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ABSTRACT

Paraquat (PQ) is among the most widely used herbicides in the agriculture sector worldwide and is extremely
noxious to both animals and humans. Paraquat exposure damages various organs in the body, particularly the
liver. Sciadopitysin (SCD), a biflavonoid that is reported in Ginko biloba leaves, shows diverse biological po-
tentials such as antioxidant and anti-inflammatory effects. The primary focus of this research was to estimate the
effects of SCD against PQ-instigated hepatic toxicity in rats. Forty-eight male albino rats were randomly split into
4 groups: control group, PQ (5 mgkg 1) treated group, PQ (5 mgkg ') + SCD (2 mgkg 1) co-treated group and
SCD (2 mgkg ™) only treated group. After 30 days of experimentation, PQ exposure lowered the expression of
Nrf-2 and antioxidants genes, while increasing the expression of Keap-1. The activities of antioxidants, including
heme oxygenase-1 (HO-1), catalase (CAT), superoxide dismutase (SOD), glutathione reductase (GSR), gluta-
thione peroxidase (GPx), and glutathione (GSH) as well as total protein levels, were reduced following PQ
administration. Moreover, malondialdehyde (MDA) and reactive oxygen species (ROS) contents were elevated in
PQ exposed rats. PQ intoxication also increased the expressions of Bax and Caspase-3, while down-regulating Bcl-
2 expressions. Furthermore, PQ exposure induced morphological alterations in the liver. Nevertheless, SCD
treatment reduced all PQ-elicited damages in the liver of rats owing to its free radical scavenging potential.

1. Introduction

According to previous study, PQ-induces pulmonary toxicity,
reproductive toxicity, neurotoxicity and gastrointestinal toxicity, which

Paraquat (PQ) is a potent synthetic herbicide that is extensively used
in agricultural practices to prevent the growth of harmful weeds and
undesirable vegetation (Peiro et al., 2007). PQ poses a substantial risk to
human health due to its chemical characteristics such as high water
solubility and volatility. It is reported that PQ is a hazardous toxicant
due to lack of effective strategies against PQ induced toxicity (Ortiz-ortiz
et al., 2011). PQ poisoning is a major concern in the developing coun-
tries, particularly in Asia. Human exposure to PQ occurs via skin contact,
inhalation, and ingestion, while acute poisoning of PQ leads to death in
three and a half hour. PQ exposure leads to mortality due to failure of
multiple organs. PQ administration culminates in ROS synthesis, which
impairs the normal functioning of biological system in the body (Liu
et al., 2011).

are responsible for more than 50 % of pesticide-related fatality cases
(Peird et al., 2007). Liver diseases and environmental pollutants are
strongly related, which is a grave concern related to human health. The
liver is the primary organ for detoxification as it is involved in meta-
bolism and is a major target of pesticides induced toxicity (Peiro et al.,
2007). PQ induces hepatotoxicity due to over production of reactive
species. PQ exposure induces oxidative stress (OS) in hepatic tissues,
leading to a substantial rise in the levels of liver enzymes and up-
regulation of genes expression that promote apoptosis. PQ exposure
also leads to mitochondrial dysfunction, which causes mitochondrial
membrane swelling in the liver of rats (Han et al., 2014). PQ-instigated
liver damage results in centrilobular cholestasis, apoptosis in hepato-
cytes and macrophagic infiltration in the portal regions. The exposure to
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PQ leads to enlarged portal tracts due to an increase in collagen stroma
and decreased lymphocyte and leukocyte infiltration (Bataller et al.,
2000).

Flavonoids belong to the class of polyphenols that are widely used in
nutraceutical, pharmacological and cosmetic industry. Biflavonoids are
a type of flavonoid dimers, composed of two flavonoid units that are
either similar or non-similar, connected symmetrically or asymmetri-
cally by an alkyl-based linker (DeForest et al., 2014). Sciadopitysin
(SCD) is a biflavonoid that found in the leaves of Ginko biloba and ex-
hibits various therapeutic properties (Li et al., 2019). Hence, the current
experiment was conducted to evaluate the therapeutic effects of SCD on
PQ-instigated hepatotoxicity.

