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To evaluate the impact of nonylphenol on the modulation of testicular activity of catfish Heteropneustes fossilis as well as its impact on 
haematological and antioxidative parameters simultaneously.

Sexually matured male catfish 
were divided into three sub groups: first group 
as control, second as vehicle control and third 

-1group exposed to 80 µg l  4-Nonylphenol (4-
NP) for 21 days. After 21 days, testis and blood 
were collected for assessment of histology, 
haematology, oxidative stress and steroid 
hormone profile.

Present study showed that 4-
Nonylphenol elicited significant effect on the 
testicular activity by decreasing RBC and WBC 
count, causing alterations in RBC morphology 
and induction of micronucleus in RBC of catfish. 
Further exposure decreased CAT (F = 34.88; 
P>0.001), SOD (F = 246.87; P < 0.001), GPX (F 
= 948.88; P < 0.001), and increased H O  (F = 2 2

1813.71; P < 0.001) and LPO (F = 105651; P>0.001) activities in the testis. There was significant decrease in GSI compared to control group. Histopathology 
of testis showed abnormalities in the testicular architecture. Estradiol-17β level significantly increased showing 4-NP as estrogenic compound also the 
testosterone and progesterone levels significantly decreased (F  = 590.61; F = 37.376; F     = 142.606; P < 0.001).Steroids Dose Steroids X Dose

Nonylphenol exposure resulted in the impairment of male reproductive system of catfish by modulating its activity at multiple levels and also 
induced cytotoxicity in blood.
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1994). Abnormal nuclear morphology is an indicator of genotoxic 
damage in fish and abnormal morphology of erythrocytes is 
effective indicator of cytotoxicity (Bushra et al., 2002; Talapatra 
and Banerjee, 2007). Apoptotic cells are formed by actively dying 
cells that include cell shrinkage, membrane blebbing and 
chromatin condensation indicating abnormal cell division 
(Murakawa et al., 2001; Talapatra and Banerjee, 2007).

H. fossilis, one of the most popular protein-rich and low-
fat content edible native fish of Asian subcontinent. It is also 
termed as popular poor fish and has a good potential for rural 
aquaculture. The long tubular accessory respiratory organ 
present in these catfish are capable of surviving in water with low 
oxygen content. They dwell at the bottom of water bodi, so they 
are prone to various pollutants that tend to concentrate more in the 
sediments such as 4-Nonylphenol. It is quite obvious that their 
reproductive status affected due to disturbances in the antioxidative 
parameters and hematological parameters (Senthilkumaran et al., 
2011; Gautam et al., 2021). Hence, in the present study the effects 
of 4-Nonylphenol was investigated on hematological and 
antioxidative along with steroid profile and histopathological 
changes in testis of catfish Heteropneustes fossilis.

Materials and Methods

Procurement and acclimatization of animals: Mature male 
catfish H. fossilis (30-40 g) were purchased from a local fish 
market near Varuna River. The catfish were kept in laboratory in a 
glass aquarium (measuring 100 cm × 60 cm × 60 cm) and 
maintained under normal photoperiod (12.5 L: 11.5 D) at 18 ± 2 
°C.  Twenty fish per aquarium were used and a total of 10 such 
aquaria were maintained. The fish were fed twice daily in the 
morning and evening (at 12 hr interval) with goat liver ad libitum. 
Food pieces were allowed to remain in water for about one hour, 
and then the water (10 l per tank) was changed. All experiments 
and methodologies were performed as per the Guidelines and 
Regulations of Animal Ethics Committee of Banaras Hindu 
University, Varanasi (1802/GO/Re/S/15/ CPCSEA), and National 
Guidelines for Experimentation in Animals. Utmost care was 
taken to prevent cruelty of any kind.

