
Introduction 

Environmental compounds belong to the endocrine-
disrupting chemicals (EDCs) are a diverse group of 
the worldwide synthetic or natural substances defined 

according to its endocrine activity, adversity of effects, 
and a possible correlation cause-effects [1]. EDCs 
can be used in industry for the different applications 
such as lubricants and solvents (polychlorinated 
biphenyls, polybrominated diphenyl ethers and 
dioxins) [2-4], plastics (bisphenol A and S) [5, 6], 
pesticides and herbicides (atrazine, cypermethrin, 
dichlorodiphenyltrichloroethane, dieldrin, methoxychlor, 
and vinclozolin) [4, 7], and organic compounds 
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Abstract

The presence of endocrine-disrupting chemicals (EDCs) in various environments indicates a serious 
problem due to their persistent nature and their varied toxic effects to the different organisms. Phthalates 
are a class of EDCs that include industrial chemicals with a wide range of toxicological properties. Due 
to varied use of phthalates and its leaching property, it ultimately concentrates into the water bodies for 
high health risk. So, the present study was designed to elucidate the effect of Benzyl Butyl Phthalate 
(BBP) on the gonads of African catfish, Clarias gariepinus. The fishes were exposed to the BBP at low 
(2 mg/L) and high (6 mg/L) doses for 5 and 10 days for both the concentration. Significant exposure-
dependent alterations were observed in the histological structure of gonads of both male and female.  
The ovaries showed severe disruption of the ovarian follicles, disintegrated nucleus, nucleolar 
vacuolization, disorganize nucleolar ring, fused and disintegrated oocytes. In the case of testes, it 
showed vacuolization in the seminiferous tubules, empty and disintegrated seminiferous tubules, 
degeneration of germ cells, and hypertrophy of Sertoli cells. Thus, such histological changes of the 
gonads due to BBP may impair the normal reproductive function in both male and female C. gariepinus.
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(diethylstilbestrol, ethyl estradiol) [8], plasticisers 
(phthalates) [4].  

It has been shown that the primary source of EDCs 
exposure to humans and animals are the ingestion of 
contaminated food and water [9, 10]. However, it can 
also occur through the inhalation of the contaminated 
air and through the skin contact [11]. Moreover, recently 
it has been also observed that human can expose 
through the medical consumables and devices such as 
catheters, breathing and respiratory equipments, and 
blood bags which contain different mixtures of EDCs 
[12]. EDCs can affect multiple endocrine pathways, 
particularly it shows serious impact on the different 
reproductive pathways. Among all of them, disturbance 
of estrogen or androgen-mediated processes [13, 14] are 
the most common pathway. Most of the EDCs are xeno-
estrogens, which are able to bind with the estrogen 
receptor [15]. Thus, EDCs can affect the different 
biological systems through agonistic or antagonistic 
interactions with receptors and alters the hormone 
levels in the body [16-18]. 

Phthalates are industrial chemicals with different 
applications and toxicological properties. Specifically, 
they are used as plasticizers to add softness, flexibility, 
durability, transparency, and longevity to a variety of 
consumer, industrial, and medical products [19, 20]. 
They are broadly used in the manufacture of plastics, 
solvents, sealants, paints, varnishes, detergents, and 
some personal care products, toys, household products, 
as well as in the food processing, and pharmaceutical 
industries [19, 21]. They are classified into two distinct 
groups based on their molecular weight: (a) high 
molecular weight compounds (di-2-ethylexyl phthalate), 
primarily used as plasticizers in the manufacture of 
flexible vinyl plastic present in consumer products, 
flooring and wall covering, and medical devices [11]; (b) 
low molecular weight compounds (diethyl phthalate and 
dibutyl phthalate), used in personal care products such 
as solvents for perfumes and fixatives for the hair spray 
[22], as solvents and plasticizers for cellulose acetate 
[11]. 