2. Materials and methods
2.1. Chemicals

PQ (CAS NO: 75365-73-0, purity: 98 %) and SCD (CAS NO: 521-34-
6, purity > 95 %) were bought from Sigma-Aldrich (Germany).

2.2. Experimental animals

The experiment was conducted using 48 male albino rats (weighing
200 =+ 20 g). The rats were housed at the research center of University of
Agriculture Faisalabad under standard conditions: temperature main-
tained at 23-26 °C, humidity at 45 + 5 % and provided with unrestricted
access to diet and water. Animals were managed according to the
guidelines of European Union of Animals Care and Experimentation
(14645-48/17-05-2022).

3. Research design

48 Rats were split into four different groups: Control group, PQ (5
mgkg 1) treated group, PQ (5 mgkg 1) + SCD (2 mgkg ') co-treated
groups and SCD (2 mgkg™ 1) only treated group. The doses of PQ and
SCD were selected based on previous studies by Kheiripour et al. (2021)
and El-Aarag et al. (2019), respectively. The doses were administered
via oral gavage. After 30 days of experiment, rats were anesthetized with
60 mgkg ! of ketamine and 6 mgkg ™! of xylazine before decapitation.
Liver was removed and half lobe of liver was homogenized at 11,000 g
for 20 min using cold phosphate-buffered saline (25 mM; pH: 7.4), for
the estimation of different biomarkers, while the other lobe was fixed in
CH30 (10 %) for histomorphological analysis

3.1. Evaluation of anti-oxidant enzymes

CAT activity was measured by using the protocol of Aebi (1984).
SOD activity was measured using the approach demonstrated by Sun
et al. (1988). GSH activity was measured using the methodology as
stated by Sedlak and Lindsay (1968). In order to assess GPx activity the
technique described by Lawrence and Burk (1976) was followed. GSR
activity was calculated by using Factor et al. (1998) technique. GST
activity was evaluated by using the method of Couri and Abdel-Rahman
(1979) while the activity of HO-1 was appraised in compliance with
Magee et al. (1999) technique. MDA level was determined using the
procedure demonstrated by Ohkawa et al. (1979). The level of ROS was
measured by using the protocol of Hayashi et al. (2007).

3.2. RNA isolation and real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

The expressions of antioxidant genes, Nrf-2/Keap-1 along with
apoptotic profile were assessed by qRT-PCR. RNA was isolated with the
help of TRIzol reagent that was converted to cDNA following reverse
transcription. Livak and Schmittgen (2001) strategy was employed to
analyzed the alterations in expressions of these parameters through 2°
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AACT ysing -actin as an internal regulaor. The primer sequences of the

target genes are shown in Table 1, as described earlier by Iljaz et al.
(2022b) and Hamza et al. (2023).

3.3. Statistical analysis

Data were shown as Mean + SE. One-way ANOVA and Tukey’s test
was applied using Minitab software. Significance level was considered as
p < 0.05.

4. Results
4.1. Impact of SCD on Nrf-2/Keap-1 pathway

PQ administration induced a significant (p < 0.05) reduction in the
expressions of Nrf-2 and antioxidant genes, whereas elevating the Keap-
1 expression as compared to the control group. However, co-treatment
with SCD upregulated the expressions Nrf-2 and antioxidant genes,
while downregulating the expression of Keap-1 as compared to PQ
treated group. Furthermore, in rats treated with SCD only the expres-
sions of these parameters were close to those of control group rats
(Figs. 1, 2).

4.2. Impact of SCD on the activities of antioxidant enzymes

PQ inebriation prompted a substantial (p < 0.05) reduction in the
activities of GST, CAT, GSR, SOD, GPx, OH-1 and GSH as well as total
protein level in comparison to the control group. However, supple-
mentation of SCD with PQ substantially improved antioxidant enzymes
activities and total protein level in PQ + SCD administered group as
compared to PQ-exposed rats. Moreover, no remarkable variation was
noted in the values of these parameters in SCD only treated group and
control group (Table 2).

4.3. Impact of SCD on levels of oxidative stress markers

PQ exposure considerably (p < 0.05) increased the levels of MDA and
ROS as compared to control group. However, SCD and PQ treatment
substantially reduced the levels of MDA and ROS in comparison to PQ-
treated rats. Furthermore, the levels of aforementioned markers were
similar in SCD only treated and control group (Table 2).