Dose and exposure to 4-Nonylphenol: Nonylphenol was 
dissolved in acetone (10.7µl of 4-NP was dissolved in 1 ml of 
acetone) and then diluted with triple distilled water upto 10 ml to 

-1obtain a stock solution 1µg µl . The dose selected for treatment 
-1 thwas 80 µg l  which was 1/20  dose of LC  (Gautam et al. 2015). In 50

the present study, a single dose was selected to study the effect 
on catfish testicular activity by estimating various parameters. 
This study aimed to determine the potential acute adverse effects 
of a test compound. Treatment was done for 21 days in a semi 
static condition. After completion of the experiment, fish were 
weighed and sacrificed by decapitation. Testes were sampled for 
steroid estimation and histology, weighed, fixed in Bouin’s fluid, 
and stored in 70% alcohol for histological studies. Blood was 
collected from caudal vein in heparinised tubes for estimating 
haematological parameters.

Introduction

Pollution is a major problem in all developed and 
developing countries in this globalization era. Due to gradual 
increase in industrialization, chemical pollution has become life 
threatening to the environment. Major parts of the industrial 
effluents are disposed into water bodies which disturbs the 
aquatic niche along with aquatic organisms during their adult life 
and sensitive stages of development. Nonylphenol ethoxylate is 
used as an industrial surfactants paints, cosmetics, detergents, 
house hold cleaning agents, emulsifiers etc. They are also used in 
the processing of agricultural chemicals, leather, textile, 
petroleum and other fuels. In the aquatic environment, 
Nonylphenol ethoxylate breaks down to 4- nonylphenol, which is 
more stable and persistent and gets strongly adsorbed onto the 
sludge solids. Major source of discharge is effluents from sewage 
systems, waste water treatment plants and urban waste water 
(Soares et al., 2008; Van Puijenbroek et al., 2019). 4-Nonylphenol 
is acutely toxic to animals including bees, spiders, fish, molluscs 
and crustaceans (Cox, 1996; Gautam et al., 2021). 4-NP 
bioaccumulate in aquatic organisms and the breakdown products 
of these compounds are persistent in the environment (Gautam et 
al., 2015). Due to estrogenic nature, 4-Nonylphenol affects the 
reproductive function in fish and its toxicity poses a challenge to 
other systems such as haematology along with its ability to cause 
oxidative stress (Senthilkumaran et al., 2011)

Blood is a good indicator to check the health of an 
organism, and hematological parameters are important for 
diagnosing the functional status of exposed animals to toxicants 
(Joshi et al., 2002). Due to close association between the 
circulatory system and external environment, the hematological 
variables are frequently used to determine the effects of external 
stressors and toxic substances on the fish physiology (Wendelaar 
Bonga, 1997). Wepener (1997) suggested that the changes 
observed in the biochemical and hematological parameters, 
affecting growth and oxygen consumption in fish can be used as 
an indicator of toxicity due to pollutants. Blood cell indices (RBCs, 
WBC and DLC counts) are good indicators of systemic response 
to external stress, and the changes are reflected in their 
morphology and distribution in the blood (Srivastava and 
Choudhary, 2010). Davis et al. (2008) reported that natural and 
exogenous stressors within the environment elicit a stress 
response in fish leukocytes profile.

Detection of micronucleus (MN) in fish helps to know the 
status of water quality, the health of species and potential risk 
(Corridor-santamaria et al., 2016). Micronuclei induction is a 
sensitive indicator of DNA damage and it is a reliable tool for 
evaluating genetic damage induced by aquatic pollutants in fish 
and other aquatic organisms (Trivedi et al., 2021). The study of 
micronucleus test and abnormal erythrocytes morphology in fish 
by various chemicals has been reported (Grisolia and Starling, 
2001; Talapatra and Banerjee, 2007). Fish erythrocytes are 
especially favoured for micronucleus test and its feasibility has 
already been established in Clarias gariepinus (Baharim et al., 
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as per the protocol of Claiborne (1985).

The enzyme activities were recorded at 250 nm 
absorbance against blank (devoid of enzyme source) and 

-1expressed as µm of H O  metabolized mg  protein min . SOD 2

assay was done as per the method of Marklund and Marklund 
(1974). The enzyme activity was expressed as nano moles of 

-1 -1pyrogallol oxidized min  mg  protein. Hydrogen peroxide H O  2 2

generation was measured by the method of Pick and Keisari (1981) 
-1 -1and was expressed as nano moles of H O  produced min  mg  2 2

protein. GPX was estimated following the method of Mohandas et 
al. (1984). The disappearance of NADPH was immediately read at 
340 nm, against reagent blank for 3 min at an interval of 10 sec on 
systronics spectrophotometer and the value was expressed as 

-1 -1nano moles of NADPH oxidised min  mg  protein. Lipid 
peroxidation activity was estimated by the method of Ohkawa et al. 
(1979). Absorbance of the solution separated was measured at 532 
nm against reagent blank and the result was expressed as 

-1 -1micromoles of malondialdehyde produced min  mg  protein.