Moreover, much importance has been given to 
phthalate metabolites such as three di-(2-ethylexyl) 
phthalates, mono-(2- ethylexyl) phthalate (MEHP), 
mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), 
and mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP) 
[11]. Among these phthalates, di-2-ethylexyl phthalate 
and dibutyl phthalate are the most widely used for 
flexibility and transparency to numerous plastics made 
of polyvinyl chloride (PVC) [23]. Since phthalates are 
not covalently bound to the polymer, they can leach 
from the plastics into foods, water, beverages, and body 
fluids [12, 24]; with product age, use, and ultraviolet 
light exposure, making them available for biological 
exposure [19]. 

With wide variety of physical and chemical 
properties, phthalates are used in a multitude of 
consumer and industrial products that demands high 
performance, long lasting and durability. While they 

can be employed in a variety of applications, phthalates 
are not necessarily interchangeable. The characteristics 
of individual phthalates often make it well suited to a 
particular products, allowing manufacturer to meets 
unique requirements for its use (function and safety 
specification), appearance (texture, color, size and 
shape) and durability. For this reason, substitutions 
could sacrifice the functionality, quality, longevity, cost 
or performance of the product. With the varied range 
of uses of phthalates they tends to come frequently in 
contact with human and other organisms.

Therefore, the present study had been conducted to 
study the effect of exposure to benzyl butyl phthalate, 
a member of the phthalate family on the histological 
architecture of gonads of African catfish Clarias 
gariepinus. The air breathing freshwater African 
catfish, Clarias gariepinus was selected for the present 
study as they are available throughout the year and 
can be easily transported and maintained in laboratory 
conditions. Moreover, the fish is known for its high 
tolerance capability and survivability. It also have high 
resilience power in harsh habitat conditions. It has a 
high tolerance capability and a hardy nature, making it 
ideal for experimentation.

Materials and Methods

Collection and Maintenance 

Clarias gariepinus, also known as African mud 
catfish, exists in the wild but it is also cultivated in 
ponds, and cages for different commercial importance. 
This is an omnivorous fish with a preference of 
planktonic diet [25]. It also feeds on the other types 
of food items such as insects,  insect larvae and pupae, 
fish and fish remains. So, it also has a propensity for 
being carnivorous. All the fishes, which have been  
used in the present study, were brought from the local 
market of Nagpur, Maharashtra (21°8’47.8788’’N and 
79°5’19.8960’’E). The body weight of fishes were 
300±25 gm and their length were 33.50±05 cm. The 
fishes were maintained in a glass aquarium containing 
30 litres tap water, with normal abiotic conditions. 
Before the experiment, the fishes were acclimatized 
for one week by keeping 6 fishes in one aquarium. The 
fishes were fed with minced goat liver every alternate 
day and water was changed at the interval of one day. 

Experimental Design 

For the present study, the chemical Benzyl butyl 
phthalate (No.: RM7882) was purchased from HiMedia 
laboratories Pvt. Ltd. (CAS No.: 85-68-7). The three 
aquariums were taken filled with 30 litres of tap water 
and each aquarium was occupied with 3 male and  
3 female fishes. In those three aquariums, fishes were 
grouped as control treatment, low dose treatment  
(2 mg/L) and high dose treatment (6 mg/L) respectively, 
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and labelled them accordingly. The experimental 
fishes were treated by adding benzyl butyl phthalate in 
the aquarium for 5 and 10 days. After 5 and 10 days, 
the fishes of all three treatments were sacrificed for 
histological examination of gonads (testis and ovary). 
Small pieces of the gonads were taken and immediately 
fixed in Bouin’s fixative. Fixed tissues were processed 
routinely for the paraffin embedding technique. 
Embedded tissues were sectioned at 5μ in thickness 
and then stained with Eharlich Hematoxylin and eosin 
stain (H & E) and mounted in DPX. The slides were 
observed under the microscope at 100X and 400X.

Observations and Results 

In the slides, lesions were observed in gonads of 
treated fishes for both the experimental treatments in 
compared to the control treatment. The occurrence and 

degree of alteration in gonads were positively related 
to the doses of the BBP.  The following changes were 
observed in the ovary and testis. 

