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Abstract 
Paraquat (PQ) is a herbicide that has the potential to instigate nephrotoxicity in 

animals and human. Sciadopitysin (SPS) is a biflavonoid that is extracted from Taxus 

cuspidate and displays diverse biological activities including anti-oxidant, anti-

inflammatory and anti-apoptotic. Therefore, the present investigation was designed to 

evaluate the mitigative potential of SPS against PQ prompted renal toxicity in albino 

rats. 48 male albino rats were divided into 4 groups, such as control group, PQ treated 

group (5 mgkg
-1

), PQ + SPS co-treated group (5 mgkg
-1

 and 2 mgkg
-1 

respectively) 

and only SPS treated group (2 mgkg
-1

). The exposure of PQ significantly reduced 

Nrf-2 as well as anti-oxidant enzymes expression, while increasing Keap-1 

expression. Moreover, anti-oxidant enzymes such as, glutathione reductase (GSR), 

superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT), 

glutathione-S-transferase (GST), heme oxygenase-1 (HO-1) and glutathione (GSH) 

activities were decreased. However, in PQ-treated rats malondialdehyde (MDA) and 

reactive oxygen species (ROS) contents were significantly increased. PQ exposure 

also increased the serum level of urea, urinary protein, urobilinogen and creatinine 

while decreased creatinine clearance and albumin protein levels. Moreover, KIM-1 

and NGAL levels were also increased in PQ exposed rats. Additionally, inflammatory 

indices including nuclear factor kappa-B (NF-κB), interleukin-6 (IL-6), tumor 

necrosis factor-α (TNF-α) interleukin-1β (IL-1β) and cyclooxygenase-2 (COX-2) 

activity were increased in PQ administrated rats. Besides, it escalated the Bax and 

Caspase-3 expression. Contrarily, a substantial decrease was observed in anti-

apoptotic marker, Bcl-2 expression. The exposure of PQ also induced significant 

histopathological damages in renal tissues. Nevertheless, SPS supplementation 

recovered all these damages due to its anti-apoptotic, anti-oxidant and anti-

inflammatory nature. 
  

Keywords: Paraquat, Sciadopitysin, Renal damage, Oxidative stress, Inflammation 

 

How to cite this:  

Ijaz MU, Kalsoom A, Hamza A and Ehsan N. Sciadopitysin attenuates paraquat 

induced renal toxicity by modulating Nrf-2/Keap-1 pathway in male albino rats. 

Asian J. Agric. Biol. 2023(4): 2023110. DOI: https://doi.org/10.35495/ajab.2023.110 
 

This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License. 

(https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided 

the original work is properly cited. 

 

  

Original Article  AJAB 

https://doi.org/10.35495/ajab.2023.110
https://creativecommons.org/licenses/by/4.0


Muhammad Umar Ijaz et al. 

                                                                2/14  Asian J Agric & Biol. 2023(4). 

Introduction 
 

Herbicides are the chemicals that are used in 

agriculture sector to control unwanted weeds and 

have the potential to induce severe damage in the 

tissues of animals (Mahmood et al., 2021). Paraquat 

(PQ) is a nonselective and contact herbicide that is 

used to control invasive grasses (Edori et al., 2013).  

It is an extremely noxious herbicide to both humans 

and animals. Humans are exposed to PQ through 

food, skin contact, or inhalation. According to 

previous study, PQ exposure leads to death due to the 

absence of effective treatment (Han et al., 2014; 

Atashpour et al., 2017; Hu et al., 2017). An extreme 

exposure of PQ can cause death within 3.5 hours. 

Organisms exposed to PQ shows mortality rates 

between 60-80% (Kuan et al., 2016; Nikdad et al., 

2020). 

PQ causes toxicity by producing reactive oxygen 

species (ROS) that prompts tissue damage (Zheng et 

al., 2020). At the physiological level, ROS normally 

controls growth factors, cell signaling and 

inflammatory responses, nevertheless excessive 

production of free radical results in serious damage 

(Raza et al., 2022; Zeinvand-Lorestani et al., 2015). 

PQ is reported to cause testicular damage, 

hepatotoxicity, pulmonary toxicity, neurotoxicity and 

nephrotoxicity (Kim et al., 2009; Baharuddin et al., 

2011; Wu et al., 2012; Blanco-Ayala et al., 2014; 

Ofoego et al., 2018). 

Kidneys are major site of PQ accumulation. One of 

the major reasons of PQ-induced death is 

nephrotoxicity (Wei et al., 2014). Renal toxicity 

caused by PQ is a common adverse effect that is 

usually the first sign of systemic toxicity. Reduced 

renal clearance rate and other organ dysfunctions are 

all symptoms of PQ-induced renal impairment. 

Previous research on the PQ toxicity indicated a 

profound increase in blood creatinine level, which 

suggests a decline in the kidneys' glomerular 

filtration rate (GFR) (Wunnapuk et al., 2013; 

Mohamed et al., 2015). Following exposure to PQ, 

renal tubules lose their characteristic forms and leads 

to congestion in the blood vessels of the kidneys and 

glomerular degeneration (Gu et al., 2016). 

Antioxidant compounds play an important role in the 

prevention of multiple diseases (Talas et al., 2014). 

In the past ten years, numerous researchers have 

focused on the significance of plant derived anti-

oxidants as potential agents for treating various OS-

related diseases and toxicities. Flavonoids are an 

essential class of polyphenols that are reported to 

show a variety of benefits in the nutraceutical, 

pharmaceutical and cosmetics industries (Kumar and 

Pandey, 2013). Biflavonoids exhibit good anti-

oxidative capacity and can be employed as 

antioxidants to shield cells from free radical damage 

(Ye et al., 2012). Sciadopitysin (SPS) is an important 

amentoflavone derivative biflavonoid with the 7, 4', 

4'-trimethyl ether structure. SPS is isolated from the 

young branches of Taxus cuspidate and displays 

diverse biological activities i.e., anti-inflammatory, 

blood glucose regulation, anti-oxidant, 

cardiovascular protection, and neuroprotective 

(Dell’Agli et al., 2006; Choi et al., 2006; Gu  et al., 

2013; Suh  et al., 2018; Wenbo  et al., 2021). Thus, 

by considering these therapeutical potentials of SPS 

into account, the present study was designed to 

investigate the palliative role of SPS on PQ prompted 

kidney dysfunction in rats. 

 

Material and Methods 
 

Chemicals 

Analytical grade PQ and SPS were purchased from 

Sigma-Aldrich (Germany).  

 

Animals 

The research was accomplished on 48 adult male 

albino rats (180-200g weight). The animals were 

obtained from the Animal House of the University of 

Agriculture, Faisalabad and were housed in stainless-

steel cages at 24-26℃ temperature and in 12-hour 

light/dark cycle. During the whole experiment, the 

animals were provided with water & regular feed. 

The animals were handled as per the protocol 

approved by the European Union of Animal Care and 

Experimentation (CEE Council 86/609). 

