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A B S T R A C T   

Nonylphenol (NP) is potent noxious pollutant which is documented to induce nephrotoxicity via escalating the 
levels of oxidative stress in renal tissues. Aucubin (AUC) is a novel phytochemical having tremendous phar-
macological abilities. This research aimed to estimate the efficacy of AUC against NP intoxicated renal impair-
ment in male albino rats. 48 albino rats were randomly assigned into four different groups viz. control group, NP 
administered group (50 mg/kg), NP + AUC administrated (50 mg/kg + 40 mg/kg) group and AUC treated (40 
mg/kg) group. Our results showed that NP intoxication raised urinary proteins, creatinine, urea, urobilinogen, 
NGAL and KIM-1 levels. Besides, NP exposure lowered the levels of creatinine clearance and albumin. 
Furthermore, NP treatment lowered level of total protein, activities of catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GPx), glutathione S-transferase (GST), glutathione reductase (GSR) & glutathione 
(GSH) contents along with the level of total antioxidant status (TAS) however, raising the oxidative stress 
markers levels Thiobarbituric acid reactive substance (TBARS), reactive oxygen species (ROS), hydrogen 
peroxide (H2O2) & total oxidant status (TOS). Additionally, following the NP administration, the levels of Bax, 
caspase-9, & caspase-3 were augmented however the Bcl-2 level was decreased. Furthermore, rats exposed to NP 
showed various histopathological disruptions. Whereas treatment with AUC showed a palliative effect against 
NP-induced renal damage, restoring all alterations to normal levels. Taken together, AUC administration 
convalesced NP-induced kidney impairment.   

1. Introduction 

Nonylphenol (NP) is a man-made xenobiotic with the potential to 
generate toxicity in various organs (Lalonde and Garron; 2021). NP is 
reported as a volatile, hazardous, and persistent chemical (Hong et al., 
2020). NP is commonly used in various industries to manufacture sur-
factants, dyes, plastic products, rubbers, resins, fibers as well as pesti-
cides (Noorimotlagh et al., 2020). Eye contact, skin contact, absorption, 
inhalation, and intake of vegetables, milk, fruits, and cereals are all 
plausible routes of NP exposure. Because of its hydrophobicity and 
prolonged half-life, NP can persist and build up in the environment, 
posing several health risks to both animals and human beings (Shen 
et al., 2014). 

Biotransformation and accumulation of NP are critical elements in 
developing NP-induced kidney impairment (Perazella, 2012). NP can 

cause severe toxicities in the body, including immunotoxicity, neuro-
toxicity, embryotoxicity, reproductive toxicity, and nephrotoxicity 
(Soares et al., 2008). The primary mechanism through which NP pro-
vokes toxicity is through excessive production of ROS, which causes an 
increase in LPO as well as an imbalance of oxidants and antioxidants 
(Rehman et al., 2022). Antioxidant-oxidant imbalance destroys the 
DNA, lipids, and proteins resulting in oxidative stress in different organs, 
including kidney (Ratliff et al., 2016). Kidney is well-known for being 
the centre of filtration and regulatory processes of fluid maintenance, as 
well as a place for detoxification and removal of metabolic wastes (Mori 
et al., 2005). It is documented that NP accumulates in the kidneys 
causing a rapid disruption in KIM-1and NGAL. NP interacts with estro-
gen receptors on kidney endothelial cells to cause renal tubular injury 
and nephropathy (Ding et al., 2007). NP has tendency to induce 
inflammation and mitochondrial dysfunction in renal tissues, which 
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subsequently leads to hyperbilirubinemia (Kruger et al., 2015). 
Plants are often considered an active and effective source of medi-

cine, so, to cure various ailments, scientists are looking for phyto-
chemicals with antioxidant capabilities (Alsharari et al., 2016). Aucubin 
(AUC) is an important member of iridoids that are found in variety of 
plants with diverse pharmacological effects (Regginato et al., 2020). It is 
extracted from many plants, including the rubber tree and the tradi-
tional Chinese plant Aucuba japonica (Shen et al., 2019). AUC has been 
demonstrated to exhibit anti-apoptotic, neuroprotective, anti- 
inflammatory, anti-carcinogenic, & antioxidant potentials (Yang et al., 
2018). Therefore, this investigation was conducted to ascertain the 
curative potential of AUC against NP instigated renal toxicity. 

2. Materials and methods 

2.1. Chemicals 

NP and AUC were obtained from Merch (USA). 

