally using a histokinete after that Par-
affin blocks with implanted tissue slices were sectioned by 
microtome and staining by Hematoxylin and eosin stain 
then investigated in light microscope (Suzuki et al., 2014).

Immunohistochemistry Assays
The immunohistochemistry was performed using Dako 
EnVision detection immunohistochemistry kit (Envision 
FLEX, Dako, K8000, Denmark), Anti-IL-1primary an-
tibody (E-AB-40407, Elabscience, China) and anti-TNF 
alph primary antibody (E-AB-40015, Elabscience, China) 
were used for detection interleukin1 (IL-1) and tumor ne-
crosis factor alpha (TNF alpha) in testes and epididymis 
tissue in current study and this assay was carried out in 
accordance with the manufacturer’s procedure.

Scoring 
In each region, a minimum of 10 randomly selected 
high-power fields were utilized to determine the quantity 
of positive cells present in the tissue samples dyed with dye. 
Additionally, the quantity of positive cells in the fields was 
determined. The immune-stained sections were scrutinized 
by two observers using a light microscope equipped with 
a 400X objective lens. To assess the number of immune 
cells in the liver, brain, testis, and epididymis specimens, 
a count of one thousand cells was performed on each sec-
tion. The scores listed below were utilized to calculate the 
quantitative evaluation of compound expression, according 
to Zenclussen et al. (2003): zero (one to ten), one (fifteen 
to thirty), two (thirty-one to fifty), three (fifty-one to one 
hundred) and four (one hundred twenty to two hundred) 
and more positive cells).

Statistical Analysis
Statistical analysis was done using SAS 9.1 (SAS, 2010). A 
one-way analysis of variance (ANOVA) and a post hoc test 
using the least significant differences (LSD) were used to 
determine the significance of mean differences; statistical 
significance is reached when P < 0.05. 

RESULTS AND DISCUSSION

Tissue Malon Di-Aldehyde (Mda) Assay
The results of Malon Di-Aldehyde in the tissue treated 
with tetrodotoxin for 90 day showed significant increase 
(P< 0.05) in their concentration in testis and epididymis 
(40.74±0.27, 31.30±0.18) respectively at dose 0.5µg/
kg.bw, while at dose 1µg/kg.bw reached to (52.30±0.27, 
46.69±0.19), respectively, compared with control group 

(1075.51±0.23, 51.07±0.21, 31.25±0.19, 16.06±0.18), the 
result was shown in Table (1). 

Table 1: The effect of Tetrodotoxin on (Malon Di aldehyde 
assay) MDA (pg/ ml) in testes and epididymis tissue of rat 
for chronic toxicity.
Organ/Group Testis Epididymis
Control 31.25±0.19c 16.06±0.18c
0.5µg/kg.bw 40.74±0.27b 31.30±0.18b
1µg/kg.bw 52.30±0.27a 46.69±0.19a
LSD 0.74 0.55

*Means with a different letter in the same column are significantly 
different (P<0.05)

Clinical Signs And Symptoms:
In experimental animals, the effects that are observed upon 
acute exposure include skeletal muscle fasciculation, ap-
athy, lethargy, ataxia, ascending progressive paralysis and 
death. 

Histopathological Study

First Group (Control)
No changes observed in the histopathological section of 
this croup 

Second Group (0.5 Μg /Kg. B.w.)
The main histopathological changes of rat testes showed 
sever degenerated changes of spermatogonia cells with ir-
regular appearance of spermatid and presence of edema-
tous substance between degenerated seminiferous tubules. 
In other section obvious disruption of seminiferous tubules 
with necrotic finding of some tubules with absence of ley-
dig cells and evidence of hypospematogensis. Also inter-
tubler edema with mild mononuclear cells infiltration and 
necrotic of immature spermatid with obvious subcapsulear 
vascular congestion and dilation. The histopathological 
section of rat epididymis showed irregularity of epididy-
mal tubules with obvious atrophy of some tubules (Fig. 1).

