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Abstract
BACKGROUND: Chronic exposure to environmental endocrine disruptors like nonylphenol (NP), has been shown 
in previous studies to predispose to non-alcoholic fatty liver disease.

METHODS: In this work, forty adult male albino rats were divided into four groups, a high sucrose-high-fat diet 
(HSHFD) group, a group receiving 20 μg/kg/day of NP, an NP + HSHFD group, and a control group. The rats were 
sacrificed on day 60 after anesthetization.

RESULTS: Biochemical tests indicated that serum transaminases (alanine aminotransferase, aspartate 
aminotransferase) were significantly increased in the NP + HSHFD group. Lipid metabolism was most disrupted in 
the NP + HSHFD with a highly significant increase (p < 0.001) of serum cholesterol, triglyceride, and low-density 
lipoprotein cholesterol compared to other groups. Heme oxygenase 1 showed the highest expression in the NP + 
HSHFD group, with a highly significant difference in comparison with the other groups (p < 0.001). Histopathological 
studies revealed fatty changes and dilatation in the central vein in the HSHFD group. Lymphoid cell aggregates were 
detected in the NP group. Massive inflammation and degeneration were revealed in the NP + HSHFD group. There 
was also marked expression of the apoptotic protein caspase-3 in the NP + HSHFD group.

CONCLUSION: In conclusion, exposure to a 20 μg/kg/day of NP induced oxidative stress leading to non-alcoholic 
steatohepatitis.
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Introduction

Chronic liver disease is a major health problem, 
with non-alcoholic fatty liver disease (NAFLD) being 
the most prevalent cause worldwide. This condition is 
precipitated by excess deposition of triglycerides (TGs) 
inside hepatocytes and is commonly associated with 
metabolic syndrome [1]. Prevalence rates range from 
25% to 45%, according to age, gender, ethnic group, 
and methods used for diagnosis [2], [3].

Genetic and environmental factors are the 
main contributors to the pathogenesis of NAFLD. 
Unbalanced bad diet habits and lack of physical 
activity are among the main precipitating factors [4]. 
Recently, several pieces of research have pointed 
to endocrine disruptors (EEDs) such as nonylphenol 
(NP), and their potential effect on the increased 
incidence of NAFLD [5].

NP is a well-known environmental endocrine-
disrupting chemical with weak estrogenic activity [6]. 
It is used in detergents, emulsifiers, and in several 
industries, for example in paints, pesticides, and 
household toiletries [7]. Studies have suggested 

that NP has deleterious effects on the endocrine [8], 
reproductive [9], immune [10], and nervous systems in 
animals and humans [11].

Recent studies have indicated that exposure 
to EEDs is associated with an increased risk of 
metabolic disorders [12]. Such as steatosis [13], 
obesity [14], insulin resistance [15], and type  2 
diabetes  [16]. Previous studies tested the oxidative 
stress induced by various doses of NP and the resulting 
hepatotoxicity [17], [18], [19].

Another study tested hepatotoxicity due to 
chronic exposure to a daily dose of 180 mg/kg/day [20] 
and doses of 0.02, 0.2, 2 μg/kg/day [21] of NP, and its 
effect on NAFLD. To our knowledge, no study tested the 
chronic exposure to an intermediate dose of NP and its 
synergistic effect on NAFLD.

Herein, in this study, we investigated the 
effect of exposure to a 20 μg/kg daily dose of NP, 
its effect on the expression of oxidative stress 
genes heme oxygenase 1 (Hmox1), and its role 
in inducing non-alcoholic steatohepatitis (NASH) 
when administered with high sucrose-high-fat diet 
(HSHFD).
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Materials and Methods

Animals and experimental design

Forty adult male albino rats (100–150 g) were 
prepared from the animal house at the Experimental 
Animal Research Unit at the Faculty of Medicine Ain 
Shams Research institute of the Faculty of Medicine, Ain 
Shams University, Cairo, Egypt. The rats were housed 
in animal cages under the prevailing atmospheric 
conditions and given access to tap water and libitum. 
The rats were divided into four groups (n = 10/group). 
The HSHFD group was fed a diet rich in carbohydrates 
and fats. The NP group received a daily oral intake of NP 
in olive oil (20 μg/kg/day) for 60 days. The NP + HSHFD 
group received a HSHFD with NP administration. The 
control group received the vehicle only (olive oil). We 
purchased NP from Sigma Aldrich, the USA with a 
purity >99%.

