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Nonylphenol (NP) is a ubiquitous environmental toxicant that is known to cause hepatotoxicity via gen-
eration of reactive oxygen species (ROS). Aucubin (AUC), an iridoid glucoside, is a potential phytochem-
ical possessing antioxidant and anti-inflammatory features. The current study was intended to ascertain
the hepatoprotective role of AUC against NP-generated liver toxicity in rats. 48 male rats were distributed
into four groups. viz. Control, NP-intoxicated group (50 mg/kg), NP + AUC-treated group (50 mg/kg +
40 mg/kg) and AUC-treated group (40 mg/kg). All the doses were administered orally. Our findings indi-
cated that the NP intoxication upregulated the alanine aminotransferase (ALT), alkaline phosphatase
(ALP) and aspartate aminotransferase (AST) level. Moreover, it brought down the activities of superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GSR) and
glutathione-S-transferase (GST), as well as the glutathione (GSH) content. Conversely, the levels of
malondialdehyde (MDA) and ROS were escalated. Besides, the levels of nuclear factor-kappa B (NF-jB),
tumor necrosis factor-alpha (TNF-a), interleukin-1beta (IL-1b) and IL-6 as well as the cyclooxygenase-
2 (COX-2) activity were elevated due to the NP administration. In addition to it, histopathological assess-
ment displayed the prominent morphological alterations in hepatic tissues of rats. Nevertheless, treating
the rats with AUC significantly (p < 0.05) abated all the NP-instigated liver damages in rats. Therefore, it
was evinced that AUC could be used as a hepatoprotective agent against the NP-prompted liver toxicity
owing to its antioxidant and anti-inflammatory properties.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Nonylphenol (NP) is a synthetic xenoestrogen and breakdown
product of alkylphenol polyethoxylates, which possesses
endocrine-disruptive properties. However, it is proved to be more
reactive, toxic and persistent as compared to its precursor com-
pound (Bai et al., 2017). NP is a non-ionic surfactant that is used
in the formulation of various detergents, plastic objects, paints,
herbicides, resins, cosmetics, emulsifiers, solubilizers and various
other daily-use items (Amaro et al., 2014). Humans are exposed
to the NP via direct absorption, inhalation as well as ingestion of
NP-contaminated water and foods such as, vegetables, fish, milk,
fruits and cereals (Li et al., 2010). The concentration of NP in vari-
ous food items ranges from 0.1 to 19.4 lg/kg and its approximate
intake in humans is 7.5 lg/day. Owing to its lipophilic potential
and long half-life, NP and its metabolites are accumulated in body
that can be detected in milk, blood, urine and body tissues of
humans (Acir and Guenther, 2018).

NP is reported to generate multiple toxicities in body such as
immunotoxicity, neurotoxicity, embryotoxicity (Soares et al.,
2008) as well as male reproductive toxicity. NP mainly generates
toxicity via elevation of ROS that leads to the imbalance of oxidants
and antioxidants and increase lipid peroxidation (Ijaz et al., 2021).
The imbalance of antioxidant-oxidants damages the macro-
molecules such as, DNA, proteins and lipids, which ultimately
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produces oxidative damage in various organs including liver. It is
well-established that liver is center of metabolic events as well
as site for detoxification and storehouse of xenobiotics. Besides,
NP has shown the tendency to concentrate in liver cells (Uguz
et al., 2003). It was evinced that the NP is a xenoestrogen having
capability to mimic the activities of natural estradiol and therefore,
it interacts with the estrogen receptors on hepatocytes and affect
the liver (Lu and Gan, 2014). Mohamed et al. (2019) stated that
NP exposure causes hepatotoxicity via increasing lipid peroxida-
tion and level of inflammatory markers as well as by inducing
hyperbilirubinemia. Moreover, NP is evidently metabolized in liver
and therefore, it results in the impairment of liver parenchymal
cells and steatosis, thereby disrupting the overall structure and
function of hepatic system (Kazemi et al., 2016).