Third Group (1 Μg /Kg. B.w.)
The main histopathological section showed obvious dis-
ruption of seminiferous tubules with absence of leydig 
cells with central clamping of necrotic spermatogonia. 
Also there is sever degenerative changes of spermatogonia 
cells with irregular appearance of spermatid and presence 
of edematous substance between degenerated seminiferous 
tubules. Marked reduction of spermatogonia cells lining 
with sperm irregularity. In other section there is disor-
ganized irregular seminiferous tubules with subscapular 
dilation and congestion. Also clumping of degenerated 
spermatocyte with necrotic sperms and obvious widening 
of interlobular septa. The histopathological section of rat 
epididymis showed Focal hyperplasia of epididymal lin-
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ing with blood vessels congestion and sever mononuclear 
cells infiltration in the vascular connective tissue. In other 
section there is moderate widening of some epididymal 
tubules with giant tubules appearance and slight degen-
eration of mature sperms. Fibrovascular tissue and newly 
form capillaries between epididymal tubules with evidence 
of sperms stasis. (Fig. 2)

Figure 1: Histopathological section of testes and 
epididymis tissue from tetrodotoxin treated group (0.5 
µg/kg.bw) of male albino rats (A) sever degenerated 
changes of spermatogonia cells (red arrow) with irregular 
appearance of spermatid (yellow arrow) with presence of 
edematous substance between degenerated seminiferous 
tubules. (B) obvious disruption of seminiferous tubules 
(red arrow) with necrotic finding of some tubules (yellow 
arrow) with absence of leydig cells (blue arrow). (C) 
complete loss of leydig cells (red arrow) with evidence of 
hypospematogensis (yellow arrow). (D) intertubler edema 
(red arrow) with mild mononuclear cells infiltration (yellow 
arrow) with necrotic of immature spermatid (blue arrow). 
complete necrosis of spermatogonial cells (red arrow) with 
obvious subcapsulear vascular congestion and dilation 
(yellow arrow). (E) complete necrosis of spermatogonial 
cells (red arrow) with obvious subcapsulear vascular 
congestion and dilation (yellow arrow).   H&E, x10. (F) 
marked irregularity of epididymal tubules (red arrow) with 
obvious atrophy of some tubules (yellow arrow). H&E, x40

Immunohistochemistry Study

Interleukin1 (Il1) Expression
The results of IL1 expression in the tissue treated with tet-
rodotoxin for 90 day showed significant elevation (P<0.05) 
in their score in testes and epididymis (42.67±0.33, 
47.33±0.33) respectively at dose 0.5µg/kg.bw, while at 

dose 1µg/kg.bw reached to (99.00±0.57, 97.33±0.33) re-
spectively compared with control group (0.00±0.00), the 
result was shown in Table 2.

Figure 2: Histopathological section of testes and epididymis 
tissue from tetrodotoxin treated group (1µg/kg.bw) of 
male albino rats (A) disruption of seminiferous tubules 
(red arrow) with absence of leydig cells (yellow arrow) with 
central clamping of necrotic spermatogonia (blue arrow).
(B) sever degenerative changes of spermatogonia cells (red 
arrow) with irregular appearance of spermatid (yellow 
arrow) with presence of edematous substance between 
degenerated seminiferous tubules (blue arrow).(C) marked 
reduction of spermatogonia cells lining (red arrow) with 
sperm irregularity (yellow arrow).(D) disorganized 
irregular seminiferous tubules (red arrow) with subcapsular 
dilation and congestion (yellow arrow).(E) clumping of 
degenerated spermatocyte (red arrow) with necrotic sperms 
(yellow arrow) with obvious widening of interlobular septa 
(blue arrow).(F) focal hyperplasia of epididymal lining 
(red arrow) with blood vessels congestion (yellow arrow) 
with sever mononuclear cells infiltration in the vascular 
connective tissue (blue arrow) (H&E stain, X10, inset 
X40).(G) moderate widening of some epididymal tubules 
(red arrow) with giant tubules appearance (yellow arrow) 
with slight degeneration of mature sperms (blue arrow) 
(H&E stain, X10, inset X40).(I) fibrovascular tissue with 
newly form capillaries between epididymal tubules (red 
arrow) with sperms stasis (yellow arrow). (H&E stain, 
X10).
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Table 2: The effect of tetrodotoxin on scoring for 
interleukin1 (IL1) expression in rat tissues for chronic 
toxicity.
Group/Organ         Testis Score Epididymis    Score