The experiments were carried out in 
accordance with the guidelines for the Care and 
Use of Lab Animals, Faculty of Medicine, Ain shams 
University. It was approved by the Experimental Animal 
Research Unit of MASRI, Ain Shams University on 
17/11/2019, number 0413088, documented by FMASU 
REC R05 2021, Federal wide assurance number FWA 
000017585.

Biochemical analyses

Blood samples (10  ml) were collected from 
the abdominal aorta on day 60 for the biochemical 
studies. The samples were centrifuged at 4,000  rpm 
for 10  min and the sera were stored at –20°C until 
testing. Total cholesterol (TC) was measured using TC 
Assay Kits, cat no: STA-384, serum TG was measured 
using Total TGs assay kit, cat no: STA-396 and high-
density lipoprotein cholesterol (HDL-C) was measured 
using HDL-C Assay Kit, cat no: STA-394. Serum levels 
of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were measured using ALT 
Activity Assay Kit (Colorimetric), cat no: MET-5123, and 
AST Assay Kit respectively, cat no: MET-5127 (CELL 
BIOLABS, INC, Creating Solutions for life Science 
Research).

Tissue collection

The rats were anesthetized on day 60 using 
sodium thiopental and then sacrificed. The liver 
tissue of each rat was divided into two portions. One 
portion was placed in phosphate-buffered saline 
(PBS) and RNA later (Qiagen, Germany) and stored 
at −80°C for further processing. The other portion 
was immediately preserved in 10% neutral buffered 
formalin for histopathology and immunohistochemistry 
evaluation.

Studying the oxidative stress status on 
exposure to NP and HSHFD

Hmox1 expresses heme oxygenase 1 
(HO-1) and is one of the genes involved in oxidative 
stress in rat liver [12]. Quantitative assessment 
of Hmox1 expression was performed by real-time 
polymerase chain reaction (PCR).

Tissue homogenization

The tissue samples were suspended in a 
2.0 mL screw-cap tube, containing 200 uL of PBS. Then, 
a single 5 mm stainless steel bead (Qiagen) was added 
to each tube, and the samples were homogenized at 
maximum speed (30 Hertz) for 2 min using the Qiagen 
Tissue-Lyser system. Following homogenization, the 
samples were spun for 1  min at maximum speed to 
reduce foaming. Then, the homogenate was applied to 
the filter column for RNA extraction.

Total RNA extraction and purification

Total RNA was extracted using the RNeasy 
Mini Kit; cat no: 217004 (Qiagen, Hilden, Germany) 
according to the manufacturer’s protocol.

Reverse transcription

cDNA was synthesized by reverse transcription 
reaction using QuantiTect Reverse Transcription Kit; 
cat no: 205311; (Qiagen, Hilden, Germany).

Gene expression analysis

The quantification of HO-1 was amplified 
from mRNA using a Quanti Tect primer assay primer 
assays; (HMOX1_1_SG QuantiTect Primer Assay; cat 
no: 249900, assay ID: QT00092645 and the QuantiTect 
SYBR Green PCR.

All samples were analyzed using the 5 plex 
Rotor-Gene PCR Analyzer (Qiagen, Germany). The 
2ΔΔCt method was conducted for the analysis of gene 
expression levels, using ACTB as an endogenous 
reference control for normalization purposes.

Histopathology and 
immunohistochemistry

Autopsy samples were taken from the liver 
of rats in the different groups and fixed in 10% neutral 
buffered formalin for 24  h. Then, the samples were 
washed in tap water and dehydrated in serial dilutions 
of alcohol (methanol, ethanol, and absolute ethanol) 
were used for dehydration. The samples were cleared 
in xylene and embedded in paraffin at 56°C in a hot 
air oven for 24 h. Paraffin-beeswax tissue blocks were 
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prepared, and 4-µm thick sections were cut using a 
sledge microtome. The obtained tissue sections were 
collected on glass slides, deparaffinized, and stained by 
using hematoxylin and eosin (H and E) for examination 
using light microscopy [22].

Immunohistochemical staining was performed 
on 4-μm, formalin-fixed, paraffin-embedded sections. 
The caspase 3 antibodies were used as 1:50 dilution 
(DAKO, Carpinteria, CA). The slides were then heated 
using a 1-mmol/L EDTA solution of pH 8.0 for 30 min. 
Using an automated immunostainer (DAKO), staining 
was performed after blocking the endogenous biotin. 
For each assay performed, positive and negative 
control sections were used [23].