Table 1
Primers sequences for RT-qPCR.

Gene Primers 5'— 3’ Accession number

Nrf2 Forward: ACCTTGAACACAGATTTCGGTG NM_031789.1
Reverse: TGTGTTCAGTGAAATGCCGGA

Keapl Forward: ACCGAACCTTCAGTTACACACT NM_057152.1
Reverse: ACCACTTTGTGGGCCATGAA

CAT Forward: TGCAGATGTGAAGCGCTTCAA NM_012520.2
Reverse: TGGGAGTTGTACTGGTCCAGAA

SOD Forward: AGGAGAAACTGACAGCTGTGTCT NM_017051.2
Reverse: AAGATAGTAAGCGTGCTCCCAC

GPx Forward: TGCTCATTGAGAATGTCGCGTC NM_030826.4
Reverse: ACCATTCACCTCGCACTTCTCA

GSR Forward: ACCAAGTCCCACATCGAAGTC NM_053906.2
Reverse: ATCACTGGTTATCCCCAGGCT

GST Forward: TCGACATGTATGCAGAAGGAGT NM_031509.2
Reverse: CTAGGTAAACATCAGCCCTGCT

HO-1 Forward: AGGCTTTAAGCTGGTGATGGC NM_012580.2
Reverse: ACGCTTTACGTAGTGCTGTGT

Bax Forward: GCACTAAAGTGCCCGAGCTG NM_017059.2
Reverse: CCAGATGGTGAGTGAGGCAG

Bcl-2 Forward: ACTGAGTACCTGAACCGGCA NM_016993.1
Reverse: CCCAGGTATGCACCCAGAGT

Caspase-3 Forward: GTACAGAGCTGGACTGCGGT NM_012922.2
Reverse: TCAGCATGGCGCAAAGTGAC

p-actin Forward: AGGAGATTACTGCCCTGGCT NM_031144

Reverse: CATTTGCGGTGCACGATGGA
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Fig. 1. Protective effect of SCD on A) Nrf-2 and B) Keap-1 expression. Bars are shown on the basis of mean + SEM. Different superscripts on bars presenting sig-
nificant variation.
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Fig. 2. Protective effect of SCD on A) CAT, B) SOD, C) GPX, D) GSR, E) GST and F) HO-1 expression. Bars are shown on the basis of mean + SEM. Different su-
perscripts on bars presenting significant variation.

4.4. Impact of SCD on hepatic apoptotic markers 3 and Bax, besides decreased the expression of Bcl-2 as compared to the
control group. Nevertheless, SCD + PQ supplementation notably (p <
PQ poisoning led to a notable increase in the expressions of Caspase- 0.05) downregulated the expressions of Caspase-3 and Bax, while
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Table 2
Protective effect of SCD on oxidative stress markers.
PARAMETERS GROUPS
Control PQ PQ + SCD  SCD
CAT (Umg’1 protein) 9.78 + 4.49 + 7.24 + 9.74 +
0.19° 0.15° 0.13° 0.21%
SOD (Umg ™! protein) 8.25 + 3.27 + 7.44 + 8.29 +
0.08° 0.09° 0.27° 0.11°
GPx (Umg ! protein) 23.72 + 5.29 + 15.88 + 23.89 +
1.86° 0.32¢ 1.16° 2.27°
GSR (nM NADPH 6.85 + 1.94 + 5.37 + 6.88 +
oxidized/min/mg 0.13° 0.27¢ 0.17° 0.14%
tissue)

GST (nM/min/mg 36.84 + 12.55 + 28.68 + 36.86 +
protein) 1.02° 1.58° 0.90° 1.182
GSH (uM/g tissue) 19.38 + 4.26 + 15.78 + 19.45 +

1.53% 0.34° 1.92° 1.53°
HO-1(pmoles bilirubin/ 187.31 + 46.29 + 137.52 + 189.64 +
mg protein/h) 6.35% 2.92¢ 4,55° 6.68°
Total Protein (mg g~ ' of 189.55 + 11.76 + 136.93 + 192.45 +
tissue) 3.27° 3.14¢ 2.44° 3.10°
ROS (Umg " tissue) 1.44 + 9.56 + 2.60 + 1.43 +
0.14° 0.26° 0.14° 0.112
MDA (nmol/mg protein) 0.83 &+ 7.98 + 1.77 £ 0.81 +
0.11° 0.53¢ 0.19° 0.10%

Values having different letters are significantly distinct from other groups.

upregulating the expression of Bcl-2 as compared to the PQ administered
group. Additionally, in SCD only administered group these expressions
were comparable to control group (Fig. 3).