1st group
 (Control)

0.00±
0.00c

0 0.00±
0.00c

0

2nd group
(0.5µg/kg.bw)(1/20)

42.67±
0.33b

2 47.33±
0.33b

2

3rd group 
(1µg/kg.bw)(1/10)

99.00±
0.57a

3 97.33±
0.33a

3

LSD 1.33 0.94

*Means with a different letter in the same column are 
significantly different(P<0.05)

Imunohistochamical Sections For Interleukin1 (IL 1) 
Detection
The result of Immunohistochemistry section of testis tis-
sue for treated group showed moderate immune positive 
cells for interleukin 1 (IL1) antibody mainly in sertoli cells 
and spermatogonia and in interstitial leydig cells mostly 
in 3rd group. result of Immunohistochemistry section of 
epididymis tissue in treated group showed numerous im-
mune positive cells for interleukin 1 (IL1) antibody in the 
epididymal epithelial cells lining mostly in 3rd group (Fig. 
3).

Tumor Necrosis Factor Alpha (TNF alpha) Expression 
The results of tumor necrosis factor alpha (TNF α) ex-
pression in the tissue treated with tetrodotoxin for 90 day 
showed significant elevation (P< 0.05) in their score in tes-
tes and epididymis (75.67±0.33, 78.67±0.33) respectively 
at dose 0.5µg/kg.bw, while at dose 1µg/kg.bw reached to 
(113.67±0.33, 119.67±0.33), respectively, compared with 
control group (0.00±0.00), the result was shown in Table 3.

Table 3: The effect of tetrodotoxin on scoring for tumor 
necrosis factor alpha (TNF alpha) expression in rat tissues 
for chronic toxicity.
Group/Organ Testis Score Epididymis Score

1st group (Control) 0.00±
0.00c

0 0.00±
0.00c

0

2nd group 
(0.2µg/kg.bw)
(1/20)

75.67±
0.33b

3 78.67±
0.33b

3

3rd group
(1µg/kg.bw)(1/0)

113.67±
0.33a

4 119.67±
0.33a

4

LSD 0.94 0.94
*Means with a different letter in the same column are significantly 
different (P<0.05).

Imunohistochamical Sections For Tumor Necrosis Fac-
tor Alpha (TNFα ) Detection
The result of Immunohistochemistry section of testes tis-

sue showed numerous immune positive cells for TNFα an-
tibody in sertoli cells and spermatogonia. The result of Im-
munohistochemistry section of epididymis tissue showed 
numerous and moderate immune positive cells for TNFα 
antibody in the epididymal epithelial cells lining (Fig. 4).

Figure 3: Immunohistochemistry section of testes and 
epididymis tissue from tetrodotoxin treated group (A,B,C) 
(0.5µg/kg.bw),(D,E,F) (1µg/kg.bw) of male albino rats 
(A),(B) moderate immune positive cells for IL 1 antibody 
(arrow)mainly in sertoli cells and spermatogonia.(C) 
numerous immune positive cells for IL 1 antibody (arrow)
in the epididymal epithelial cells lining.(D) numerous 
immune positive cells for IL 1 antibody (arrow) in 
spermatocyte. (E) moderate immune positive cells for IL1 
antibody (arrow) in epididymal epithelial cells lining.(F) 
numerous immune positive cells for IL 1 antibody (arrow) 
in epididymal epithelial cells lining. (DAB- chromogen, 
X40).