2.2. Animals 

Albino rats (200 ± 20, age 10–12 weeks) were caged at animal house 
of University of Agriculture, Faisalabad. Tap water & chaw feed was 
provided to all animals. The animals were given standard laboratory 
conditions (25 ± 2 ◦C temp.), humidity (55 ± 10) as well as equal period 
of light and dark (12 h) and acclimatized for 7 days. The protocol pro-
vided by “European Union for animal Care and Experimentation” was 
followed to handle the rats. 

2.3. Experimental protocol 

Forty-eight rats (190–210 g) were categorized into four groups (n =
12). Only water and food were supplied to group I, which served as 
control group. 50 mg/kg of NP was orally given to group II. Group III 
was treated orally with the NP and AUC (50 and 40 mg/kg, respec-
tively). Group IV was given 40 mg/kg of AUC orally. Rats were anes-
thetized by using ketamin (60 mg/kg) + xylazine (5 mg/kg) and 
dissected at the end of the experiment. The estimation of the serum 
profile was determined by drawing blood. Following dissection, one 
kidney from each group was isolated and preserved at − 80 degrees 
Celsius for histopathological examination while other was packed in 
zipper bag for the measurement of other parameters (biochemical). 
Before analysis, renal tissues were homogenized in PBS 3 mL having pH 
7.4 and centrifugation was performed at 12000 rpm for 15 min. 

2.4. Biochemical study 

Activity of CAT was estimated by using approach given by Chance 
and Maehly (1955). To determine SOD activity, the procedure stated by 
Kakkar et al. (1984) was used. The protocol delineated by Habig et al. 
(1974) was employed to assess GST activity. GSR activity was observed 
by using the approach demonstrated by Carlberg and Mannervik (1975). 
The GSH contents were evaluated by following the process outlined by 
Jollow et al. (1974) was applied. The GPx activity was measured using 
the technique elucidated by Rotruck et al. (1973). The total protein 
levels were evaluated using the Bradford assay kit (BioRad, USA). TAS & 
TOS levels were evaluated by using the Rel Assay Diagnosing kit as well 
as the procedure delineated by Erel, (2005) & Erel, (2004). 

2.5. Evaluation of TBARS, ROS and H2O2 

The level of TBARS was observed as per the methodology given by 
Iqbal et al. (1996). ROS and H2O2 levels were measured using the (Pick 
and Keisari, 1981) technique. 

2.6. Evaluation of kidney function markers 

To assess the renal function markers including albumin, urobili-
nogen, urea, creatinine, creatinine clearance, and urinary proteins, 
standard diagnostic kits were used. KIM-1 & NGAL were measure by 
using standard ELISA kits manufacture by R & D system Chine Company 
limited. 

2.7. Evaluation of apoptotic markers 

The levels of Bax, caspase-3, caspase-9 and Bcl-2 were measured by 
using commercially available ELISA kits (Cusabio Technology Llc, 
Houston, TX, USA) as per the directions provided in manual book. 

2.8. Histopathological assay 

For fixation, renal tissues were fixed in a buffer solution of 10 % 
formalin. With the increasing alcohol concentrations (80 %, 90 %, and 
100 %), dehydration was carried out. The tissues were entrenched in 
paraplast, and a microtomy was done. Using microtome, 3–4 μm thin 
sections were made and stained with haematoxylin/eosin. By using a 
light microscope, microphotography was performed at 40X. 

2.9. Statistical analysis 

The mean values obtained from the were displayed as Mean ± SEM. 
One-way ANOVA and the Tucky’s test were used to compare various 
groups using Minitab (V17). The level of significance was set at p < 0.05. 

3. Results 

3.1. Effects of AUC on antioxidant enzymes 

NP inebriation noticeably (p < 0.05) diminished the level of total 
protein and antioxidant enzymes activities including SOD, CAT, GSH, 
GPx, GSR, & GST content as matched with the control. Combination of 
NP and AUC considerably (p < 0.05) increased total protein and anti-
oxidant enzymes activities. Nevertheless, only AUC and control group 
showed almost same result with no significant difference (Table 1). 

3.2. Effects of AUC on oxidants 

In NP-intoxicated group, TBARS, ROS, H2O2, and TOS levels were 
notably (p < 0.05) higher while the level of TAS was lowered in contrast 
to control group. Conversely, co-treatment with NP + AUC brought a 
prominent (p < 0.05) reduction in TBARS, ROS, H2O2, and TOS levels 
while the level of TAS was increased in renal tissues. Only AUC-treated 
group showed a significant change in TBARS, ROS, H2O2, TOS, and TAS 
levels. However, no prominent discrepancies were found in the values of 
only AUC supplemented and untreated group (Table 2). 