Scientists are striving to seek safer and effective hepatoprotec-
tive phytochemicals possessing antioxidant properties to counter
liver damages (Singh et al., 2016). Aucubin (AUC), an iridoid glu-
coside, is a phytochemical possessing numerous remedial effects.
It is extracted from the various Chinese pharmacological plants
such as hardy rubber tree and Chinese plantain as well as
Japanese aucuba (Ma et al., 2019). Moreover, AUC is reported to
exhibit anti-oxidant, anti-fibrotic, anti-inflammatory, anti-
carcinogenic and neuroprotective features (Zeng et al., 2020).
Therefore, aforementioned pharmacological properties of AUC
impelled us to use it as a therapeutic agent to cure the
NP-prompted liver toxicity in rats via assessing liver serum
enzymes, oxidative stress markers, inflammatory markers and
histoarchitectural indices.
2. Material and methods

2.1. Animals

A total of 48 male albino rats of 8 weeks of age (180–230 g)
were held in Animal facility of University of Agriculture, Faisalabad
for trial. Standard conditions (24 ± 2 �C; 12 h light/dark cycle) were
sustained. Moreover, open access to standard food and water was
given to rats. Rats were kept in laboratory for a week to acclimatize
them to laboratory conditions. Besides, all the animal handling and
research was performed according to the rules of Ethical Commit-
tee of University of Agriculture, Faisalabad.
2.2. Experimental design

Rats were distributed into 4 groups and NP and AUC was given
for 30 days. Group 1 was control. Group 2 was intoxicated with
50 mg/kg of NP dissolved in DMSO orally. Group 3 was co-
treated with the NP (50 mg/kg) as well as 40 mg/kg of AUC by
oral gavage. Group 4 was only treated with the 40 mg/kg of
AUC orally. The dose of NP (50 mg/kg) was chosen according to
our previous investigation (Woo et al., 2007). 40 mg/kg of AUC
was selected as per the investigation of Yang et al. (2017). After
the experiment, rats were anesthetized by CO2 inhalation and
then decapitated. Cardiac blood was collected in syringes. Serum
was separated from blood and stored at � 80 �C for the evaluation
of hepatic function enzymes. Liver was detached and cut into
equal halves. Half of it was kept in zipper bags and stored at
�20 �C. Homogenization was performed with the chilled phos-
phate buffer saline (25 mM; pH: 7.4) at 11,000g for 20 min using
sonicator homogenizer. The homogenate was later on used for the
determination of inflammatory markers and antioxidative
enzymes. Other half of liver was fixed with the 10% formalin for
histoarchitectural observation.
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2.3. Hepatic function enzymes

Levels of ALT, AST and ALP in samples were evaluated using
ELISA kits (Abcam, MA, USA) and the standard technique given
along with the kits was followed.

2.4. Biochemical assays

The SOD activity was evaluated using a technique presented by
Kakkar et al. (1984). CAT activity was determined by the protocol
of Aebi (1974). GSH was analyzed by protocol of Jollow et al.
(1974). GPx activity was determined according to a process
explained by Rotruck et al. (1973). GSR activity was analyzed by
a protocol given by Carlberg and Mannervik (1975). GST was deter-
mined by the protocol of Habig et al. (1974). MDA level was esti-
mated to measure the lipid peroxidation in accordance with a
method stated by Ohkawa et al. (1979). ROS level was estimated
by methodology of Hayashi et al. (2007).

2.5. Inflammatory markers analysis

Level of NF-kΒ (CSB-E13148r), TNF-a (CSB-E07379r), IL-1b
(CSB-E08055r) and IL-6 (CSB-E04640r) in addition to activity of
COX-2 (CSB-E13399r) were determined by ELISA kits (Cusabio
Technology Llc, Houston, TX, USA) and the instructor’s guide was
followed.

2.6. Histopathological examination

For the histoarchitectural observation, liver tissues were fixed
in formalin (10%), dehydrated with ascending grades of alcohol
and then embedded in the wax blocks. After that, thin sections of
approximately 5 lm were made via a microtome. Staining was
done by the hematoxylin and eosin. Finally, photomicrographs
were taken by observing the slides under the microscope (Leica
DM4000B; Leica Microsystems GmbH).

2.7. Statistical analysis

Data was depicted as Mean ± SEM. Data was investigated by the
one-way ANOVA. Finally, Tukey test was applied and GraphPad
prism 5 software was used. Significance level was kept as p < 0.05.