Statistical analysis

The sample size was calculated using the 
Raosoft sample size calculator (http://www.raosoft.com/
samplesize.html), and all statistical calculations were 
performed using SPSS v26.0 statistical software (IBM 
Corp). at probability levels of 0.05, 0.01, and 0.001 
[24]. (Snedecor and Cochran, 1980). Quantitative data 
with parametric distribution was assessed using one-
way analysis of variance followed by post-hoc analysis 
using Fisher’s exact test for comparisons between the 
three groups. Quantitative data with non-parametric 
distribution were analyzed using the Kruskal–Wallis test 
to compare the three groups. Graphs were constructed 
using GraphPad Prism 8 (GraphPad Software, USA). 
A  heat map correlation analysis was performed 
to estimate the relationship between quantitative 
parameters [25].

Results

Biochemical analyses

The levels of plasma ALT and AST showed a 
highly statistically significant difference between the 
studied groups (p < 0.001; Figure 1A and B). Ingestion 
of a HSHFD, NP, and exposure to both NP and HSHFD 
significantly increased raised both AST and ALT plasma 
levels compared with the control group. The highest 
AST levels were observed in the NP + HSHFD group 
(Figure 1A).

Regarding the lipid profile, there was marked 
elevation of serum cholesterol, TG, and low-density 
lipoprotein cholesterol (LDL-C) in the HSHFD, NP + 
HSHFD, and NP groups compared with the control 
group with (p < 0.001; Figure  1C-E), with highest in 
the NP + HSHFD group. The NP + HSHFD showed 
the lowest level of serum HDL-C, but this was not 
significantly different from the control group (Figure 1F).

Gene expression of Hmox1 in liver tissue

The gene expression of Hmox1 in liver tissue 
was highly significantly enhanced in the NP + HSHFD 
and HSHFD groups in comparison with the control group 
(p < 0.001), with the highest relative quantification value 
in the NP + HSHFD group (Figure 2a). However, there 
was no significant difference between the control and 
NP groups.

Analysis of the correlation between the level 
of Hmox1 expression and the laboratory data of the 
studied groups revealed a weak positive correlation 
with serum cholesterol, TG, and LDL-C and a strong 

Figure  1: Comparisons of plasma transaminases lipid profile 
among the experimental groups (n = 10/group). The letters (a, b, c 
and d) indicate significant difference of p ≤ 0.05 between groups. 
(A) Comparison of AST levels between control, HSHFD, NP and 
NP+HSHFD groups. F-value = 268.46, p < 0.001. (B) Comparasion 
of ALT levels between control, HSHFD, NP, and NP+HSHFD groups. 
F-value = 49.88, p < 0.001. (C) Comparsion of TC levels between 
control, HSHFD, NP, and NP+HSHFD groups. F-value = 64.02, 
p < 0.001. (D) Comparsion of TG levels between control, HSHFD, NP, 
and NP+HSHFD groups. F-value = 53.77, p < 0.001. (E) Comparsion 
of LDL-C between control, HSHFD, NP, and NP+HSHFD groups. 
F-value = 146.94, p < 0.001. (F) Comparsion of HDL-C between 
control, HSHFD, NP, and NP+HSHFD groups. F-value = 8.02, 
p < 0.001. HSHFD: High source-high-fat diet; NP: Nonylphenol
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Figure 2: Expression of Hmox1 mRNA in rat liver tissue of the studied groups (n = 10/group). (a) Hmox1 is significantly increased in the 
NP+HSHFD and HSHFD groups in comparison with the control group (p < 0.0001), with the highest relative RQ in the NP+HSHFD group. No 
significant difference is noted between the control and NP groups. The letters (a, b, c and d) indicate significant differences of p ≤ 0.05 between 
groups. Kruskal–Wallis = 55.49, p < 0.001. HSHFD: High sucrose-high-fat diet; NP: Nonylphenol; RQ: relative quantification value. (b) Pearson 
correlation between Hmox1 expression level, lipid profile and plasma transaminases. A week positive correlation is noted between Hmox1 and 
serum TC, TG, LDL-C, while a strong positive correlation is noted between Hmox1 and plasma AST. A negative correlation is noted between 
Hmox1 expression and plasma HDL-C. RQ: Relative quantification value; CHOL: Cholesterol
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a
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positive correlation with plasma AST. A  negative 
correlation was noted between Hmox1 expression and 
plasma HDL (Figure 2b).