DISCUSSION 

Lipid peroxidation of polyunsaturated fatty acids produces 
malon Di-aldehyde. The amount of malon Di-aldehyde in 
tissues can be used to evaluate the degree of lipid peroxi-
dation (Laura et al., 2003). Malon Di-aldehyde is produce 
when polyunsaturated lipids are broken down by reactive 
oxygen species. The synthesis of this molecule, a reactive 
aldehyde, employed as a biomarker to estimate an organ-
ism’s level of oxidative stress because it is one of the sev-
eral reactive electrophile species that induce toxic stress in 
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Figure 4: Immunohistochemistry section of testes and 
epididymis tissue from tetrodotoxin treated group (A, B) 
(0.5µg/kg.bw), (C, D) (1µg/kg.bw) of male albino rats 
(A) numerous immune positive cells for TNFα antibody 
(arrow) in sertoli cells and spermatogonia. (B) moderate 
immune positive cells for TNFα antibody (arrow) 
epididymal epithelial cells lining. (C) mild immune positive 
cells for TNFα antibody (arrow) mainly in spermatogonia. 
(D) numerous immune positive cells for TNFα antibody 
(arrow) in epididymal epithelial cells lining. (DAB- 
chromogen, X40).

cells (Fabisiak et al., 2002 and Kang, 2006). The findings 
of the chronic toxicity exposure of malon Di-aldehyde 
in animal tissues were not consistent, with the testes and 
epididymis exhibiting significantly higher concentrations 
(P<0.05) throughout every experimentation period and 
for both doses. This might be because tetrodotoxin incite 
the production of lipid peroxides, reactive oxygen species 
(ROS), DNA damage, and antioxidant enzyme activity in 
hepatocytes through the action of multispecific bile acid 
transporters (Gehringer et al., 2004). Moreover, as indi-
cated by the increased levels of thiobarbituric acid reactive 
substances (TBARS), this raises the body’s oxidative stress. 
This is also associated with decreased levels of the scav-
enging enzymes in the liver, kidney, and spleen, including 
catalase, glutathione peroxidase activity (GPx), and super-
oxide dismutases (SOD) (Ding et al., 1998, Neama and 
Yousif, 2022). Furthermore, due to the testicular tissue’s 
extremely rapid rate of cell division, mitochondrial oxygen 
consumption, and relatively greater quantities of unsatu-
rated fatty acids than in other tissues, oxidative stress plays 
a significant role in the development of male infertility 
(Asadi et al., 2017). Oxidative stress caused by free radicals 
has a major role in sperm production and growth, sperm 
count reduction, sperm DNA fragmentation, and aberrant 
sperm production. Infertility is the result of these changes 
in sperm DNA alterations (Saleh and Agarwa, 2002). Li-

pid peroxidation is inducing in spermatozoa by increased 
reactive oxygen species (ROS) generation, and this has two 
significant effects: 1) Diminishing the sperm-oocyte com-
bination; 2) rising the spermatozoa’s capacity to adhere 
to the transparent region (zona placida) (Said and Agar-
wa, 2005). Additionally, oxidative stress damaged sperm 
DNA, which is why it’s critical to preserve the accuracy 
and integrity of the DNA in the sperm nucleus in order 
to transfer genetic material entirely from one generation 
to the next. This is because genetic material disorders re-
sult in faulty genetic information being transmitted to 
the embryo. DNA deterioration increases under oxidative 
stress (Bennetts and Aitken, 2005, AL-Okaily and Now-
fel, 2015). According to Wu et al. (2020), oxidative stress 
induced long-term alterations in the growing spermato-
zoa and epididymis that degrade the quality of sperm. In 
humans and other mammals, epididymal maturation is an 
essential stage in the development of viable and healthy 
spermatozoa (Robaire et al., 2006). Following spermato-
genesis, immature, immotile, completely formed sperma-
tozoa enter the epididymis. As they exit, they develop the 
ability to move and physical characteristics that maximize 
their capacity for fertilization (Robaire et al., 2006). Along 
with sperm maturation, the epididymis supplies sperma-
tozoa with vital proteins through epididymosomes to pre-
serve their biological functions and shield them from pos-
sible harm including oxidative stress-dependent injuries 
(Sullivan et al., 2007).