 

Experimental protocol 

48 rats were separated into 4 equal groups (n = 

12/group). The following doses were administered to 

the rats: control group, PQ treated group (5 mgkg
-1

 of 

PQ), PQ+SPS co-treated group (5 mgkg
-1

 of PQ and 

2 mgkg
-1

 of SPS orally), and only SPS supplemented 

group (2 mgkg
-1

 of SPS). The dose of PQ (5 mgkg
-1

) 

was selected according to the previous study 

(Kheiripour et al., 2021). Whereas the dose of SPS (2 

mgkg
-1

) was selected in compliance with the earlier 

study of Cai and Li (2020). The trial was conducted 

for 30 days. At the end, animals were anaesthetized 

with ketamine & xylazine, decapitated and blood was 
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collected in heparinized tubes. Then the blood was 

centrifuged at 3000 rpm for 15 minutes. After 

separation, plasma was kept at −20°C until further 

assessment. The right kidney was kept at −80°C for 

biological observation. On the other hand, the left 

kidney was fixed in 10% formalin for histological 

analysis. 

 

Assessment of biochemical parameters 

The method demonstrated by Chance and Maehly 

(1955) was followed to assess CAT activity. The 

activity of SOD was appraised by using the approach 

of Kakkar et al. (1984). GPx content was quantified 

through the procedure of Lawrence and Burk (1976). 

The activity of GSR was evaluated by using the 

methodology of Carlberg and Mannervik (1975). 

GSH content was calculated by using the 

spectrophotometric methods stated by Jollow et al. 

(1974), whereas Younis et al. (2016) methodology 

was used to estimate GST activity. Additionally, HO-

1 activity was appraised by analyzing the formation 

of bilirubin via the approach of Magee et al. (1999). 

Whereas, ROS content was evaluated as per the 

protocol demonstrated by Hayashi et al. (2007) and 

MDA concentration was measured by using the 

approach of Ohkawa et al. (1979). 

 

Ribonucleic acid extraction and real-time 

quantitative reverse transcription polymerase 

chain reaction 
The expression of Nrf-2/Keap-1, anti-oxidant 

enzymes and Caspase-3, Bcl-2 & Bax were evaluated 

by qRT-PCR. Ribonucleic acid (RNA) was separated 

by using TRIzol reagent. Total RNA was changed 

into complementary deoxyribonucleic acid with the 

help of Fast Quant RT kit (Takara, China). According 

to Livak and Schmittgen (2001), changes in these 

expressions were appraised by 2
-ΔΔCT

 using β-actin as 

an interior regulator (Livak and Schmittgen, 2001). 

Table 1 displays the primer sequences of the target 

genes as described earlier by Ijaz et al. (2021) and 

Hamza et al. (2023). 

 

Kidney function markers evaluation 

The standard diagnostic kits were employed to assess 

the urea (Cat No. ab83362), urinary protein (Cat No. 

9040), albumin (Cat No. MAK124A), urobilinogen 

(Cat No. B2012103), creatinine (Cat No. ab65340) 

and creatinine clearance (Cat No. ab65340) levels. 

The levels of urine KIM-1 and serum NGAL were 

evaluated via KIM-1 Quantikine ELISA Kits and 

NGAL Quantizing ELISA-Kits (R and D Systems 

Company Ltd. Changning, China) as per the 

manufacturer's instructions. 

 
Table-1. Primers sequences for the real-time 

quantitative reverse transcription-polymerase (RT-

qPCR). 

Gene Primers 5' -> 3' 
Accession 

number 

Nrf-2 F: ACCTTGAACACAGATTTCGGTG NM_031789.1 

 R: TGTGTTCAGTGAAATGCCGGA  

Keap-1 F: ACCGAACCTTCAGTTACACACT NM_057152.1 

 R: ACCACTTTGTGGGCCATGAA  

CAT F: TGCAGATGTGAAGCGCTTCAA NM_012520.2 

 R: TGGGAGTTGTACTGGTCCAGAA  

SOD F: AGGAGAAACTGACAGCTGTGTCT NM_017051.2 

 R: AAGATAGTAAGCGTGCTCCCAC  

GPx F: TGCTCATTGAGAATGTCGCGTC NM_030826.4 

 R: ACCATTCACCTCGCACTTCTCA  

GSR F: ACCAAGTCCCACATCGAAGTC NM_053906.2 

 R: ATCACTGGTTATCCCCAGGCT  

GST F: TCGACATGTATGCAGAAGGAGT NM_031509.2 

 R: CTAGGTAAACATCAGCCCTGCT  

HO-1 F: AGGCTTTAAGCTGGTGATGGC NM_012580.2 

 R: ACGCTTTACGTAGTGCTGTGT  

Bax F: GGCCTTTTTGCTACAGGGTT NM_017059.2 

 R: AGCTCCATGTTGTTGTCCAG  

Bcl-2 F: ACAACATCGCTCTGTGGAT NM_016993.1 

 R: TCAGAGACAGCCAGGAGAA  

Caspase-3 F: ATCCATGGAAGCAAGTCGAT NM_012922.2 

 R: CCTTTTGCTGTGATCTTCCT  

β-actin F: TACAGCTTCACCACCACAGC NM_031144 

 R: GGAACCGCTCATTGCCGATA  

 

Inflammatory markers assessment 

The inflammatory indices i.e., IL-6 (CSB-E04640r), 

NF-𝜅B (CSB-E13148r, IL-1β (CSB-E08055r), TNF-

𝛼 (CSB-E07379r) and COX-2 (CSB-E13399r) 

activity were assessed via rat ELISA kits. The 

analysis were performed using an Elisa Plate Reader 

in accordance with the company's guidelines 

(Cusabio Technology Llc, Houston, TX, USA). 

 

Histopathological assessment 

For histological analysis the left kidney tissues of the 

rats were used. After cleaning the kidneys with cold 

saline solution, the tissues were fixed in 10% 

formalin, then subsequently dehydrated by using 

increasing grades of ethanol (70, 90 and 100%). After 

that the tissues were embedded in paraffin wax. 

Then, 4-5 μm thick slices were cut with the help of 

820 Spencer rotatory microtome and stained with 

Hematoxylin and Eosin (H & E). These slides were 

examined microscopically, equipped with an 

automatic camera. ImageJ2X software was used to 

examine the pictures. 

 

https://www.sciencedirect.com/science/article/pii/S1018364723001544#b0190


Muhammad Umar Ijaz et al. 

                                                                4/14  Asian J Agric & Biol. 2023(4). 

Statistical analysis 

The results were expressed as Mean ± SEM. Using 

Minitab software, One-way analysis of variance 

(ANOVA) and turkey’s test were applied. The 

significance level was set at P < 0.05. 

 

Results  
 
Effects of SPS and PQ on Nrf-2/Keap-1 pathway 

PQ exposure led to a significant (P < 0.05) decrease 

in Nrf-2 and anti-oxidant enzymes (SOD, GPx, CAT, 

GST, HO-1 and GSR) expression, whereas elevated 

the expression of Keap-1 in PQ treated group as 

compared to the control group. Nevertheless, SPS 

treatment increased Nrf-2 and anti-oxidant enzymes 

expression, while down-regulating the Keap-1 

expression. Moreover, only SPS supplemented group 

presented these expressions that were almost similar 

to the control group (Figure 1, 2). 