Statistical analyses: The basic statistics, means, standard 
deviations and ranges were estimated. The pattern of variation 
was determined by One-way analysis of variance (ANOVA) using 
SPSS package (SPSS 1998) at 0.05 and 0.001 significance level. 
Tukey-HSD test was further used to determine the statistical 
significance between the experimental and control groups.

Results and Discussion

-1The effect of 80 µg l   for 21 days on 
hematological parameters was assessed and it was found that 
there was significant decrease in all the parameters compared to 
their respective control (P ≤ 0.05). RBCs count in the 

-1experimental group was 0.498 million µl  compared to control 
-1group 2.516 million µl ; white blood cells count in the 

-1experimental group was 5.722 thousands µl  compared to control 
-1group 13.644 thousands µl . The haemoglobin content of the 

-1experimental group was 0.636 g dl  compared to control group 
-11.836 g dl . Thus, a decline in RBCs count was observed in the 

experimental group by 80.24%, white blood cells count by 
58.08% and haemoglobin content by 67.4%, respectively, in 
comparison to control values. Similarly, the erythrocyte, 
leucocyte, haematocrit and haemoglobin levels decreased after 
exposure to diazinon (Ahmadpanah et al., 2019).

Anaemia reported in Nonylphenol-exposed fish is a result 
of interaction between Nonylphenol and erythrocyte membrane 
(Schwaiger et al., 2000), reduction in RBCs and Hb content an 
anaemic condition had been induced in treated fish, which futher 
attributed to cytotoxic effect and suppression of erythropoiesis 
caused by benzene derivatives (Keller and Synder, 1988). A 
significant reduction in WBCs count due to 4-nonylphenol 
exposure suggests that the catfish are prone to high risk of 
infection. The decrease in the level of RBCs, Hb, and WBC’s 
revealed the hematotoxic effects of this chemical pollutant. The 
decreased level of Hb content in the treated group may be due to 

-1

2

4-Nonylphenol

Estimation of haematological parameters: Total Red blood 
cells (RBC), Total White blood cells (WBC) and Haemoglobin (Hb) 
level, were determined by haemocytometers in Neubauer’s 
chamber and Sahli’s haemoglobinometer, respectively.

Micronucleus test and erythrocytes morphology: Blood 
sample was collected by caudal incision on clean grease free 
microscopic slides and a thin film was smeared on slide. The 
slides were fixed in absolute methanol for 10 min after drying at 
room temperature, and were processed for permanent mounting 
using DPX. Smears were stained with haematoxylin and eosin.  
Slides were selected on the basis of staining quality, then coded, 
randomized and scored blindly. In each group, 10,000 cells (a 
minimum of 1000 per slide) were examined at 40X objective and 
10 X eyepiece for micronucleated and morphologically altered 
erythrocytes. The established criteria for identifying micronucleus 
(Schmidt, 1975) were strictly followed to ensure authentic 
scoring. In morphologically altered erythrocytes, the important 
variations such as acanthocytes, tear drop like cells, sickle cells, 
swollen cells: alteration of nuclear morphology, micronucleus in 
the cytoplasm were observed (Mekkawy et al., 2011).

Estimation of 17β Estradiol, testosterone and progesterone 
levels: Steroid extraction from testis was carried out as per the 
extraction protocol described earlier (Gautam, et al., 2018). 17β 
Estradiol (E ), testosterone (T)and progesterone (P ) levels were 2 4

measured by enzyme-linked immunosorbent assays (ELISA), 
following manufacturer’s instructions. Optical density was read at 
450nm in Market Microplate Absorbance Reader (BioRad, USA), 

-1and the Concentration of steroids was expressed as ng g  of 
testis weight.