The microscopic finding of chronic toxicity in the current 
study showed severe pathological changes in many or-
gans and the severity of the lesions was dose dependent. 
The supporting guide derived from our histopathological 
changes of testes and epididymis in both tetrodotoxin con-
centrated groups showed different pathological lesions due 
to tetrodotoxin toxicity but these changes was more in-
tensive in 3rd groups. Testes and epididymis in both group 
showed degenerated changes of spermatogonia cells, irreg-
ular appearance of spermatid, presence of edematous sub-
stance between degenerated seminiferous tubules, necrosis 
of some tubules, absence of leydig cells, central clamping 
of necrotic spermatogonia ,mononuclear cells infiltration, 
reduction of spermatogonia cells lining with sperm irregu-
larity, evidence of hypospermatogensis, irregularity and at-
rophy of some epididymal tubules, sperm stasis, hyperplasia 
of epididymal lining, sever mononuclear cells infiltration. 
These result indicate that tetrodotoxin responsible for in-
creasing oxidative stress which induce alteration in plasma 
membrane by increasing lipid peroxidation and causes in-
hibition of sperm viability due to testicular and epididymal 
dysfunction (Asadi et al., 2017). As well, the sperm is pro-
duced by the testes required furthermore processing in the 
epididymis to mature and acquired the ability to fertilize 
(Xie et al., 2016). The epididymis is an important organ 
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for maturing of sperm and gain their capability to ferti-
lize (Han et al., 2019). These findings are consistent with 
those of Yavasoglu et al. (2008), who found that anatoxin-a 
(Marian toxin)-treated mice had lower sperm counts in 
their cauda epididymis across all treatment groups as com-
pared to control animals. Tetrodotoxin also reduced sperm 
motility and density. In mouse testes, anatoxin-a induces 
histopathological alterations that include degenerations of 
seminiferous tubules, spermatogenetic cell line intercel-
lular disassociation, sloughing of germ cells into tubular 
lumen, vacuolization in Sertoli cells, and loss of germ cells. 
The epithelial thickness of seminiferous tubules signifi-
cantly decreased in all treatment groups.

The current results of immunohistochemically study 
showed increased in interleukin 1 (IL1) expression in the 
different rat organs that treated chronically with tetrodo-
toxin, the highest score was in the testes and epididymis 
(3) specially at 3rd group. This results are due to the tetro-
dotoxin toxicity that causes injury in these organs so many 
proinflammatory cytokines will be release to the circula-
tion like Interleukin 1. (IL1) is a potent proinflammato-
ry cytokine capable of triggering multiple physiological 
processes such as activation of lymphocytes, induction of 
acute-phase hepatic proteins, infiltration of leukocytes at 
sites of infection, fever and anorexia (Dinarello, 2006, Din-
arello, 2009, Al-Ghurabi, 2013), clearly indicating that this 
cytokine is critical for innate immune response (AL-Sa-
marraae and AL –Maadhidi, 2018). Interleukin 1 (IL1) 
mainly produced by macrophages during defensive reac-
tions (Boraschi, 2022). The term interleukin 1(IL-1) refers 
to two cytokines, interleukin 1 alpha (IL-1α) and interleu-
kin 1 bata (IL-1β) (Kaneko et al., 2019). interleukin 1 alpha 
(IL-1α) released from necrotic cells is considered a major 
inducer of sterile inflammation in several ischemic condi-
tions, by inducing neutrophil and macrophage recruitment 
and interleukin 1 bata (IL-1 β) expression and maturation 
(Dinarello, 2012; Bertheloot and Latz, 2017). Additionally, 
it has been observed that testicular macrophages, postmei-
otic germ cells, and Sertoli cells all produce interleukin 1 
alpha (IL-1 α). Testicular macrophages, Sertoli cells, Ley-
dig cells, and germ cells have all been found to carry inter-
leukin 1 IL-1 receptors, indicating both autocrine and par-
acrine activities. Although this proinflammatory cytokine 
plays a significant role in maintaining normal testicular 
homeostasis, increased expression of it can cause dysfunc-
tions in the testicles by tipping the scales in favor of in-
flammatory and immune responses. Once immune cells 
such as neutrophils and lymphocytes are either drawn to 
the testis or activated there such as by macrophages, germ 
cell apoptosis is seen, and spermatogenesis is interrupted 
(Lysiak, 2004).