Histopathological Changes in the Ovary 

The ovary of the fishes of control group were 
showed four stages of the follicular development which 
were chromatin nucleolus stage, early perinucleolus 
stage, late perinucleolus stage, and primary yolk stage 
(Photoplate I) 

Ovaries which were exposed with the 2 mg/L BBP 
for 5 days, showed the vaccuolation in the early 
perinucleolus stage follicles, atretic follicles, development 
of inter-follicular space in oocytes, degeneration of 
immature follicles, fusion of follicles, nuclear shrinkage, 
destructed of the follicular layer, disorganization 
of nucleolar ring, disintegration of the nucleus, and 
vacuolization in follicular layer (Photoplate II). 

Photoplate I. Microphotograph showing histological structure in the ovary of control group of fish Clarias gariepinus showing  
(A) CN- Chromatin nucleolus stage, EPN- early perinucleolus stage (B) LPN- Late perinucleolus stage (C) PYS- Primary yolk stage.

Photoplate II. Microphotograph showing histopathological changes in the ovary of fish Clarias gariepinus exposed to 2 mg BBP for 
5 days showing (A) V- Vacuolization in early perinucleolus (B) AF- Atritic follicle and development of intra-follicular space (C) 
Red arrow showing degeneration of immature follicle and black arrow showing fusion of follicles. (D) Nuclear shrinkage (E) DFL- 
Destructed follicular layer (F) V- Vacuolation in follicles (G) N- Disorganization of nucleolar ring along with disintegration of nucleus. 
(H) Vacuolization in the follicular layer.
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On the other hand, ovaries which were exposed 
to the 6 mg/L BBP for 5 days, showed change in  
the normal shape of the primary follicles, atretic 
follicles, degeneration of early yolk follicles, ruptured 
follicle layer, disintegration of the nucleus, severe 
vacuolization in the follicular layer, severe rupture in 
the follicular wall, fusion of follicles, and vacuolization 
in early perinucleolar stage of the follicles (Photoplate 
III). 

For 10 days treatments, ovaries showed shapeless 
primary yolk follicles, atretic follicles, karyoplasmic 
clumping, degenerated nucleoli, severe vacuolization 

of late perinucleolus stage, disorganization of nucleolar 
ring, nucleolar vacuolization, and fusion along with 
disintegration of oocytes (Photoplate IV) when exposed 
to 2 mg/L BBP. 

On the other hand, ovaries were exposed to the  
6 mg/L BBP for 10 days, showed cytoplasmic 
liquefaction, degeneration of the nuclear membrane, 
karyoplasmic clumping, shapeless perinucleolar stage 
follicles, disintegration of follicles, destructed follicular 
layer, fusion of follicles, nuclear vacuolization, and 
shapeless follicles (Photoplate V).

Photoplate III. Microphotograph showing histopathological changes in the ovary of fish Clarias gariepinus exposed to 6 mg BBP for 5 
days showing (A) and (B) changes in the normal shape of primary follicle (C) AF- atretic follicle and black arrow showing degeneration 
of early yolk follicle (D) black arrow showing RFL- ruptured follicle layer and red arrow showing disintegration of nucleus (E) severe 
V- vacuolization in follicle layer (F) severe RFW- rupture of follicular wall (G) rupture of follicular wall along with fusion of follicles 
(H) vacuolization in the early perinucleolus stage of follicles.

Photoplate IV. Microphotograph showing histopathological changes in the ovary of fish Clarias gariepinus exposed to 2 mg BBP for  
10 days showing (A) and (B) shapeless primary yolk follicle (C) AF- atretic follicle (D) karyoplasmic clumping along with degenerated 
nucleoli (E) severe vacuolization in late primary follicle stage (F) disorganization of nucleolar ring along with nucleolar vacuolization 
(G) fusion and disintegration of oocyte.
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Histopathological Changes in the Testis 

The testes of the control group was showed various 
developmental stages such as primary spermatogonia, 
secondary spermatogonia, primary spermatocytes, 
secondary spermatocytes, spermatids, and spermatozoa 
(Photoplate VI). 