 

Effects of SPS and PQ on antioxidant activities of 

enzymes 

PQ administration significantly (P < 0.05) reduced 

anti-oxidant enzymes, CAT, GPx, SOD, GSH, GSR, 

HO-1 and GST activities. However, as compared to 

PQ-intoxicated group, the co-administration of PQ 

and SPS notably improved anti-oxidant enzymes 

activities in co-treated group. Moreover, only SPS 

supplemented group showed similar enzymatic 

activities as in the control group (Table 2).  

 

 

 

 

 

 
Figure-1. Effect of PQ and SPS on a) Nrf-2, b) Keap-1 expression. Bars are rooted on mean ± SEM 

values. Dissimilar letters on bars are showing considerable (P < 0.05) variation.  
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Figure-2. Effect of PQ and SPS on the expression of a) CAT, b) SOD, c) GPx, d) GSR, e) GST and f) HO-1. Bars are 

rooted on mean ± SEM values. Dissimilar letters on bars are showing considerable (P < 0.05) variation. 
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Table-2. The effect of PQ and SPS on biochemical markers 

PARAMETERS 
GROUPS 

Control PQ PQ + SPS SPS 

CAT (Umg
-1

 protein) 9.52±0.17a
 4.30±0.09c

 8.11±0.14b
 9.54±0.16a

 

SOD (Umg
-1

 protein) 7.62±0.18
a
 3.09±0.08c

 6.36±0.14b
 7.66±0.19a

 

GPx (Umg
-1

 protein) 24.11±0.32
a
 6.33±0.17

c
 18.63±0.53

b
 24.27±0.34a

 

GSR (nM NADPH oxidized/min/mg tissue) 6.81±0.08
a
 1.63±0.15

c
 5.57±0.15

b
 6.84±0.10

a
 

GST (nM/min/mg protein) 29.76±1.05
a
 11.72±0.44c

 24.96±1.01b
 29.84±0.91a

 

GSH (μM/g tissue) 19.54±0.65
a
 5.45±0.27

c
 14.53±0.41

b
 19.75±0.74

a
 

HO-1 (pmoles bilirubin/mg protein/h) 241.36±6.55
a
 70.15±5.43

c
 147.44±7.77

b
 247.11±9.39

a
 

ROS (μmol/g) 1.09±0.11b
 10.23±0.53

a
 2.15±0.16b

 1.08±0.11b
 

MDA (nmol/g) 0.74±0.04c
 7.33±0.11

a
 1.85±0.06

b
 0.73±0.04

c
 

The values with dissimilar superscripts are notably (P < 0.05) dissimilar from other groups. 

 
Table-3. The effect of PQ and SPS on renal function markers  

The values with dissimilar superscripts are notably (P < 0.05) dissimilar from other groups. 

 

Effects of SPS and PQ on oxidative stress markers 
PQ exposure substantially (P < 0.05) increased ROS 

and MDA contents in PQ treated group as compared to 

the control group. Nonetheless, ROS and MDA levels 

were markedly reduced in the co-treated animals as 

compared to PQ treated group. Moreover, only SPS 

supplemented group showed ROS and MDA contents 

almost similar to the control group (Table 2). 

 

Effects of SPS and PQ on renal markers 
PQ exposure significantly (P < 0.05) increased 

creatinine, urinary proteins, urea, urobilinogen, 

urinary KIM-1 as well as NGAL levels, while a 

significant reduction was observed in albumin and 

creatinine clearance levels. However, the co-

treatment of PQ+SPS showed a remarkable reduction 

in urobilinogen, urinary protein, creatinine, urea, 

KIM-1 and NGAL levels, on the other hand a 

profound increase in albumin and creatinine 

clearance was observed. Moreover, only SPS 

supplemented group showed similar level of these 

markers as in the control group (Table 3). 
  

PARAMETERS 
GROUPS 

Control PQ PQ + SPS SPS 

Urea (mg/dl) 14.65±0.36c
 53.48±0.92

b
 22.70±0.42a

 14.52±0.34c
 

Creatinine (mg/dl) 1.41±0.08c
 6.60±0.15a

 2.52±0.09b
 1.38 0±0.08

c
 

Creatinine Clearance  (mL/min) 1.83±0.06a
 0.52±0.07c

 1.17±0.05b
 1.86±0.07a

 

Albumin (mg/dl) 9.36±0.65a
 3.07±0.08b

 8.04±0.32a
 9.45±0.69a

 

Urobilinogen (mg/dl) 3.99±0.18c
 16.38±0.63a

 6.14±0.42b
 3.95±0.18c

 

Urinary proteins (mg/dl) 2.07±0.19
c
 29.37±0.72

a
 8.35±0.69

b
 2.05±0.21

c
 

Urinary KIM-1 (ng/ml) 0.23±0.10c
 2.63±0.04a

 1.34±0.11b
 0.21±0.09c

 

NGAL (ng/ml) 0.52±0.08c
 3.29±0.13a

 1.32 ± 0.06b
 0.51±0.08c
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Figure-3. Effect of PQ and SPS on a) NF-κB, b) TNF-α, c) IL-1β, d), f) IL-6 level and e) COX-2 activity. Bars are 

rooted on mean ± SEM values. Dissimilar letters on bars are showing considerable 

 

Effects of SPS and PQ on renal inflammatory 

mediators 

PQ exposure noticeably (P < 0.05) increased 

inflammatory indices (NF- κB, IL-1𝛽, TNF-𝛼, IL-6 

and COX-2 activity) as compared to the control 

group. Nevertheless, PQ+SPS co-treatment 

significantly decreased inflammatory indices in 

comparison to the PQ treated group. Moreover, in 

only SPS supplemented animals these markers were 

close to the control group (Figure 3). 

 

Effects of SPS and PQ on renal apoptotic marker 

PQ exposure significantly (p < 0.05) increased 

Caspase-3 and Bax expression in PQ treated group in 

comparison to the control group. Whereas, Bcl-2 

expression was decreased in PQ treated group. 

However, the co-administration of PQ+SPS 

considerably (P < 0.05) decreased Caspase-3 and Bax 

expression, while elevated the Bcl-2 expression as 

compared to PQ treated group. Additionally, in only 

SPS supplemented group these expressions were 

almost similar to the control group (Figure 4). 
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Figure-4. Effect of PQ and SPS on a) Bax, b) Bcl-2 and 

c) Caspase-3 expression. Bars are rooted on mean ± 

SEM values. Dissimilar letters on bars are showing 

considerable (P < 0.05) variation. 

 

Effects of PQ and SPS on renal histology 

PQ exposure induced severe histopathological 

abnormalities such as tubular, interstitial and 

glomerular disruption, damage to Bowman capsule, 

loss of cellular differentiation, inflammatory response 

and tubular necrosis in comparison to the control 

animals. However, PQ+SPS co-administration 

significantly improved the renal histological profile in 

the co-treated group. Moreover, in only SPS 

supplemented group the histological profile of renal 

tissues was almost similar to the control group (Figure 

5). 