The results of immunohistochemistry in the current study 

showed increase in tumor necrosis factor alpha (TNF α) 
expression in organ of rat treated with tetrodotoxin chron-
ically the highest score was in the testes and epididymis (4) 
this result is due to the toxicity of tetrodotoxin that caus-
es injury and inflammation in these treated organ which 
lead to various proinflammatory cytokines released to the 
bloodstreams such as tumor necrosis factor alpha (TNF 
alpha). tumor necrosis factor alpha (TNF α) is a cytokine 
that affects different kinds of cells in pleiotropic ways. It is 
known to play a role in the etiology of some inflammatory 
and autoimmune disorders and has been identified as a key 
regulator of inflammatory responses (Bradley, 2008, Yar et 
al., 2012). It is primarily produced by T lymphocytes, nat-
ural killer cells, activated macrophages (including alveolar 
macrophages, microglia, Langerhans cells, Kupffer cells, 
and astrocytes) and T lymphocytes (Horiuchi et al., 2010). 
It is functionally known to initiate a cascade of other in-
flammatory chemicals, such as chemokines and additional 
cytokines. On the other hand, excessive or improper tumor 
necrosis factor alpha (TNF α) signaling activation is linked 
to chronic inflammation and may eventually cause the 
emergence of clinical consequences including autoimmune 
disorders ( Jang et al., 2021). TNF-α is a crucial cytokine 
that can cause inflammation and apoptosis, and it is essen-
tial in the disturbance of macrovascular and microvascu-
lar circulation both in vivo and in vitro (Yamagishi, 2009; 
Zhang, 2009). (Yang and Shao, 2016). Increased synthesis 
of TNF-α occurs when ROS are present, and tumor ne-
crosis factor alpha (TNF-α) signaling exacerbates oxida-
tive stress (Zhang, 2009). According to Zelová and Hošek 
(2013), there is a correlation between altered coagulation 
propensity and tumor necrosis factor alpha overexpression. 
tumor necrosis factor alpha, in brief, contributes to leuko-
cyte adherence to the epithelium via expressing adhesion 
molecules causing vasodilatation and edema development. 
Moreover, it controls blood coagulation, increases oxida-
tive stress at inflammatory sites, and indirectly raises body 
temperature (Zelová and Hošek, 2013). According to Yang 
and Seki (2015), tumor necrosis factor alpha (TNF α) in-
duces apoptosis, proliferation, and inflammation. Testic-
ular macrophages, pachytene spermatocytes, and round 
spermatids all release tumor necrosis factor alpha (TNF 
alpha) in the testes. Numerous studies indicate that tumor 
necrosis factor alpha (TNF α) in the normal testis func-
tions through a paracrine pathway, and tumor necrosis fac-
tor receptors have been identified on Sertoli and Leydig 
cells. Under normal physiological settings, the testis pro-
duces tumor necrosis factor alpha (TNFα), which is crucial 
for preserving testicular function. Nonetheless, in some 
pathological situations, such as testicular torsion, testicu-
lar inflammation, and immunological response including 
the stimulation of immune cells (lymphocytes, neutrophils, 
macrophages) to testes, there is a rise in the expression of 
this cytokine. Testes with spermatogenesis disruption also 
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exhibit apoptosis (Lysiak, 2004).

CONCLUSION AND 
RECOMMENDATION 

On the basis of the current study’s experimental results, 
we showed that tetrodotoxin has a harmful toxic effect on 
rats that indicated the effects of oxidative stress and in-
crease interleukin 1 (IL1) and tumor necrosis factor alpha 
(TNFα) expression also induce pathological lesion  in the 
testes characterized by absence of leydig cells and necrotic 
of immature spermatid with central clamping of necrotic 
spermatogonia, disorganized irregular seminiferous tubules 
with subscapular dilation and congestion, in epididymis 
tissue the most histopathological section showed widen-
ing of intertubular distance with evidence of sperm sta-
sis and moderate cellular infiltration in peritubular tissue, 
focal hyperplasia of epididymal lining with blood vessels 
congestion and sever mononuclear cells infiltration in the 
vascular connective tissue, Fibrovascular tissue with newly 
form capillaries between epididymal tubules. Therefore, it 
is best to avoid eating fish species that contain tetrodotoxin 
in order to reduce the risks to one’s health.
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