Histological analysis: Testis fixed in Bouin’s fixative was further 
processed for histological study. Five µm paraffin sections were 
stained with haematoxylin and eosin routinely. Photomicrographs 
were taken using a Leica DM LS microscope equipped with a 
Leica DFC310 FX camera (Leica DM 2000 LED, Germany).

Gonadosomatic Index: GSI was calculated by the formula: GSI 
(%) = weight of gonad/ weight of fish x 100.

Estimation of anti-oxidative parameters: To evaluate the effect 
of 4-Nonylphenol on Superoxide dismutase (SOD), Catalase 
(CAT), Hydrogen peroxidase (H O ), Glutathione peroxidase 2

(GPX) and Lipid peroxidation (LPO) activities, in total 120 catfish 
were used in the experiment out of which 40 fish present in two 
different aquariums (20 fish per aquarium) were maintained as 
parallel control and vehicle control for 21 days. The remaining 40 

-1fish (20 fish per aquarium) were exposed to 80 µg l  4-
Nonylphenol for 21 days resting-preparatory phase (11.5 L: 12.5 
D; 22 ± 2°C). Tissues were sampled after 21 days of exposure 
and stored at -80°C until further use. Testis was homogenised in 
50mM phosphate buffer (pH 7.0) and centrifuged at 1000g for 15 
min. Supernatant was separated and used for the estimation of 
SOD, CAT, H O , GPX and LPO activities. Protein was estimated 2 2

by the method of Lowry et al. (1951). CAT activity was measured 

2
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haemolysis and decrease in the number of RBC content. Catfish 
-1treated with sublethal concentration (80 µg l ) of 4-nonylphenol 

resulted in morphological changes in the red blood cells and 
appearance of some pathologic types of cells. In control group, the 
RBC’s of fish showed well-defined cell membrane and clearly 
distinguished central nucleus with clear cytoplasm. In experimental 
fish, significant induction of micronuclei was observed as compared 
to the control groups (Fig. 1). Altered RBC’s and micronucleus 
containing RBC’s were scored in both control and experimental fish 
and it was found that both were significantly high as compared to 
their respective control (P<0.001; Fig. 2).

This finding is in agreement with the findings of Tiwari et 
al. (2017) who found exposure dependent induction of 
micronuclei in Channa punctatus exposed to furadan 3G. Various 
other types of alterations in the morphology of RBC were also 
observed, indicating cytotoxic effect of 4-NP. The major 

-1alterations of RBCs in fish treated with 80 µgl  4-Nonylphenol 
(Fig. 1) were development of irregular size red blood cells 
–anisocytes; sickle cells which varied in shape between 

ellipsoidal, boat-shaped and genuine sickles, swelled cells (Sw), 
their cytoplasm showed presence of one or more micronucleus 
(Mn) and besides this few cells seemed to be fused together. In 
the present study, RBCs acquired different shapes (Fig. 1) which 
are called Rouleaux appearance of RBCs, i.e., stacking or 
aggregation of red blood cells as explained by Mekkawy et al. 
(2011) Fig.1. A sign of karyolysis; where cell nuclei lose their 
central dye and appear to be dispersed. 

The swelled blood cells were recorded as common 
alteration which may be due to necrosis of their cellular outlines 
(Bushra et al., 2002). Abou Khalil et al. (2017) reported 
erythrocyte alteration and micronuclei formation due to 4-
Nonylphenol exposure. Erythrocytes are essential component for 
oxygen transport (Kuhn et al., 2017) and their deformation leads 
to respiratory dysfunction. Brown (1993) demonstrated that 
oxidative stress induced by 4-Nonylphenol causes deformities in 
the RBC’s leading to respiratory stress, which may alter the 
erythrocyte number and morphology in fish. The present study 
indicates that sublethal concentrations of Nonylphenol severely 

Fig. 1: Blood film showing effect of 4-Nonylphenol on red blood cell morphology of H. fossilis. Mn- Micronucleus; Sw- Swelled cell; d- 
Disintegration of RBC membrane R-Rouleux appearance (stacks or aggregation of red blood cells) and prominent alteration of shape of RBC’s; b-
Blebbing of cell membrane; f-Fusion of membranes of several RBC.400x; Scale bar – 50µm.