 

  

        (A) Control        (B)  PQ group 

 

 

 (C) PQ + SPS group       (D)  SPS group 

Figure-5. Photomicrographs of rat renal tissues. A) 

Control group presenting normal histology. B) PQ 

exposure prompted adverse alterations in renal tissues 

i.e., tubular structural damage, widespread necrosis, 

tubular cell desquamation, dilatation of proximal 

tubules and vacuolization. C) PQ + SPS group 

displayed restored histology of renal tissues. D) SPS 

group showing normal histology almost as in the 

control rats. 

 

Discussion 
 

The present research was formulated to estimate the 

ameliorative role of SPS against PQ-instigated renal 

damage in rats. It was reported that herbicides have 

the potential to induce severe damage in the tissues of 

animals (Mahmood et al., 2021). Paraquat (PQ) is an 

organic herbicide that is often employed in 

agriculture to remove unwanted weeds. PQ is highly 

soluble in water and it poses a substantial risk to 

human health, whether consumed on purpose or by 
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accident. PQ poisoning results in high death rate from 

60% to 70% yearly due to the lack of efficient 

treatment (Amirshahrokhi and Bohlooli, 2013; Nunes 

et al., 2017). PQ damages various organs in humans 

especially it leads to kidney failure. PQ exposure 

causes OS, inflammation, apoptosis, and 

nephrotoxicity (Wei et al., 2014). Nowadays, 

multiple ailments, including renal dysfunction are 

treated with plant based medicinal herbs (Valipour et 

al., 2016). Sciadopitysin (SPS) is a biflavonoid 

reported in Taxus cuspidate and it displays versatile 

pharmacological properties, such as anti-oxidants, 

anti-inflammatory, and neuroprotective (Choi et al., 

2006; Gu et al., 2013; Suh et al., 2018; Suh et al., 

2022). 

PQ exposure decreased Nrf-2 along with anti-oxidant 

genes expression, besides escalated the expression of 

Keap-1. Nrf-2 is a crucial transcription factor that has 

a major role in controlling the oxidative and 

electrophilic stress (Vomund et al., 2017). Generally, 

Keap-1 interacts with Nrf-2, regulates its stability and 

acts as its inhibitor (Pintard et al., 2004). During ROS 

production, Nrf-2 detaches from Keap-1 via some 

structural modifications and moves into the nucleus. 

In the nucleus it interacts with small MAF proteins. 

Then, the heterodimers bind to the anti-oxidant 

responsive elements & instigate the expression of 

cytoprotective genes (Telkoparan-Akillilar et al., 

2019). Nrf-2 performs a vital role in controlling the 

induction of anti-oxidant enzymes (CAT, SOD, GPx, 

GSR and HO-1) (Li and Kong, 2009; Digaleh et al., 

2013; Hawkes et al., 2014). However, under 

excessive ROS production the expression of Keap-1 

increased, while decreasing the expression of Nrf-2 

and anti-oxidant genes (Yang et al., 2022). Therefore, 

lowered Nrf-2 expression consequently reduces the 

expression of antioxidant genes. However, the 

supplementation of SPS escalated the expression of 

Nrf-2 that was further confirmed by the augmented 

expression of anti-oxidant genes (CAT, SOD, GPx, 

GSR and HO-1), on the other hand, it reduced the 

expression of Keap-1. So, it can be stated that SPS 

may be used as a pharmacological candidate to 

regulate Nrf-2/Keap-1 pathway under excessive OS. 

PQ administration lowered anti-oxidant enzymes 

(CAT, GSR, SOD, GST, GPx, HO-1 and GSH) 

activities, while escalating ROS and MDA levels, 

which led to OS and ultimately renal damage. The 

antioxidant enzymes are the first wall of protection 

that lower the production of ROS and safeguard the 

macromolecules (DNA, lipids and proteins) 

(Ighodaro and Akinloye, 2018). Excess free radicals 

can cause tissue damage and have a significant role in 

the development and progression of many diseases 

(Talas et al., 2009). CAT is one of the crucial anti-

oxidant enzymes that is involved in the catabolism of 

H2O2 (Selamoglu, 2014). SOD transforms superoxide 

free radicals into H2O2 and O2 (Ighodaro and 

Akinloye, 2018). GPx reduces OS by scavenging the 

hydrogen peroxide (Safhi, 2018). GST is mostly 

involved in detoxification processes (Allocati et al., 

2018).  GSR maintains the level of GSH that enable 

GPx to retain its continuous action (Ali et al., 2020). 

GSH protects cells from OS by lowering the levels of 

H2O2 and other peroxides (Deponte, 2013). HO-1 is a 

cytoprotective enzyme that shows the ability to break 

down the heme and plays a notable role in the 

regulation of cellular homeostasis (Bai et al., 2017). 

MDA is a detrimental byproduct of lipid peroxidation 

(LP) and its level might reflect the harm caused by 

ROS and LP (Yu et al., 2018). Anti-oxidants are 

responsible for ROS regulation, however excessive 

ROS production in the body overwhelms the anti-

oxidant enzymes, which then results in OS 

(Lushchak, 2014). Our study revealed that SPS + PQ 

treatment improved enzymatic activity; however, the 

contents of ROS and MDA were significantly 

decreased due to its anti-oxidant potential. 

PQ exposure prompted a notable increase in urea, 

urinary protein, creatinine & urobilinogen levels, 

while lowering the levels of albumin protein and 

creatinine clearance. Raised serum levels of 

creatinine are used as biochemical indicator of renal 

injury (Sahu et al., 2020). During muscle metabolism, 

creatine and phosphocreatine are converted into 

creatinine, a non-protein nitrogenous molecule that is 

immediately removed by glomerular filtration 

(Sepulveda, 2019). The secretion of creatinine also 

depends on Glomerular filtration rate (GFR), 

therefore any change that slows glomerular filtration 

causes escalation in serum creatinine level (Padma 

and Sundaram, 2020). Although urobilinogen is not a 

component of urine, but PQ toxicity increases the 

appearance of urobilinogen in urine (Younis et al., 

2018), Our studies strongly endorsed the findings of 

Sharifi-Rigi and Heidarian (2019), who reported that 

GFR was decreased drastically following PQ 

exposure (Gu et al., 2016; Shahzad et al., 2017; 

Sharifi-Rigi and Heidarian, 2019).  Intensive renal 

failure is characterized by elevated urinary creatinine, 

as well as urinary proteins and decreased albumin 

protein and creatinine clearance levels (Khan et al., 
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2010). However, the supplementation of SPS reduced 

creatinine, urobilinogen and urea levels while, 

increasing the levels of albumin protein and 

creatinine clearance that may be due to the improved 

GFR. 