Histological examination of the testes of the fishes 
which were exposed to the 2 mg/L BBP for 5 days 
showed disorganization of seminiferous tubules, 
vacuolization in the seminiferous tubules, empty 
seminiferous tubules, degeneration of germ cells, 
hypertrophy of Sertoli cells, and disintegration of the 
cyst (Photoplate VII). 

On the other hand, histological examination of 
the testes which  were exposed to the 6 mg/L BBP 
for 5 days showed vacuolization in spermatocyte, 
disintegration cyst of spermatocytes, uneven distribution 
of spermatozoa, degenerated spermatozoa, degeneration 
of seminiferous tubules, hypertrophy of Sertoli cells, 
and clumping of spermatozoa (Photoplate VIII).

In the 10 days treatments, in which testes of the fishes 
were exposed to 2 mg/L BBP, showed degeneration 
of seminiferous tubules, empty seminiferous tubules, 
vacuolization in spermatogonia cells, and hypertrophy 
of Sertoli cells (Photoplate IX).  

For the same duration as above when testes of fishes 
were exposed to the 6 mg/L BBP, showed degenerated 

Photoplate V. Microphotograph showing histopathological changes in the ovary of fish Clarias gariepinus exposed to 6 mg BBP for 
10 days showing (A) cytoplasmic liquefaction along with degeneration of nuclear membrane (B) white arrow showing karyoplasmic 
clumping and red arrow showing shapeless late perinuclear stage follicle (C) yellow arrow showing disintegration of follicles and black 
arrow showing disintegrated follicular layer (D) fusion of follicles (E) and (F) nuclear vacuolization (G) shapeless follicle.

Photoplate VI. Microphotograph showing histological structure in the testis of control group of fish Clarias gariepinus showing (A) 
SSG- secondary spermatogonia, S- spermatozoa, PSG- primary spermatogonia, Se- sertoli cell, PSC- primary spermatocytes (B) SSC- 
secondary spermatocytes, ST- spermatids, red arrow showing the seminiferous tubules.
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Photoplate VIII. Microphotograph showing histopathological changes in the testis of fish Clarias gariepinus exposed to 6 mg BBP for 
5 days showing (A) vacuolization in spermatocyte (B) black arrow showing disintegrated cyst of spermatocytes and red arrow showing 
uneven distribution of spermatozoa (C) degenerated spermatozoa (D) degeneration of seminiferous tubules (E) hypertrophy of sertoli 
cells (F) clumping of spermatocytes.

Photoplate VII. Microphotograph showing histopathological changes in the testis of fish Clarias gariepinus exposed to 2 mg BBP for  
5 days showing (A) disorganization of seminiferous tubules (B) vacuolization in the seminiferous tubules (C) empty seminiferous tubules 
(D) degeneration of germ cells (E) black arrow showing hypertrophy of sertoli cell and red arrow showing disintegrating cysts.
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spermatozoa, the disintegration of seminiferous 
tubules, hypertrophy of Sertoli cells, and vacuolization 
(Photoplate X).

Discussion 

Histopathological Structure of the Ovary  

Gonadal histopathology particularly falls into the 
category of indicator that provides structural rather 
than functional information about gonadal health 
in response to the surrounding environments [26]. 
Gonadal development and its maturation go through 
the sequential changes which are associated with the 
different physiological processes. 

In the present study, histological examination of the 
fish ovaries, showed degenerative effects when exposed 
to the different concentrations of BBP for short and long 
period such as vacuolation in the early perinucleolus 
stage follicles, atretic follicles, development of inter-
follicular space in oocytes, degeneration of immature 
follicles, the fusion of follicles, nuclear shrinkage, 
destructed follicular layer, disorganization of the 
nucleolar ring, the disintegration of the nucleus, 
vacuolization in the follicular layer, etc. (Photoplate II, 
III, IV and V). Almost similar observations were also 

witnessed by Yön & Akbulut [27] in zebrafish when 
exposed with the Bisphenol A (BPA). The development 
of inter-follicular space in the ovary probably formed 
due to the shrinkage of oocytes. Similar observations 
were also recorded by EI-Ghamdi et al., [26] in Tilapia 
fish (Saratherodon galilaeus), when subjected to the 
disturbed urban stream [28].