3.3. Effects of AUC on renal function profile 

NP provision brought a prominent (p < 0.05) rise in urea, creatinine, 
urobilinogen, urinary protein, NGAL and KIM-1 levels. Besides, albumin 
and creatinine clearance were lowered considerably (p < 0.05) 
compared to the control group. Nevertheless, AUC + NP exposure 
demonstrated a counter-effect to NP by decreasing urinary proteins, 
creatinine, urobilinogen, urea, KIM-1, and NGAL levels however 
restored creatinine clearance and serum albumin concentration. How-
ever, there was no discernible difference kidney function marker levels 
between the only AUC treated and control group (Table 3). 

3.4. Effects of AUC on apoptotic biomarkers 

NP inebriation cause a prominent (p < 0.05) rise in caspase-3, Bax, 
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and caspase-9 levels while decreasing Bcl-2 level in the renal tissues. 
Whereas co-treatment with AUC + NP brought a noteworthy (p < 0.05) 
escalation in level of Bcl-2 but diminishing the Bax, caspase-9 & caspase- 
3 levels in comparison to control. Furthermore, values of apoptotic 
marker levels in control group were near to the values of AUC only 
supplemented group as illustrated in Table 4. 

3.5. Effect of AUC on the architecture of renal tissues 

The control and AUC (only) treated groups both had normal renal 
tissue histology. In NP-intoxicated group, histopathological abnormal-
ities were found. Damaged corticular sections and necrotic cell aggre-
gates were seen in the malpighian body. Inflammatory cell penetration, 
tubular stretching, Bowman capsule constriction, and blood vessel 
packing were also seen in the corticular and medullary sections. How-
ever, co-administration of NP and AUC decreased the renal damage by 
restoring glomerular deterioration, interstitial fibrosis, and normal renal 
tissues (Fig. 1). 

4. Discussion 

Our investigation was aimed to evaluate the nephroprotective im-
pacts of AUC against NP-prompted kidney tissue damage in male albino 
rats. In this investigation, NP provision diminished the level of total 
protein & antioxidant enzymes activities in renal tissues. SOD, GPx and 

CAT are the key antioxidant enzymes with a great potential to reduce the 
production of ROS (Bennett et al., 2008). The SOD enzyme can sub-
stantially prevent harmful OH• ions formation by converting O−

2 into 
H2O2 (Ighodaro and Akinloye; 2018). CAT is a vital antioxidant enzyme 
that facilitates GSH and GPx in converting H2O2 into H2O and O2 
(Bennett et al., 2008). AUC provision led to an escalation in level of total 
protein & activities of antioxidant enzymes Jeoung stated that the hy-
droxyl groups of AUC are the key elements, which may possibly 
contribute to its antioxidant characteristic to scavenge ROS (Jeong et al., 
2002). 

NP administration elevated the levels of ROS, TBARS, TOS, H2O2 
while TAS level was downregulated. The elevation in the levels of lipid 
peroxidation was reflected by the increase in TBARS level. NP causes 
kidney damage by raising H2O2, which increases TBARS and ROS levels, 
resulting in a lower antioxidant index (Afsar et al., 2016). Increased lipid 
peroxidation, which is caused by decreased activity of cellular antioxi-
dant enzymes & an increase in ROS, is a contributing factor to a number 
of adverse effects brought on by NP exposure in the body. Overall 
oxidation status is indicated by TOS (Sahreen et al., 2015). Whereas TAS 
reflects the total antioxidant state of the body (Erel, 2004). Reduction in 
the antioxidant enzyme was also reflected by the decrease in the value of 
TAS. While OS was revealed by the increase in TOS. However, co- 
treatment AUC brought down the levels of ROS, TBARS, TOS, H2O2 
while increased the level of TAS, which may be ascribed its therapeutic 
potential. 

Our study revealed that NP inebriation substantially increased the 

Table 1 
Effect of NP, AUC, and their combination on total protein, CAT, GPx, SOD, GSR, GST, and GSH in the kidney of rats.  