PQ treatment markedly increased urinary KIM-1 and 

NGAL levels. It is reported that KIM-1 and NGAL 

are the two most well-known kidney function 

markers (Lei et al., 2018). In healthy kidney tissue, 

KIM-1 is almost completely absent, nonetheless it is 

observed in the early stages of renal damage (Luo et 

al., 2016). NGAL is the cytosolic protein that is 

released into the urine as well as proximal-distal 

tubule (Mori et al., 2005). Following renal damage, it 

is released in high concentration into the blood and 

eliminated through the urine (Yim, 2015). However, 

the supplementation of SPS in SPS+PQ treated rats 

lowered the levels of urinary KIM-1 & NGAL due to 

its nephroprotective potential. 

According to our findings, PQ treatment increased 

IL-1𝛽, NF-κB, IL-6, TNF-𝛼 levels and COX-2 

activity. Pro-inflammatory cytokines i.e., IL-6, TNF-

𝛼, IL-1𝛽 and COX-2 expression is significantly 

increased by NF-κB activation and that leads to acute 

inflammation and ROS-related damages (Kandemir 

et al., 2018). Additionally, COX-2 is also a 

significant inflammatory mediator that contributes to 

inflammation (Gandhi et al., 2017). Our outcomes 

revealed that COX-2 activity was elevated in the PQ 

administered group, reflecting the inflammatory state. 

However, the co-administration of SPS+PQ resulted 

in a considerable decrease in inflammatory indices 

due to its anti-inflammatory nature. Nile et al. (2018) 

have reported that flavonoids may possess some 

structural characteristics that affect inflammatory 

responses by lowering the levels of inflammatory 

markers (Nile et al., 2018). 

PQ exposure elevated Bax and Caspase-3 expression, 

whereas suppressing the expression of Bcl-2. Proteins 

of Bcl-2 and Caspase families play a key role in 

apoptotic cell death. Bcl-2 is a protein (anti-

apoptotic) that prevents apoptosis. Contrarily, 

apoptotic protein Bax functions as an antagonist and 

has been shown to accelerate cell death (Hou et al., 

2021). An imbalance in Bax and Bcl-2 expression 

leads to an augmented cytochrome C liberation into 

the cytoplasm by changing the permeability of the 

mitochondrial membrane and activates Caspase 3 

(Siddiqui et al., 2015). Caspase-3 is associated to 

cysteine protease family, which is involved in the 

breaking of cellular proteins and leads to apoptotic 

cell death (Lei et al., 2018). However, SPS therapy 

prevented these kidney damages by up surging Bcl-2 

expression, while lowering Bax & Caspase-3, due to 

its anti-apoptotic nature.  

The findings of this research indicated that control 

and SPS supplemented group displayed normal 

histological profile of kidney. Whereas, PQ 

instigated severe histopathological changes in kidney 

of PQ exposed rats. PQ-treated group showed 

considerable damages in the bowman capsule, 

glomeruli, distal and proximal convoluted tubules 

and interstitial disturbance as well as a significant 

loss of cellular differentiation, a prodigious 

inflammatory response and tubular necrosis. These 

outcomes are in line with earlier research showing 

that PQ exposure causes kidney malfunction and 

damage (Damain et al., 1992; Akinloye et al., 2013; 

Gao et al., 2015). However, SPS+PQ co-

administration significantly improved these 

histopathological abnormalities due to its 

renoprotective, anti-oxidant, anti-inflammatory and 

anti-apoptotic properties. 

 
Conclusion 
 
The outcomes of our investigation apprise that PQ 

causes nephrotoxicity in rats by decreasing anti-

oxidant enzymatic activity and increasing the levels 

of OS markers, inflammatory, apoptotic markers and 

histopathological anomalies. However, SPS exhibited 

excellent attenuative effects against all the PQ 

induced renal damages and improved the histological 

architecture of kidney. Thus, it is assumed that SPS 

may have some protective potential to cope with 

renal impairment in human as well as in animals. 
 

Disclaimer: None. 

Conflict of Interest: None. 

Source of Funding: None. 
 

References 
 
Akinloye OA, Abioye OA, Olaojoyetan OE, Awosika 

OT and Akinloye DI, 2013. Dose-dependent effects 

of paraquat on C-reactive protein, some lipid profile 

parameters and histology of tissues in male albino 

rats. Ife J. Sci. 15(1):189-95. 

Ali SS, Ahsan H, Zia MK, Siddiqui T and Khan FH, 

2020. Understanding oxidants and antioxidants: 

classical team with new players. J. Food 

Biochem. 44(3):13145.https://doi.org/10.1111/jfbc.



Muhammad Umar Ijaz et al. 

                                                                11/14  Asian J Agric & Biol. 2023(4). 

13145. 

Allocati N, Masulli M, Di Ilio, C and Federici L, 2018. 

Glutathione transferases: substrates, inihibitors and 

pro-drugs in cancer and neurodegenerative 

diseases. Oncogenesis. 7(1):8. 

Amirshahrokhi K and Bohlooli S, 2013. Effect of 

methylsulfonylmethane on paraquat-induced acute 

lung and liver injury in mice. Inflammation. 

36:1111-21. 

Atashpour S, Jahromi HK, Jahromi ZK and Zarei S, 

2017. Antioxidant effects of aqueous extract of 

Salep on Paraquat-induced rat liver injury. World J. 

Hepatol. 9(4):209–216. 

Baharuddin MR, Sahid IB, Noor MA, Sulaiman N and 

Othman F, 2011. J. Environ. Sci. Health B. 

46(7):600-607. 

https://doi.org/10.1080/03601234.2011.589309. 

Bai K, Huang Q, Zhang J, He J, Zhang L and Wang T, 

2017. Supplemental effects of probiotic Bacillus 

subtilis fmbJ on growth performance, antioxidant 

capacity, and meat quality of broiler 

chickens. Poult. Sci. 96(1):74-82. 

https://doi.org/10.3382/ps/pew246. 

Blanco-Ayala T, Andérica-Romero AC and Pedraza-

Chaverri J, 2014. New insights into antioxidant 

strategies against paraquat toxicity. Free Radic. Res. 

48(6):623–640. 

https://doi.org/10.3109/10715762.2014.899694. 

Cai Y and Li Y, 2020. Protective effect of sciadopitysin 

against isoproternol-induced myocardial infarction 

in rats. Pharmacology. 105(5-6)272-280. 

https://doi.org/10.1159/000504395. 

Carlberg I and Mannervik B, 1975. Purification and 

characterization of the flavoenzyme glutathione 

reductase from rat liver. J. Biol. Chem. 250(14): 

5475-5480. https://doi.org/10.1016/S0021-

9258(19)41206-4. 

Chance B and Maehly A, 1955. Assay of catalase and 

peroxidase. Meth. Enzymol. 2:764–775. 

Choi SK, Oh HM, Lee SK, Jeong DG, Ryu SE, Son KH 

and Kwon BM, 2006. Biflavonoids inhibited 

phosphatase of regenerating liver‐3 (PRL‐3). J. Nat. 

Prod. 20(04):341–346. 

https://doi.org/10.1080/14786410500463312. 

Damain F, Frank B, Win fried H, Hartmut M and Laus 

W, 1992. Failure of radiotherapy to resolve fatal 

lung damage due to paraquat poisoning. Chest. 