Follicular atresia is a normal degenerative process 
in response to the chemicals in fishes and other 
vertebrate’s ovaries, as it is also responsible for the 
pathological alteration in ovarian morphology [28, 
29]. Zhang et al., [14] also reported that, the higher 
proportion of pre-mature oocytes and the occurrence of 
several atretic follicles in Gobious rarus when exposed 
to bisphenol A (BPA). The ovarian follicles lose their 
integrity, degenerate, and are subsequently eliminated 
before ovulation in the process of atresia. Moreover, 
an increase in the number of deformed follicles along 
with the presence of degenerating vitellogenic oocytes 
have been observed, suggesting a defect in follicle 
recruitment, when exposed with 2,4- Dichloro-6-
nitrophenol, a chloride-based herbicide to the Gobious 
rarus [30]. Similar findings were also observed in the 
present study. 

Ferin, [31] reported that gonadal maturation in fishes 
is controlled by different hormones that are secreted 
through the hypothalamic-pituitary-gonadal (HPG) 

Photoplate IX. Microphotograph showing histopathological changes in the testis of fish Clarias gariepinus exposed to 2 mg BBP for 10 
days showing (A) and (B) degeneration of seminiferous tubules (C) empty seminiferous tubules (D) vacuolization in spermatogonial cell 
(E) hypertrophy of sertoli cell.



Bhaisare L.Y., et al.1056

axis. Atresia has often been reported as the reproductive 
toxicant effect, which is caused by endocrine-disrupting 
compounds [32, 33]. According to the Mir et al., [34], 
the inhibition of oogenesis, necrosis, fibrosis of lamellar 
walls, total disintegration of the different elements in 
many ovarian activities were formed by the folding of 
the ovigerous lamella. Almost, similar histopathological 
findings as observed in the present study has been 
reported by Peranandam et al., [35] in the ovaries of  
the Female Fresh Water Prawn Macrobrachium 
rosenbergii by the exposure of 10, 100, and 1000 ng/L 
of TBT concentration for 6 months. Apart from this, 
Rai et al., [36] reported the effects of Mercuric Chloride 
induced histo-anatomical alterations in the ovarian 
tissue of catfish, Channa punctata (Bloch) with similar 
findings. 

Histological changes in ovaries may be caused 
by several factors, such as xenobiotic toxicants [37] 
and by a variety of effluents and aquatic pollutants 
[38]. After exposure, follicles exhibit degenerative 
changes, liquefaction of perinucleolus cytoplam and 
condensation of the nucleus, the disappearance of the 
nuclear membrane, cytoplasmic clumping, degenerated 
granulose layer, and degenerated ovarian wall and 
wrinkled oocytes. But a high dose of EDCs causes more 
pronounced histopathological lesions in oogonial cells, 
primary oocytes, and vitellogenic oocytes in female 

fish [39]. Many EDCs can interact with the female 
reproductive system and leads to endocrine disruption 
in the ovary by binding of the transcription factor to the 
receptors, EDCs can alter endocrine function through a 
variety of mechanisms like, it may alter the expression 
and/or activity of enzymes required for synthesis and/or 
catabolism of ovarian sex steroids. In some other cases, 
it may alter the expression of hormone receptors and/
or their ability to bind with their endogenous ligands. 
EDCs are chemicals that disrupt the endocrine system 
by activating or inhibiting receptors of the endocrine 
system, and/or altering hormone receptor expression, 
signal transduction, epigenetic marks, hormone 
synthesis, transport, distribution, and metabolism, 
and the fate of hormone-producing cells [40]. Many 
studies have shown a direct relationship between the 
body burden of chemicals in gravid females and the 
concentrations of these chemicals in the eggs [41]. 
Earlier research also has been reported that changes 
in gonadal structure are dependent on the potency of 
chemicals and its concentration in surroundings [38]. 