Groups CAT (U/mg 
protein) 

GPx (U/mg 
protein) 

SOD (U/mg 
protein) 

GSR (nM NADPH 
oxidized/min/mg 
tissue) 

GST (nM/min/mg 
protein) 

GSH (μM/g 
tissue) 

Total 
protein (µg/mg 
tissues) 

Control 9.77 ± 1.05a 17.67 ± 1.60a 6.85 ± 0.05a 3.95 ± 0.09a 28.22 ± 0.87 18.7 ± 0.57ab 258.68 ± 3.74a 

NP 4.63 ± 1.07b 7.46 ± 0.17a 3.10 ± 0.11c 1.40 ± 0.13c 10.42 ± 0.93 7.73 ± 0.66c 101.1 ± 4.76c 

AUC þ
NP 

8.39 ± 1.13a 12.81 ± 0.54b 5.48 ± 0.18b 2.66 ± 0.12b 23.36 ± 1.01 15.60 ± 0.66b 190.89 ± 4.76b 

AUC 9.83 ± 1.47a 0.97 ± 0.56c 6.87 ± 0.08a 3.99 ± 0.09a 28.31 ± 0.95 18.98 ± 1.97a 263.77 ± 4.06a 

Distinct superscripts on resulted values exhibiting notable difference from other groups. 

Table 2 
Effect of NP, AUC on TBARS, ROS, H2O2, TOS, and TAS in rat kidney.  

Groups TBARS 
(nM/min/ 
mg tissue) 

ROS 
(U/mg 
tissue) 

H2O2 (nM/ 
min/mg 
protein) 

TOS 
(µmol/ 
L) 

TAS 
(mmol/ 
L) 

Control 1.06 ±
0.10c 

0.85 ±
0.09c 

1.25 ± 0.11c 8.10 ±
0.08c 

3.02 ±
0.06a 

NP 7.12 ±
0.32a 

3.76 ±
0.07a 

7.60 ± 1.02a 18.60 ±
0.25a 

1.12 ±
0.05c 

AUC þ
NP 

2.44 ±
0.10b 

1.71 ±
0.13b 

2.54 ± 0.16b 12.95 ±
0.08b 

2.62 ±
0.03b 

AUC 1.02 ±
0.12c 

0.79 ±
0.08c 

1.22 ± 0.09c 8.97 ±
0.08c 

3.05 ±
0.06a 

Distinct superscripts on resulted values exhibiting notable difference from other 
groups. 

Table 3 
Effect of AUC, NP, and their combination on the activity of KIM-1 and NGAL along with urea, creatinine, creatinine clearance, albumin, urobilinogen, and urinary 
protein levels in rat kidney.  

Groups Urea 
(mg/dl) 

Creatinine 
(mg/dl) 

Creatinine Clearance 
(ml/min) 

Albumin 
(mg/dl) 

Urobilinogen 
(mg/dl) 

Urinary 
Proteins 
(mg/dl)  

KIM-1 
(mg/ml) 

NGAL 
(ng/day) 

Control 19.77 ± 0.60c 1.52 ± 0.08bc 1.56 ± 0.05a 8.36 ± 0.26a 1.65 ± 0.07b 10.73 ± 1.19 0.37 ± 0.02c 0.71 ± 0.80c 

NP 75.42 ± 1.74a 7.62 ± 0.15a 0.57 ± 0.08c 1.86 ± 0.11c 11.11 ± 0.86a 39.22 ± 1.87 3.74 ± 0.07a 5.48 ± 0.16a 

AUC þ NP 29.49 ± 0.71b 2.14 ± 0.21b 1.01 ± 0.05b 6.51 ± 0.06b 2.70 ± 0.23b 20.79 ± 0.92 1.14 ± 0.06b 1.43 ± 0.07b 

AUC 18.48 ± 0.70c 1.44 ± 0.87c 1.53 ± 0.05a 7.43 ± 0.25a 1.60 ± 0.06b 10.72 ± 1.06 0.36 ± 0.02c 0.69 ± 0.07c 

Distinct superscripts on resulted values exhibiting notable difference from other groups. 

Table 4 
Effects of NP, AUC and their combinations on kidney apoptotic markers in rats.  

Groups Bax (pg/ 
mL) 

Bcl-2 (ng/ 
mL) 

Caspase-3 (pg/ 
mL) 

Caspase-9 (pg/ 
mL) 