100(4):1164-5. 

https://doi.org/10.1378/chest.100.4.1164. 

Dell’Agli M, Galli GV and Bosisio E, 2006. Inhibition 

of cGMP-phosphodiesterase-5 by biflavones of 

Ginkgo biloba. Planta Med. 72(5):468-470.  

Deponte M, 2013. Glutathione catalysis and the reaction 

mechanisms of glutathione-dependent enzymes. 

Biochim. Biophys. Acta. Gen. Sub. 1830(5):3217-

3266. https://doi.org/10.1016/j.bbagen.2012.09.018. 

Digaleh H, Kiaei M and Khodagholi F, 2013.  Nrf2 and 

Nrf1 signaling and ER stress crosstalk: implication 

for proteasomal degradation and autophagy. Cell 

Mol. Life Sci. 70:4681-4694. 

Edori OS, Edori ES and Okpara KE, 2013. Chronic 

toxicity of Paraquat on liver and Gill electrolyte in 

the catfish Clarias gariepinus. J. Environ. Sci. 

Technol. 7(1):1-4. 

Gandhi J, Khera L, Gaur N, Paul C and Kaul R, 2017. 

Role of modulator of inflammation 

cyclooxygenase-2 in gammaherpesvirus mediated 

tumorigenesis. Front. Microbiol. 8:538. 

https://doi.org/10.3389/fmicb.2017.00538. 

Gao L, Yang S, Liu J and Liu L, 2015. Preventive 

effects of 5-hydroxy-1-methylhydantoin on 

paraquat-induced nephrotoxicity in rat. Zhonghua 

Wei Zhong Bing Ji Jiu Yi Xue. 27(4):246-9. 

Gu Q, Li Y, Chen Y, Yao P and Ou T, 2013. 

Sciadopitysin: active component from Taxus 

chinensis for anti-Alzheimer's disease. Nat. Prod. 

Rep. 27(22):2157-2160. 

https://doi.org/10.1080/14786419.2013.790031. 

Gu SY, Yeh TY, Lin SY and Peng FC, 2016. 

Unfractionated bone marrow cells attenuate 

paraquat-induced glomerular injury and acute renal 

failure by modulating the inflammatory 

response. Sci. Rep. 6(1):23287. 

Hamza A, Ijaz MU, Ehsan N, Khan HA, Alkahtani S 

and Atique U, 2023. Hepatoprotective effects of 

astragalin against polystyrene microplastics induced 

hepatic damage in male albino rats by modulating 

Nrf-2/Keap-1 pathway. J. Funct. Foods. 

108:105771. 

Han J, Zhang Z, Yang S, Wang J, Yang X and Tan D, 

2014. Betanin attenuates paraquat-induced liver 

toxicity through a mitochondrial pathway. Food 

Chem. Toxicol. 70:100–

106. https://doi.org/10.1016/j.fct.2014.04.038. 

Hawkes HJK, Karlenius TC and Tonissen KF, 2014. 

Regulation of the human thioredoxin gene promoter 

and its key substrates: a study of functional and 

putative regulatory elements. Biochim. Biophys. 

Acta. Gen. Subj. 1840(1):303-314. 

https://doi.org/10.1016/j.bbagen.2013.09.013. 

Hayashi I, Morishita Y, Imai K, Nakamura M, Nakachi 

K and Hayashi T, 2007. High-throughput 



Muhammad Umar Ijaz et al. 

                                                                12/14  Asian J Agric & Biol. 2023(4). 

spectrophotometric assay of reactive oxygen 

species in serum. Mutat. Res. Genet. Toxicol. 

Environ. Mutagen. 631(1):55-61. 

https://doi.org/10.1016/j.mrgentox.2007.04.006.1 

Hou B, Wang F, Liu T and Wang Z, 2021.  

Reproductive toxicity of polystyrene microplastics: 

In vivo experimental study on testicular toxicity in 

mice. J. Hazard. Mater. 405:124028. 

https://doi.org/10.1016/j.jhazmat.2020.124028. 

Hu X, Shen H, Wang Y and Zhao M, 2017. Liver X 

receptor agonist TO901317 attenuates paraquat-

induced acute lung injury through inhibition of NF-

κB and JNK/p38 MAPK signal pathways. BioMed. 

Res. Int. 2017:4652695.   

https://doi.org/10.1155/2017/4652695. 

Ighodaro OM and Akinloye OA, 2018. First line 

defence antioxidants-superoxide dismutase (SOD), 

catalase (CAT) and glutathione peroxidase (GPX): 

Their fundamental role in the entire antioxidant 

defence grid. Alexandria J. Med. 54(4): 287–293. 

Ijaz MU, Tahir A, Samad A and Anwar H, 2021. 

Nobiletin ameliorates nonylphenol-induced 

testicular damage by improving biochemical, 

steroidogenic, hormonal, spermatogenic, apoptotic 

and histological profile. Hum. Exp. Toxicol. 

40(3):403–416. 

Jollow DJ, Mitchell JR, Zampaglione NA and Gillette 

JR, 1974. Bromobenzene-induced liver necrosis. 

Protective role of glutathione and evidence for 3,4-

bromobenzene oxide as the hepatotoxic metabolite. 

Pharmacology. 11(3): 151-169. 

Kakkar P, Das B and Viswanathan PA, 1984. Modified 

spectrophotometric assay of superoxide dismutase 

Indian. J. Biochem. Biophy. 21:130–132. 

Kandemir FM, Yildirim S, Kucukler S, Caglayan C, 

Mahamadu A and Dortbudak MB, 2018. 

Therapeutic efficacy of zingerone against 

vancomycin-induced oxidative stress, 

inflammation, apoptosis and aquaporin 1 

permeability in rat kidney. Biomed. Pharmacother. 

105:981-91. 

https://doi.org/10.1016/j.biopha.2018.06.048. 

Khan RA, Khan MR, Sahreen S and Bokhari J, 2010. 

Prevention of CCl4-induced nephrotoxicity with 

Sonchus asper in rat. Food Chem. Toxicol. 48(8-

9):2469-2476. 

https://doi.org/10.1016/j.fct.2010.06.016. 

Kheiripour N, Plarak A, Heshmati A, Asl SS, Mehri F, 

Ebadollahi‐Natanzi A, Ranjbar A and Hosseini A, 

2021. Evaluation of the hepatoprotective effects of 

curcumin and nanocurcumin against paraquat‐

induced liver injury in rats: Modulation of oxidative 

stress and Nrf2 pathway. J. Biochem. Mol. Toxicol. 

35(5):22739. https://doi.org/10.1002/jbt.22739. 

Kim SJ, Gil HW, Yang JO, Lee EY and Hong SY, 

2009. The clinical features of acute kidney injury in 

patients with acute paraquat intoxication. Nephrol. 

Dial. Transplant. 24(4):1226-1232. 

https://doi.org/10.1093/ndt/gfn615. 

Kuan CM, Lin ST, Yen TH, Wang YL and Cheng CM, 

2016. Paper-based diagnostic devices for clinical 

paraquat poisoning diagnosis. Biomicrofluidics. 