-180 µg l  
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dysfunction of antioxidant system after Nonylphenol exposure or, 
any pollutant may severely affect the cells, including loss of 
membrane integrity leading to hemolyticanemia. Further, Hb may 
also react with H O  (generated during inflammatory conditions), 2

promote ferrylHb formation, and induce lipid peroxidation (Kuhn 
et al., 2017). These alterations further elevate stress and increase 
oxidative stress enzyme activity in the testis of catfish. The 
presence of significant number of micronucleus in RBC’S of 

2

affected hematological parameters by altering RBCs and 
inducing anaemia in male catfish. Kuhn et al. (2017) stated that 
RBCs are particularly well equipped with potent nonenzymatic 
and enzymatic antioxidant systems, which are important to 
maintain Hb content in a reduced oxygen binding form, to limit 
oxidative modifications of membrane lipids, structural proteins, 
channels, and metabolic enzymes, and therefore to keep the cell 
alive and functional for average life span of 120 days. Failure or 
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Fig. 2: Effects of 4-Nonylphenol on RBC morphology of H. fossilis after 21 days of exposure. Statistical significance was determined using One-
way ANOVA and Tukey-HSD test. Stars indicate significant difference from the respective control groups (n=5, P<0.05). 
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Fig. 3: Effects of 4-Nonylphenol on steroid levels (E2, T and P) of H. fossilis after 21 days of exposure. Statistical significance is determined using 
One-way ANOVA and Tukey-HSD test. Stars indicate significant difference from the respective control groups (n=5, P<0.001).
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experimental fish also indicates the occurrence of genotoxicity 
due to 4-Nonylphenol exposure (P<0.001; Fig. 2).

In the present study, acute exposure of 4-Nonylphenol 
elicited significant effect on steroid hormone levels of estradiol-17 
beta, testosterone and progesterone on testis tissue. There was 

 significant increase in E2 level and decrease in testosterone and 
progesterone level after 21 days of exposure in comparison to 
control groups (F  = 590.61; F  = 37.376; F   = Steroids Dose Steroids X Dose

142.606; P < 0.001; Fig. 3). Oxidative stress parameters studied 

in the present study were significantly altered by 4-Nonylphenol 
exposure, CAT (F = 34.88; P>0.001; Fig 5-I), SOD (F = 246.87; P 
< 0.001; Fig. 5-II) and GPX  (F = 948.88; P < 0.001; Fig. 5-IV) 
decreased and H O  (F = 1813.71; P < 0.001; Fig. 5-III) and LPO 2

(F = 105651; P>0.001; Fig. 5-V) activities significantly increased 
after 21days of exposure. The results of 4-Nonylphenol exposure 
increased E2 level and decreased T and P4 when exposed to 80 

-1µg l  of 4-Nonylphenol suggesting that 4-Nonylphenol possess 
estrogenic activity in male catfish and altered the testosterone 
level and also disturbed or altered progesterone levels in the 

2

Fig. 4: (A). Histological examination of testes of H. fossilis (21 day parallel control). (B). Histological examination of testes of H. fossilis (21 days treated 
-1 with 80 µg l 4-Nonylphenol dose). PSG-Primary spermatogonia; SSG-Secondary spermatogonia; SpC -Spermatocyte; SPZ -Spermatozoa; ILCT-

Interlobular connective tissuea- disintegration of interlobular connective tissue, b-Abnormal distribution of spermatozoa due to distorted lumen, c-
Clumping of germ cells. H and E stain, objective 40x,scale bar-50µm (Okoye et al., 2016) Germ cell are in mitoic phase.

¨ Journal of  Environmental Biology, March 2022¨



O
n
l
i
n
e
 
C
o
p
y

Suman et al.: Modulation of testicular activity by 4-Nonylphenol194

Fig. 5: Effects of 4-Nonylphenol on antioxidative parameters of male catfish H. fossilis after 21 days of exposure. Statistical significance is 
determined using One-way ANOVA and Tukey-HSD test. Stars indicate significant difference from the respective control groups (n=5, P<0.001).
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testis and is mainly involved in the disruption of endocrine system 
of male catfish H. fossilis. Nonylphenol is a widespread aquatic 
contaminant that can accumulate in fish (Gautam et al., 2015).