3. Results

3.1. Role of NP and AUC on hepatic serum enzymes

Assessment of varying levels of liver serum enzymes indicate
the condition of hepatic system. NP exposure led to a significant
upsurge in ALT (P < 0.001), AST (P < 0.01) and ALP (P < 0.001) level
in NP-administered rats compared with control (Fig. 1). Con-
versely, co-treatment of AUC and NP substantially reduced the
level of ALT (P < 0.01), AST (P < 0.001) and ALP (P < 0.001) in com-
parison to NP-gavage rats. Additionally, the levels of ALT
(P < 0.001), AST (P < 0.01) and ALP (P < 0.001) were noticed to be
significantly reduced in AUC (only) treated group compared with
the NP-intoxicated group. However, no significant difference was
observed between AUC group and control.

3.2. Role of NP and AUC on antioxidant profile

The antioxidant enzymes hold the capacity to counter free rad-
icals. Whereas, the reduction in the antioxidative enzymatic activ-
ities implicates oxidative damage. The NP intoxication caused
significant reduction in activity of SOD (P < 0.001), CAT



Fig. 1. Role of NP and AUC on liver function markers. (a) ALT, (b) AST, and (c) ALP. Bars depict the mean ± SEM values (n = 12 rats/group). Significant differences shown as
#P < 0.05, ##P < 0.01, ###P < 0.001 compared to control; *P < 0.05, **P < 0.01, ***P < 0.001 compared to NP-intoxicated group.
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(P < 0.01), GPx (P < 0.001), GSR (P < 0.001) and GST (P < 0.01), along
with GSH level (P < 0.001) in NP group compared to control (Fig. 2).
However, treating rats with NP + AUC remarkably escalated the
activities of SOD (P < 0.001), CAT (P < 0.05), GPx (P < 0.001), GSR
(P < 0.001) and GST (P < 0.01), as well as level of GSH (P < 0.001)
in NP + AUC-treated rats compared to NP group. Furthermore,
the activities of SOD (P < 0.001), CAT (P < 0.01), GPx (P < 0.001),
GSR (P < 0.001) and GST (P < 0.01), as well as GSH level
(P < 0.001) were seen to be significantly high in AUC (only) treated
group in comparison to NP-administered group. Besides, no signif-
icant difference was noted among AUC group and control.
3.3. Role of NP and AUC on oxidative stress markers

The MDA is considered as the indicator of lipid peroxidation. NP
administration brought a pronounced escalation in level of MDA
(P < 0.001) and ROS (P < 0.05) in NP group compared to control
(Fig. 3). However, AUC and NP co-treatment significantly reduced
the level of MDA (P < 0.001) and ROS (P < 0.01) in NP + AUC-admi
nistered rats compared with NP group. Moreover, the levels of
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MDA (P < 0.001) and ROS (P < 0.01) were noted to be significantly
low in AUC (only) treated group in comparison to NP-administered
group. Whereas, no significant difference was observed among
AUC group and control.
3.4. Role of NP and AUC on inflammatory markers

NP provision significantly resulted in a visible increase in level
of NF-kΒ (P < 0.001), TNF-a (P < 0.05), IL-1b (P < 0.001) and IL-6
(P < 0.01) in addition to increased COX-2 activity (P < 0.001) in liver
of NP group compared with control (Fig. 4). Whereas, AUC treat-
ment significantly suppressed the level of NF-kΒ (P < 0.001),
TNF-a (P < 0.01), IL-1b (P < 0.001) and IL-6 (P < 0.01) as well as
COX-2 activity (P < 0.01) in co-treated (NP + AUC) group in contrast
to NP group. Additionally, the levels of NF-kΒ (P < 0.001), TNF-a
(P < 0.01), IL-1b (P < 0.001) and IL-6 (P < 0.01) apart from COX-2
activity (P < 0.001) were observed to be significantly lower in
AUC (only) treated group compared to NP-administered group.
Besides, no significant difference was noticed among inflammatory
marker levels of AUC (only) treated group and control.