Histopathology and 
immunohistochemistry

The liver sections stained with H and E were 
examined using a light microscope. There was no 
histopathological alteration in the control samples. 
Normal histological structure of the central vein and 
surrounding hepatocytes in the lobular parenchyma, 
as well as the portal area with portal vein, hepatic 
artery and bile ducts, were recorded (Figure  3a 
and b). In the HSHFD group, fatty changes were noted 
in the hepatocytes and dilatation in the central vein all 
over the hepatic parenchyma (Figure 3c and d). The 
NP group revealed pale large nucleolus, cytoplasmic 
vacuoles, with focal lymphoid cells aggregation in 
the hepatic parenchyma and dilatation in the central 
veins (Figure 4a and b). In the NP + HSHFD group, 

severe dilatation and congestion were detected 
in both central and portal veins. The portal area 
showed a massive number of inflammatory cells 
infiltration and congestion in the portal vein. There 
were hyperplasia and dilatation in the bile ducts at 
the portal area as well as multiple newly formed 
bile ductules, congestion in the portal vein, and 
degeneration in the surrounding hepatocytes in the 
parenchyma (Figure 4c-e).

The immunostaining reaction by inactive 
caspase -3 showed negative expression in the control 
group, HSHFD group, and NP group but strong marked 
expression was observed in the NP + HSHFD group 
(Figure 5 and Table 1).

Table  1: Immuno-histopathological staining for caspase-3 
expression in the liver tissue of different groups
Study group Control HSHFD NP NP + HSHFD
Caspase -3 
expression

Negative 
expression

Negative 
expression

Negative 
expression

Strong marked 
expression

HSHFD: High sucrose-high-fat diet, NP: Nonylphenol.



Figure 3: Photomicrographs of sections in the rat liver of control and 
HSHFD groups. (a and b) represent the control group with normal 
histological structure of the central vein (C), Surrounding hepatocyte 
(H) in the liver parenchyma, the portal vein (V), bile duct (D) and 
hepatic artery (A) in the portal area (H&E, ×40). (c and d) Show 
sections in rat liver of the HSHFD group. (c) Fatty changes appear 
in the hepatocytes (arrows) surrounding and adjacent the dilated 
central vein (H&E, ×40). (d) The magnification identifies the fatty 
changes in the hepatocytes (arrows) (H&E, ×80)
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Figure  4: Photomicrographs of sections in the rat liver of NP and 
NP-HSHFD groups. (a and b) represent the NP group. (a) There are 
focal lymphoid cells aggregation in the hepatic parenchyma (arrows) 
(H&E, ×40), (b) shows dilatation in the central veins (C) (H&E, ×40). 
(c-e) Represents sections in rat liver of the NP-HSHFD group, 
in C there is massive inflammatory cell infiltration in the portal 
area (arrows) with congestion in the portal vein (P) (H&E, ×40). In 
(d)  there are multiple newly formed bile ductules in the portal area 
(D) with hydropic degeneration in the hepatocytes in the surrounding 
parenchyma (arrows) and congestion in the portal vein (P) (H&E, 
×40). (e) Shows dilatation and hyperplasia in the bile duct of the 
portal area (D) (H&E, ×40)
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e
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Figure  5: Immuno-histochemical staining of liver sections using 
caspase-3 antibody. In (a-c) there is negative expression in the 
control, HSHFD and NP groups respectively. In (d), there is marked 
expression of caspase-3 protein in the NP-HSHFD group as 
demonstrated by the distribution and density of brown coloration in 
tissues (immunostaining, ×40)
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Discussion

Chemicals such as NP have been recently 
studied for their toxic effects on various body organs 
as well as their oxidative stress-induced DNA damage. 
The hazardous effects of these EEDs were observed 
on chronic exposure to various concentrations [26].

In this study, we have investigated the 
concomitant pathogenic effect resulting from chronic 
exposure to the synthetic xeno-estrogen NP [27] on 
HSHFD induced NAFLD.

Previous studies focused on testing the chronic 
exposure to a high daily dose of NP (180 mg/kg/day) and 
how it induced NASH together with HSHFD exacerbating 
liver dysfunction and dyslipidemia [20] and on studying 
the dose-dependent effect of exposure to various doses 
(5, 25, 125 µg/kg/day) of NP on the expression of HO-1 
gene [28].

Sub-chronic exposure to doses as low as 
0.02 μg/kg/day was used to investigate the effect of NP 
on aggravating NAFLD in rats fed HSHFD [21].

The aim of this work is to investigate whether a 
low dose of NP for a long period would affect liver function, 
produce oxidative stress precipitating apoptosis, or will 
augment all these sequelae only when added to HSHFD.

In this study, four groups were investigated, 
comprising a group receiving HSHFD to induce 
NAFLD, another group exposed to a 20 µg/kg BW NP 
for 60 days, and a third group receiving both. A control 
group was also included.

https://oamjms.eu/index.php/mjms/index
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Plasma AST and ALT are considered the most 
sensitive markers for diagnosis of hepatic insult, hence 
their levels were measured in all groups and compared 
to normal control levels which are estimated to range 
between 70–90 U/L for AST and 26–40 U/L for ALT in 
rats [29].