Control 2.21 ±
0.23a 

21.27 ±
1.16a 

1.18 ± 0.22a 2.25 ± 0.26a 

NP 9.76 ±
0.57b 

7.00 ±
0.26b 

14.40 ± 0.68b 24.71 ± 1.08b 

AUC þ
NP 

3.21 ±
0.19c 

15.59 ±
0.72c 

3.18 ± 0.35c 3.89 ± 0.21c 

AUC 2.13 ±
0.26a 

22.23 ±
1.57a 

1.16 ± 0.17a 2.21 ± 0.23a 

Distinct superscripts on resulted values exhibiting notable difference from other 
groups. 
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concentration of creatinine, urea, albumin, urinary proteins, creatinine 
clearance, and urobilinogen. According to Sahreen et al. (2015), uro-
bilinogen is not a component of urine normally; the presence of a high 
concentration of urobilinogen in urine indicates renal damage. Kotb 
et al. (2018) reported that NP augmented blood urea and serum creat-
inine concentrations that indicated renal damage. Khan et al. (2010) 
elucidated that higher urea, creatinine, and urinary protein contents, 
along with a considerable diminution in albumin and creatinine clear-
ance, are biomarkers of acute oxidative damage. The results of this 
research are in conformity with the outcomes of by Korkmaz et al. 
(2010) who reported that NP-intoxicated rats had elevated levels of 
urea, urobilinogen, and creatinine levels than the control group. How-
ever, AUC therapy reversed the altered concentrations of these markers, 
owing to the therapeutic impacts of AUC against NP-prompted kidney 
damage. 

NP administration resulted in a considerable increase in NGAL and 
KIM-1 levels, reflecting serious renal injury. The measurement of the 
aforementioned kidney function biomarkers in the blood is a reliable 
method for analysing the effects of toxicants on kidney functions 
(Lalonde and Garron, 2021). Renal proximal tubular disruption causes a 
loss of membranous integrity that results in kidney dysfunction (Khan 
et al., 2010). Previous research has demonstrated that excessive pro-
duction of ROS damages the membrane integrity of renal tissues, 

increasing the levels of renal biological markers such as KIM-1 and 
NGAL (Lalonde and Garron, 2021). Besides, AUC treatment reduced the 
levels of renal markers in blood serum. Therefore, it was deduced that 
AUC might exert palliative impact on the membranous structure of the 
kidney, which was evinced by the low levels of KIM-1 and NGAL (Mali 
and Dhake, 2011). 

Our findings showed that exposure to NP elevated the levels of 
caspase-3, Bax, & caspase-9 while diminishing the Bcl-2 level. Bax is an 
apoptosis-promoting protein, while Bcl-2 is an anti-apoptosis protein 
(Subbaramaiah and Dannenberg, 2003). Apoptotic cell death results due 
to the relative imbalance of these proteins. Apoptosis is caused by a 
number of signals that change the mitochondrial membrane perme-
ability which enhance the liberation of cytochrome C from the mito-
chondria (Klanova et al., 2022). Cytochrome C is a pro-apoptosis factor 
that is liberated from the outer membrane of mitochondria into the 
cytoplasm, where it links to Apaf-1 & pro-caspase-9 to activate caspase- 
9. Furthermore, caspase-9 provokes caspase-3 activation which ulti-
mately induces various apoptotic events in cell (Budihardjo et al., 1999). 
Nonetheless, AUC treatment remarkably restored abovementioned 
apoptotic dysregulations owing to its antiapoptotic nature. 

Histopathological analyses revealed that NP administration signifi-
cantly caused structural damages such as degenerated proximal tubules, 
glomerular atrophy and annihilated Bowman’s capsule in the kidney 

Fig. 1. Nephroprotective effect of ACU on NP induced alterations in kidney histology. A) Control group B) NP group (50 mg/kg b.wt) C) NP (50 mg/kg b.wt) + AUC 
(40 mg/kg b.wt) group D) AUC group (40 mg/kg b. wt). 
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tissues. The histopathological damages caused due to NP administration 
in our study are in consistent with the previous investigations in which 
NP exposure resulted in structural degenerations in kidney (Arya et al., 
2011). NP exposure reduced the antioxidant enzymes activities and 
elevated the level of oxygen free radicals, resulting in OS subsequently 
causing lipid peroxidation and disruption of biomolecules such as DNA, 
lipids and protein that eventually resulted in renal toxicity. Ijaz et al. 
(2023) elucidated that excessive generation of ROS disrupts the normal 
architecture of renal tissues in albino rats. In a prior investigation, it was 
found that 4-NP intoxication produced glomerular degeneration, an in-
crease in Bowman’s space, and congestion (Shirdel et al., 2020; Kan-
demir et al., 2018). However, AUC administration remarkably reduced 
the NP induced histological damages in rat’s kidney which is attributed 
to its reno-protective abilities. 

5. Conclusion 

Our study elucidated the therapeutic potential of AUC to treat NP- 
induced kidney impairment. AUC exhibited significant protective ef-
fects against OS, inflammation, and apoptosis, which are the key aspects 
of NP prompted kidney toxicity. The alteration in the levels of antioxi-
dants, kidney function markers, inflammatory indices, apoptotic 
markers, & histological disruptions were successfully alleviated by AUC 
treatment. The antioxidant, anti-apoptotic, & anti-inflammatory prop-
erties of AUC are linked to its nephroprotective efficacy. 
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