10(3):034118. https://doi.org/10.1063/1.4953257. 

Kumar S and Pandey AK, 2013. Chemistry and 

biological activities of flavonoids: An overview. 

Sci. World J. 2013:162750. 

https://doi.org/10.1155/2013/162750. 

Lawrence RA and Burk RF, 1976. Glutathione 

peroxidase activity in selenium-deficient rat liver. 

Biochem. Biophys. Res. Commun. 71(4):952–958. 

Lei L, Li LP, Zeng Z, Mu JX, Yang X, Zhou C, Wang 

ZL and  Zhang H, 2018. Value of urinary KIM-1 

and NGAL combined with serum Cys C for 

predicting acute kidney injury secondary to 

decompensated cirrhosis. Sci. Rep. 8(1):7962. 

Li W and Kong N, 2009. Molecular mechanisms of 

Nrf2‐mediated antioxidant response. Mol. 

Carcinog.  48(2):91-104. 

https://doi.org/10.1002/mc.20465. 

Livak KJ and Schmittgen TD, 2001. Analysis of relative 

gene expression data using real-time quantitative 

PCR and the 2
− ΔΔCT

 method. Methods. 25(4):402-

408. https://doi.org/10.1006/meth.2001.1262. 

Luo QH, Chen ML, Chen ZL, Huang C,  Cheng AC, 

Fang J, Tang L and Geng Y, 2016. Evaluation of 

KIM-1 and NGAL as early indicators for 

assessment of gentamycin-induced nephrotoxicity 

in vivo and in vitro. Kidney Blood Press Res. 

41(6):911-918. https://doi.org/10.1159/000452592. 

Lushchak VI, 2014. Free radicals, reactive oxygen 

species, oxidative stress and its 

classification. Chem. Biol. Interact. 224:164–175. 

https://doi.org/10.1016/j.cbi.2014.10.016. 

Magee C, Azuma H, Knoflach A, Denton MD, 

Chandraker A, IYER S, Buelow R and Sayegh M, 

1999. In vitro and in vivo immunomodulatory 

effects of RDP1258, a novel synthetic peptide. J. 

Am. Soc. Nephrol. 10(9):1997-2005. 

Mahmood Y, Ghaffar A and Hussain R, 2021. New 

insights into hemato-biochemical and 

histopathological effects of acetochlor in bighead 

carp (Aristichthys nobilis). Pak Vet. J. 41(4):538-



Muhammad Umar Ijaz et al. 

                                                                13/14  Asian J Agric & Biol. 2023(4). 

544.http://dx.doi.org/10.29261/pakvetj/2021.072. 

Mohamed F, Buckley NA, Jayamanne S, Pickering JW, 

Peake P, Palangasinghe C, Wijerathna T, 

Ratnayake I, Shihana F and Endre ZH, 2015. 

Kidney damage biomarkers detect acute kidney 

injury but only functional markers predict mortality 

after paraquat ingestion. Toxicol. Lett. 237(2):140-

150. https://doi.org/10.1016/j.toxlet.2015.06.008. 

Mori K, Lee HT, Rapoport  D, Drexler IR, Foster K, 

Yang J, Schmidt-Ott, KM, Chen X, Li JY, Weiss S 

and Mishra J, 2005. Endocytic delivery of 

lipocalinsiderophore-iron complex rescues the 

kidney from ischemia-reperfusion injury. J. Clin. 

Investig. 115(3):610–621. 

Nikdad S, Ghasemi H, Khiripour N and Ranjbar A, 

2020. Antioxidative Effects of Nano-curcumin on 

Liver Mitochondria Function in Paraquat-induced 

Oxidative Stress. Res. Mol. Med. 8(1):37-42. 

Nile SH, Keum YS, Nile AS, Jalde SS and Patel RV, 

2018. Antioxidant, anti‐inflammatory, and enzyme 

inhibitory activity of natural plant flavonoids and 

their synthesized derivatives. J. Biochem. Mol. 

Toxicol. 32(1):22002. 

https://doi.org/10.1002/jbt.22002. 

Nunes ME, Müller TE, Braga MM, Fontana BD, 

Quadros VA, Marins A, Rodrigues C, Menezes C, 

Rosemberg DB and Loro VL, 2017. Chronic 

treatment with paraquat induces brain injury, 

changes in antioxidant defenses system, and 

modulates behavioral functions in zebrafish. Mol. 

Neurobiol. 54:3925-3934. 

Ofoego UC, Ekwujuru EU, Nwakamma A, Mbagwu IS 

and Anibeze CIP, 2018. Protective and 

Ameliorating effects of Methanolic seed extract of 

Mucuana pruriens on paraquat induced testicular 

damage. Adv. Life Sci. Technol. 63:8-16. 

Ohkawa H, Ohishi N and Yagi K, 1979. Assay for lipid 

peroxides in animal tissues by thiobarbituric acid 

reaction. Anal. Biochem. 95(2):351-358. 

https://doi.org/10.1016/0003-2697(79)90738-3. 

Padma S and Sundaram PS, 2020. Determining an 

accurate method to estimate GFR in renal transplant 

recipients with stable serum creatinine levels. Iran J. 

Nucl. Med. 28(1):21–27. 

Pintard L, Willems A and Peter M, 2004. Cullin‐based 

ubiquitin ligases: Cul3–BTB complexes join the 

family. EMBO J. 23(8):1681-1687. 

https://doi.org/10.1038/sj.emboj.7600186. 

Raza GA, Ghaffar A, Hussain R, Jamal A, Ahmad Z, 

Mohamed BB and Aljohani AS, 2022. Nuclear and 

Morphological Alterations in Erythrocytes, 

Antioxidant Enzymes, and Genetic Disparities 

Induced by Brackish Water in Mrigal Carp 

(Cirrhinus mrigala). Oxid. Med. Cell. Longev. 

2022. https://doi.org/10.1155/2022/4972622. 

Safhi MM, 2018. Nephroprotective effect of zingerone 

against CCl4-induced renal toxicity in swiss albino 

mice: Molecular mechanism. Oxid. Med. Cell. 

Longev. 2018:2474831. 

https://doi.org/10.1155/2018/2474831. 

Sahu N, Mishra G, Chandra HK, Nirala SK and 

Bhadauria M, 2020. Naringenin mitigates 

antituberculosis drugs induced hepatic and renal 

injury in rats. J. Tradit. Complement. Med. 

10(1):26–35. 

https://doi.org/10.1016/j.jtcme.2019.01.001. 

Selamoglu TZ, 2014. Propolis reduces oxidative stress 

in l-NAMEinduced hypertension rats. Cell 

Biochem. Funct. 32:150–154. 

Sepulveda JL, 2019. Challenges in routine clinical 

chemistry testing analysis of small molecules. In: 

Accurate results in the clinical laboratory. Elsevier. 

101–140. https://doi.org/10.1016/B978-0-12-

813776-5.00009-1. 