Nonylphenol treatment resulted in unpaved Sertoli cells 
and degenerated spermatozoa. Furthermore, decrease in CAT, 
SOD and GPX activities and increased LPO indicated oxidative 
stress. Oxidative stress followed by respiratory stress and 
genotoxicity would further disrupt steroidogenic activity in 
gonads. Recently, Tyor et al. (2018) reported testicular 
oxidative stress and cellular deformities in Clarias gariepinus 
(Burchell) from River Yamuna in Delhi region. In rats, 
Nonylphenol leads to serious testicular dysfunction and 
induces cell death (Cardinali et al., 2004). Similarly, few studies 
conducted on fish models reported relationship between 
Nonylphenol and Cyp19a1, where Nonylphenol disturbs the 
testicular structure and suppresses spermatogenesis in fish and 
act as an agonist of estrogen receptor. It also showed a strong 
estrogen effect on sex differentiation leading to change in sex 
ratio in F1 generation via modulation of both Cyp19a1 and ER. 
(Gautam et al., 2015; Duan et al., 2016; Asadi et al., 2017).

In control testis, a large seminiferous lobules and 
interlobular spaces with interstitial cells and blood vessels were 
observed. Testis were mainly at spermiation stage with free 
spermatozoa filled in the lobule lumen and active 
spermatogenesis characterized by spermatogenic cyst.  
Secretory Leydig cells were also noticed (Fig. 4A). Exposure to 4-
Nonylphenol resulted in deterioration of cell structure in the testis 
of H. fossilis. Histopathological changes were observed after 
Nonylphenol exposure such as there was loss of lobular 
organization presence of lacunae with disintegration of germinal 
epithelium, distorted lobules showed residual germ cells and 
spermatogonia. Overall effect indicated inhibition of 
spermatogenesis and loss of testicular organization in H. fossilis. 
(Fig. 4B). Zade et al. (2018) reported toxicity of 4-Nonylphenol on 
the histopathology of Clarias gariepinus tests. Intense 
hyperplasia in interstitial tissues of Nile tilapia testes exposed to 
4-Nonylphenol was reported by Ali et al. (2014). Kumar et al. 
(2007) also reported condensation of spermatogenic cells, 
formation of intra and intertubular vacuoles in Heteropneustes 
fossilis testes after exposure to linear alkylbenzene sulphonate.

The testicular damage due to 4-Nonylphenol exposure 
can act indirectly via hypothalamus-pituitary axis altering 
gonadotropin synthesis and secretion or it may also act directly on 
the testes due to its ability to induce oxidative stress and 
genotoxicity. Altered gonadotropin secretion can disrupt sex 
steroid production, can have secondary effects on the testicular 
cells like Sertoli cells, which are dependent on the normal 
hormone level for normal functioning (Zade et al., 2018). 
Oestrogenic chemicals may also exert their effects directly on the 
testes via inhibition of androgen synthesis (Trudeau et al., 1993). 

-1 After 21 days of exposure to 80 µg l 4-Nonylphenol, GSI values 
in the experimental groups declined by 49.9 % as compared to 
control values. Sayed et al. (2012) reported decreased GSI value 
in Clarias gariepinus after exposure to sub-lethal concentration of 

-1nonylphenol. Exposure to 50 µg l  Nonylphenol significantly 
decreased the gonadosomatic index in juveniles of economically 

important marine organisms (Saravanan et al., 2019). The reason 
behind decreased GSI value may be reduction of gonadal mass 
of H. fossilis as well as hormonal disruption.

Occurrence of xenobiotics like 4-Nonylphenol in the 
aquatic ecosystem can lead to severe stress affect physiology of 
fish and reduction in metabolism. Thus, the parameters studied in 
this study, can be used as biomarkers for assessing fish health 
and risks associated with the pollutants in the natural ecosystem.
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