Herein, we measured plasma ALT and 
AST levels in all studied groups. A  highly statistically 
significant difference was noted between studied 
groups compared to control with p < 0.001.

In previously conducted studies [20], [21] 
NP + HSHFD increased the levels of AST and ALT in 
rats at doses of 0.02 μg/kg/day and 180  mg/kg/day 
respectively.

Another study [30] reported that NP at doses 
of 15,150 and 1,500 µg/kg/day increased levels of AST 
and ALT in rats. Another study [28] showed that various 
doses of NP didn’t affect the serum AST or ALT levels. 
This discrepancy can be due to the difference in animal 
strains which can result in different reactions to the 
same EED [31].

AST has a cytosolic and a mitochondrial 
isoform, with the mitochondrial isoform being much 
more abundant. Hepatic degeneration due to exposure 
to hepatotoxic compounds is accompanied by massive 
mitochondrial injury and precipitates the release of 
this mitochondrial isoform. The result is a marked 
increase in AST and an increase of de Ritis ratio in 
consequence [32].

It is worth mentioning that in our study, plasma 
AST levels showed the highest levels in the NP + 
HSHFD group indicating mitochondrial damage and 
release of the AST isoform, revealing oxidative stress. 
The NP group also showed a significantly elevated 
plasma AST compared to the HSHFD group, which 
emphasizes the role of NP in initiating oxidative stress 
and hence mitochondrial damage.

Abnormal lipid profile was also recorded 
among studied groups as evidenced by elevated TG, 
TC, LDL-C with a statistically significant difference 
(p <  0.001) compared to the control group. The 
dysregulated lipid metabolism was most severe in the 
NP + HSHFD group. Furthermore, this same group 
showed the lowest level of serum HDL but was not 
significantly different from control.

We can conclude from the biochemical tests 
that NP enhanced the effect of HSHFD in inducing 
NASH. This was supported by previous studies 
that demonstrated that a high-sucrose/high-fat diet 
combined with NP exposure could cause non-alcoholic 
hepatic steatosis [21].

Studying the microscopic liver morphology 
showed that the exposure to NP caused pale large 
nucleolus, cytoplasmic vacuoles, focal lymphoid cell 
aggregates in the hepatic parenchyma, and dilatation 
in the central veins. Furthermore, there was massive 

inflammation and degeneration in the NP + HSHFD. 
Our data demonstrated that HSHFD causes fatty 
changes in the liver and these adverse effects are 
promoted by NP.

The deleterious effects caused by NP reside 
in its ability to induce oxidative stress by increasing 
the production of reactive oxygen species (ROS) as 
hydrogen peroxide. ROS stimulates both the intrinsic 
and extrinsic apoptotic pathways [33].

Oxidative stress status was investigated 
by gene expression analysis of the inducible gene 
Hmox1 [34]. It was revealed that there was an enhanced 
expression of the Hmox1 gene in the HSHFD group 
and the group receiving NP + HSHFD with a marked 
significant difference compared to the control group 
(p < 0.001). The highest expression was noted in the 
NP + HSHFD group while the NP group did not vary 
significantly from the control group. This points to the 
synergistic effect of HSHFD on NP induced oxidative 
stress. This was confirmed by the immunohistochemistry 
study which revealed marked expression of caspase-3 
(the apoptotic protein) in the NP+HSHFD group.

In a previous study [28], a dose-dependent 
enhanced expression of Hmox1 gene was noted (at 
doses of 25 and 125 µg/kg). Another study [30] tested 
cytochrome c, caspase-3, caspase-9, as markers of 
apoptosis (intrinsic pathway) in the liver of NP-treated 
rats, and elevation was detected with all doses. Also the 
protein levels of Fas, Fas-L, and caspase-8 (extrinsic 
pathway).

Conclusion

Exposure to a daily dose of 20 µg/kg NP can 
precipitate NASH, as evidenced by dysregulation of 
lipid metabolism and the microscopic examination 
of the liver tissues showing hydropic degeneration, 
dilatation of central veins, and lymphoid cell infiltration. 
This toxic effect is augmented by the intake of HSHFD. 
The mechanism of cytotoxicity resides in the production 
of ROS which induces mitochondrial damage and 
hence apoptosis. Marked oxidative stress enhances 
the expression of the Hmox1 gene. A  noticeable 
expression of caspase-3 confirms apoptosis and hence 
DNA damage.
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