Shahzad CM, Mohafez OM, Rasool ST and Nair AB, 

2017. Effect of vitamin C on N, N′-dimethyl-4, 4′-

bipyridinium dichloride-induced hepatic and renal 

toxicity in Swiss albino mice. Trop. J. Pharm. Res. 

16(11):2645–2649.  

Sharifi-Rigi A and Heidarian E, 2019. Protective and 

anti-inflammatory effects of silymarin on paraquat-

induced nephrotoxicity in rats. J. HerbMed. 

Pharmacol. 8(1):28-34. 

Siddiqui WA, Ahad A and Ahsan H, 2015. The mystery 

of BCL2 family: Bcl-2 proteins and apoptosis: an 

update. Arch. Toxicol. 89:289–317. 

Suh KS, Chon S and Choi EM, 2018. The protective 

effects of sciadopitysin against methylglyoxal‐
induced cytotoxicity in cultured pancreatic β‐cells. 

J. Appl. Toxicol. 38(8):1104-1111. 

https://doi.org/10.1002/jat.3620. 

Suh KS, Chon S, Jung WW and Choi EM, 2022. 

Protective effects of sciadopitysin against 

methylglyoxal‐induced degeneration in neuronal 

SK‐N‐MC cells. J. Appl. Toxicol. 42(2):274-284. 

https://doi.org/10.1002/jat.4211. 

Talas ZS, Ozdemir I, Ciftci O, Cakir O, Gulhan MF and 

Pasaoglu OM, 2014. Role of propolis on 

biochemical parameters in kidney and heart tissues 

against L-NAME induced oxidative injury in 

rats. Clin. Exp. Hypertens. 36(7):492-496. 

https://doi.org/10.3109/10641963.2013.863322. 



Muhammad Umar Ijaz et al. 

                                                                14/14  Asian J Agric & Biol. 2023(4). 

Talas ZS, Ozdemir I, Yilmaz I and Gok Y, 2009. 

Antioxidative effects of novel synthetic 

organoselenium compound in rat lung and 

kidney. Ecotoxicol. Environ. Saf. 72(3):916-921. 

https://doi.org/10.1016/j.ecoenv.2007.11.012. 

Telkoparan-Akillilar P, Suzen S and Saso L, 2019. 

Pharmacological applications of Nrf2 inhibitors as 

potential antineoplastic drugs. Int J. Mol Sci. 

20(8):20-25. https://doi.org/10.3390/ijms20082025. 

Valipour P, Heidarian E, Khoshdel A and Gholami-

Arjenaki M, 2016. Protective effects of 

hydroalcoholic extract of Ferulago angulata against 

gentamicininduced nephrotoxicity in rats. Iran J. 

Kidney Dis. 10(4):189-196.  

Vomund S, Schäfer A, Parnham MJ, Brüne B and Von 

Knethen A, 2017.  Nrf2, the master regulator of 

anti-oxidative responses. Int. J. Mol. Sci. 

18(12):2772. https://doi.org/10.3390/ijms18122772. 

Wei T, Tian W, Liu F and Xie G, 2014. Protective 

effects of exogenous β-hydroxybutyrate on 

paraquat toxicity in rat kidney. Biochem. Biophys. 

Res. Commun. 447(4):666–671. 

https://doi.org/10.1016/j.bbrc.2014.04.074. 

Wenbo ZUO, Yannan LI, Hui XUE, Zhang T, Zhang 

Y, Anqi WANG, Yue TENG, Yinghua LUO and 

Chenghao JIN, 2021. Research Progress on 

Biological Activity of Sciadopitysin. Medicinal 

Plant. 12(6):1-3. 

Wu B, Song B, Tian S, Huo S, Cui C, Guo Y and Liu 

H, 2012. Central nervous system damage due to 

acute paraquat poisoning: a neuroimaging study 

with 3.0 T MRI. Neurotoxicology. 33(5):1330–

1337. https://doi.org/10.1016/j.neuro.2012.08.007. 

Wunnapuk K, Liu X, Peake P, Gobe G, Endre Z, Grice 

JE, Roberts MS and Buckley NA, 2013. Renal 

biomarkers predict nephrotoxicity after paraquat. 

Toxicol. Lett. 222(3):280-288. 

https://doi.org/10.1016/j.toxlet.2013.08.003. 

Yang S, Li F, Lu S, Ren L, Bian S, Liu M, Zhao D, 

Wang S and Wang J, 2022. Ginseng root extract 

attenuates inflammation by inhibiting the 

MAPK/NF-κB signaling pathway and activating 

autophagy and p62-Nrf2-Keap1 signaling in vitro 

and in vivo. J. Ethnopharmacol. 283:114739. 

Ye Y, Guo Y, Luo YT and Wang YF, 2012.  Isolation 

and free radical scavenging activities of a novel 

biflavonoid from the shells of Camellia oleifera 

Abel. Fitoterapia. 83(8):1585–1589. 

https://doi.org/10.1016/j.fitote.2012.09.006. 

 

Yim HE, 2015. Neutrophil gelatinase-associated 

lipocalin and kidney diseases. Child Kidney Dis. 

19:79-88. 

Younis T, Rasul A, Jabeen F, Hussain G, Altaf J, Jafri 

L, Rani R, Khan MR, Sarfraz I and Ali M, 2018. 

Ameliorating role of methanolic leaves extract of 

Fraxinus xanthoxyloides against CCl 4-challanged 

nephrotoxicity in rats. Pak J. Pharm. Sci. 

31(4):1475-1484. 

Younis T, Khan MR and Sajid M, 2016. Protective 

effects of Fraxinus xanthoxyloides (wall.) leaves 

against CCl4 induced hepatic toxicity in rat BMC. 

Comp. Alter. Med. 16:407. 

Yu P, Liu Z, Wu D, Chen M, Lv W and Zhao Y, 2018. 

Accumulation of polystyrene microplastics in 

juvenile Eriocheir sinensis and oxidative stress 

effects in the liver. Aquat. Toxicol. 200:28-36. 

https://doi.org/10.1016/j.aquatox.2018.04.015. 

Zeinvand-Lorestani H, Sabzevari O, Setayesh N, Amini 

M, Nili-Ahmadabadi A and Faramarzi MA, 2015. 

Comparative study of in vitro prooxidative 

properties and genotoxicity induced by aflatoxin B1 

and its laccase-mediated detoxification 

products. Chemosphere. 135:1-6. 

https://doi.org/10.1016/j.chemosphere.2015.03.036. 

Zheng F, Gonçalves FM, Abiko Y, Li H, Kumagai Y 

and Aschner M, 2020. Redox toxicology of 

environmental chemicals causing oxidative stress. 

Redox Biol. 34:101475. 

https://doi.org/10.1016/j.redox.2020.101475. 

 

Contribution of Authors 
 

Ijaz MU & Kalsoom A: Planned the study, 

performed the experiments, wrote the first draft, 

read and approved the final manuscript 

Hamza A: Performed the experiment, reviewed 

the literature, read and approved the final 

manuscript 

Ehsan N: Helped in statistical analysis, read and 

approved the final manuscript 