Histopathological Structure of the Testis 

Seminiferous tubules are the basic unit for 
spermatogenesis and have primary importance in the 
testis because they hold and release the sperm for egg 

Photoplate X. Microphotograph showing histopathological changes in the testis of fish Clarias gariepinus exposed to 6 mg BBP for 10 days 
showing (A) degenerated spermatozoa (B) disintegration of seminiferous tubules (C) Se- hypertrophy of sertoli cells (D) vacuolization
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fertilization [42]. Androgens hormones produced by  
the Leydig cells exerting a complex actions in the testis 
by targeting spermatogenic as well as Sertoli cells  
[43]. When experimentally, fishes were exposed to the 
low and high doses of the BBP at different exposure 
periods showed a considerable degree of alteration 
in histology of this unit such as disorganization of 
seminiferous tubules, vacuolization in the seminiferous 
tubules, empty seminiferous tubules, degeneration of 
germ cells, and disintegration of cyst, and clumping 
of spermatozoa, etc. (Photoplate VII, VIII, IX, X). 
These changes might be caused because the gonadal 
development ceases and steroidogenesis was markedly 
inhibited after the exposure to such endocrine-
disrupting chemicals [44].

These effects were also reported by Lora Benitez 
et al., [45] in the testis of zebra fish (Danio rerio) 
when exposed to the different concentrations of BPA. 
Masouleh et al., [46] was also observed the effect 
of Diazinon on the testes of  Rutilus frissi Kutum 
and observed the adverse effects on testis with 
decreased number of spermatozoa, sperms motility and 
concentration of sperm. Moreover, extensive damage 
to testicular architecture like thinning of the testicular 
walls, an increase in the interlobular areas, and 
loosely arranged cysts in combination with the marked 
disintegration were seen as toxic effect of endosulfan  
in the testis of the freshwater fish, Cyprinion watsoni 
[47].

Such histological changes observed in the testes 
of the fishes might be caused due to the disruption of 
the blood-testis barrier with a consequent chemical 
accumulation in tissue [48]. Changes in the permeability 
of the blood-testis barrier and alterations in testicular 
structure like germ cell loss, necrosis were observed in 
rats as a toxic effect of Bisphenol A [49]. Furthermore, 
Hayati et al., [50] observed the toxic effects of 
endocrine-disrupting metal Cadmium in fish and rats. 
Cadmium causing the several structural changes in 
testis, epididymis like cellular degeneration, necrosis 
that impaired Hypothalamic – pituitary-Gonad-Liver 
function (HPGL) axis function, leading to eventually 
hampering spermatogenesis process. In addition to the 
exposure of di-(2-ethylhcxyl) -phthalate (DEHP) a class 
of phthalate caused an increased oxidative stress in the 
Sertoli cells of the testis impairing the spermatogenesis 
[51].

Disrupted seminiferous tubules, degeneration 
of germ cells, and atrophy of Sertoli cells cause the 
abnormal development of testis. BBP causes a hazardous 
effect on the gonads which may be related to its effects 
on the HPG axis of fish which plays an important role 
in the reproduction of fish. It has been shown that 
phthalates affect the male reproductive system by acting 
as an anti-androgenic endocrine-disrupting compound 
that alters the steroidogenic capacity of steroid secreting 
cells of testis [21]. As a result, there is an interruption 
in the testosterone synthesis which in turn disrupts 
the differentiation of androgen-dependent tissues. 

Thus, lowered testosterone concentrations could have 
associated with the adverse changes in the histological 
structure of testis which was observed in the present 
study.

Conclusion

The present work showed the varied toxic effects 
of Benzyl Butyl Phthalate on the histology of male 
and female gonads of C. gariepinus. Our histological 
reports showed that BBP can potentially disrupt the 
reproductive physiology of the fishes by causing several 
regressive changes in the gonads. In this context, 
the study highlights the need to perform long-term, 
systematic studies of lower concentrations of phthalates 
in natural water bodies. It is also important to track the 
effects of other phthalates on fish reproduction. Further 
studies need to be conducted on the impact of phthalate 
mixtures since these are what mainly occur in the 
natural environment. 
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