Fig. 2. Role of NP and AUC on the antioxidant profile of hepatic tissues. (a) SOD, (b) CAT, (c) GSH, (d) GPx, (e) GSR, and (f) GST. Bars depict the mean ± SEM values (n = 12
rats/group). Significant differences shown as #P < 0.05, ##P < 0.01, ###P < 0.001 compared to control; *P < 0.05, **P < 0.01, ***P < 0.001 compared to NP-intoxicated group.
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Fig. 3. Role of NP and AUC on the oxidative stress markers of hepatic tissues. (a) MDA and (b) ROS. Bars depict the mean ± SEM values (n = 12 rats/group). Significant
differences shown as #P < 0.05, ##P < 0.01, ###P < 0.001 compared to control; *P < 0.05, **P < 0.01, ***P < 0.001 compared to NP-intoxicated group.
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3.5. Role of NP and AUC on histopathological parameters

NP exposure significantly induced the histoarchitectural
changes in hepatic tissues. NP exposure led to the dilated sinusoids
and disrupted central venules as well as adverse alterations in
Kupffer cells and nuclei of hepatocytes in comparison to tissue
samples of control (Fig. 5). Whereas, AUC supplementation
remarkably mitigated all structural alterations in liver morphology
in NP + AUC-treated group compared to NP-intoxicated rats. Addi-
tionally, the histopathological state of hepatic tissues in AUC group
was remarkably better in the AUC (only) treated group compared
with NP-intoxicated group. Moreover, no significant difference
was noticed among rats of AUC group and control.
4. Discussion

In the current study, NP administration exhibited a remarkable
rise in levels of ALT, AST and ALP, which indicated significant hep-
atic damage. A most prominent approach to analyze role of toxi-
cants on liver functionality is via detection of aforementioned
hepatic function enzymes in the serum (Ulasoglu et al., 2019). Rup-
ture in membrane of hepatocytes results in loss of membranous
integrity, which leads to the release of hepatic markers from cyto-
sol into the blood, thereby indicating the hepatic dysfunction
(Nagai et al., 2016). Previous findings have revealed that excess
generation of ROS damage the membrane integrity of hepatocytes,
which brought an uprise in level of the hepatic biomarkers
(Pratibha et al., 2006). Therefore, it was deduced that the NP expo-
sure brought an escalation in level of ROS and the lipid peroxida-
tion, which could impair the membrane integrity of liver cells,
subsequently leading to upregulation in levels of these markers.
However, AUC supplementation lowered the activities of the hep-
atic enzymes in serum. It was assumed that AUC has tendency to
exhibit palliative effect on membranous structure of hepatocytes
by bringing down the lipid peroxidation and ROS level, thereby
abrogating the release of hepatic enzymes in the blood.

Findings of our research demonstrated a decline in activity of
antioxidant enzymes in hepatocytes due to the administration of
NP. Liver cells convert the lipophilic xenobiotics to the hydrophilic
state and facilitate their ejection from the body by the assistance of
activity of antioxidant enzymes (Das and Roychoudhury, 2014).
5

However, the NP-prompted decline in enzymatic activities inhib-
ited the elimination of NP from the body, thereby causing cascade
of damages in hepatic tissues. The SOD enzyme potentially cleaves
the O�

2 into H2O2 and O2, which also prevents the generation of toxic
OH� ions (Kheradmand et al., 2010). CAT plays essential role in the
breakdown of H2O2 into H2O and O2. However, reduction in CAT
activity leads to the accumulation and transformation of H2O2 to
�OH, a highly toxic ion (Vicente-Sánchez et al., 2008). GSH, a cofactor
of GPx, shields hepatocytes against the damages by reducing levels
of H2O2 and other peroxides as well as plays a crucial role in xeno-
biotic detoxification (Fenoglio et al., 2005). GST assists in prevention
of oxidative damages from the free radicals and is involved in
removal of toxic substances (Hayes et al., 2005). It is well-
established that the cell membranes are enriched in poly-
unsaturated fatty acids (PUFAs). The NP-generated ROS react with
the lipid content of the PUFAs, and cause lipid peroxidation as
evinced by the elevated level of MDA. Conversely, treating rats with
the AUC led to a prominent escalation in activities of antioxidant
enzymes and GSH, while level of MDA and ROS was reduced. The
antioxidant property of AUC owes to its ROS scavenging feature as
well as its protective effect on antioxidant defense system in the
body. It is indicated that the polyphenols have tendency to inhibit
the oxidative stress, due to the presence of high number of hydroxyl
groups in their structure (Dion et al., 2015). AUC is a polyphenolic
agent, having several hydroxyl groups in its structure, which plausi-
bly contributed to its antioxidant effects. Therefore, it was presumed
that the possible reason behind the antioxidant nature of AUC are
the multiple hydroxyl groups in its structure.

To ascertain the effect of NP and AUC on inflammatory index in
liver, inflammatory marker profile was assessed. NP administration
in rats resulted in substantial elevation in level of inflammatory
markers. Oxidative stress leads to activation of NF-jB, which
results in the liberation and shifting of activated NF-jB in the
nucleus, thereby transcribing various inflammatory markers
(TNF-a, IL-1b and IL-6) in addition to the inflammatory enzyme
(COX-2) (Wang et al., 2018). NF-jB has tendency to control the
numerous stages of inflammation simultaneously. Lee et al.
(2004) reported that the COX-2 holds the tendency to elicit inflam-
matory responses and damages tissues following the NF-jB activa-
tion. Our study revealed that the NP caused inflammation in
hepatocytes of rats due to elevation in levels of inflammatory
markers. However, supplementation of AUC remarkably brought



Fig. 4. Role of NP and AUC on the inflammatory markers in hepatic tissues. (a) NF-kΒ, (b) TNF-a, (c) IL-1b, (d) IL-6, and (e) COX-2. Bars depict the mean ± SEM values (n = 12
rats/group). Significant differences shown as #P < 0.05, ##P < 0.01, ###P < 0.001 compared to control; *P < 0.05, **P < 0.01, ***P < 0.001 compared to NP-intoxicated group.
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down their levels validating that it could play the role of potent
anti-inflammatory agent. It was assumed that the NP led to the
uprise in level of inflammatory biomarkers possibly by activating
NF-jB signaling pathway, whereas the AUC treatment reduced
the level of these markers by suppression of NF-jB activation.
6

Histomorphological assessment of liver tissues exhibited vari-
ous adverse effects of NP on hepatic tissues such as, dilated sinu-
soids and disrupted central venules as well as adverse alterations
in kupffer cells and nuclei of hepatocytes. NP prompted these
structural damages owing to the lipid peroxidation and generation



Fig. 5. Role of NP and AUC on morphology of liver tissues (400x). (a) Control group exhibiting normal histology, (b) NP group displaying necrosis all over the hepatic tissues,
(c) NP + AUC group revealing prominent improvements in morphology of hepatic tissues, and (d) AUC group showing noticeable structural similarities with the control group.
NP, nonylphenol; AUC, aucubin; S, sinusoids; CV, central vein; KC, kupffer cell; N, nucleus; H, hepatocytes.
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of free radicals. These free radicals have capability to disrupt the
structure of macromolecules and cause oxidative damages, which
subsequently affect the structure and normal functioning of liver
(Zeashan et al., 2008). It was previously reported that NP exposure
results in a prominent decline in antioxidative enzymes’ activities,
which resulted in the induction of histoarchitectural alterations in
the testicular tissues of rats (Ijaz et al., 2021). The current study
evidenced that that the morphological damages were observed in
hepatic tissues due the decrease in activities of antioxidant
enzymes. However, administration of AUC profoundly abrogated
the NP-instigated histopathological damages in the liver of rats.
Therefore, it was inferred that AUC could confer histoprotective
effect on the morphology of liver tissues due to its antioxidant
and anti-inflammatory property.
5. Conclusion

Taken together, NP administration caused hepatotoxicity by
elevating levels of ALT, AST and ALP as well as by decreasing the
antioxidative enzymes activity and GSH content. Moreover, levels
of MDA and ROS, along with the levels of inflammatory biomarkers
were scaled up. In addition to it, histoarchitectural alterations were
observed in the liver tissues due to NP intoxication. Nonetheless,
AUC could efficaciously rectify the damages in hepatic system of
rats suggesting that the AUC could be used as a potential hepato-
7

protective agent against NP-prompted liver toxicity owing to its
antioxidant and anti-inflammatory nature.
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