5. Discussion

PQ is a prominent synthetic herbicide used in agriculture practices
worldwide for many years. It is known for its ability to undergo redox
cycling, acting quickly and increasing the synthesis of free radicals,
leading to oxidative stress (OS) and cell damage (Asghari et al., 2017).
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PQ exposure can leads to dysfunction of vital organs such as kidney,
brain, heart, and gastrointestinal tract. The liver, being the main site for
xenobiotics transformation, has a higher potential for producing ROS,
and is thus susceptible to toxins damage. Antioxidants can help prevent
health risks resulting from the exposure of pesticides (Ahmadian et al.,
2018). Biflavonoids have effective anti-oxidative properties and can be
used to protect cells from detrimental impacts of these free radicals (Ye
et al., 2012). Sciadopitysin (SCD) is a biflavonoid found in the leaves of
Ginko biloba that displays ROS scavenging capabilities due to its struc-
tural configuration (Li et al., 2019). Therefore, this research was plan-
ned to determine the ameliorative potential of SCD against PQ induced
hepatic impairment by evaluating antioxidants activity, levels of OS
markers, liver serum markers, inflammatory markers, and apoptotic
markers in albino rats.

PQ treatment reduced the expressions of antioxidant genes and Nrf-
2, while increasing the expressions of Keap-1. Vomund et al. (2017)
stated that Nrf-2 plays a key role in the regulation of OS, while Pintard
et al. (2004) explained that Keap-1 acts as the inhibitor of Nrf-2 and
controlling its stability. During ROS production, Nrf-2 separates from its
negative inhibitor, Keap-1, through some physical modifications, moves
into the nucleus, and stimulate the expression of various cellular pro-
teins. Hawkes et al. (2014) reaffirmed that Nrf-2 plays an effective role
in regulating the expression of antioxidant genes. Similarly, Yang et al.
(2022) documented that high OS resulted in decreased Nrf-2 expres-
sions, while increasing the expressions of Keap-1. Consequently,
reduced Nrf-2 expressions leads to lower antioxidant genes expression.
Plant-based flavonoid has potential to increase the activities of antiox-
idant enzymes (Ijaz et al., 2022a). However, SCD administration
elevated the expressions of antioxidant genes and Nrf-2, while lowering
Keap-1 expression. Therefore, it is assumed that SCD has the ability to
regulate the Nrf-2 and Keap-1 expressions.

PQ administration resulted in a notable decrease in the activities of
SOD, GPx, CAT, GSR, GST, OH-1, and GSH, while increasing the con-
centrations of MDA and ROS. These findings align with the study by Latif
and Faheem (2020), who reported that PQ elevates ROS levels while
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Fig. 3. Protective effect of SCD on A) Bax, B) Bcl2, and C) Caspase-3, expressions. Bars are shown on the basis of mean + SEM. Different superscripts on bars

presenting significant variation.
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reducing the activities of antioxidant enzymes. Antioxidant enzymes
serve as a primary defense against harmful free radicals. SOD converts
superoxide ions into HO,, which is generated as a byproduct of
oxidative stress (Kheradmand et al., 2010). CAT facilitates the trans-
formation of Hy0, into HoO and O, (Han et al., 2014). GPx helps in
reducing H»O5 and lipid peroxide levels, working alongside CAT to
mitigate the harmful effects of OH radicals by limiting free radical
production (Gharu, 2022). GSH donates electrons in these reactions,
playing the role of a donor, while GSR maintains GSH activity. HO-1 is
involved in the breakdown of heme and plays a crucial role in cellular
homeostasis (Bai et al., 2017). Reduced antioxidant activities lead to
elevated ROS levels in the body, ultimately causing oxidative stress
(Huang et al., 2016). The excessive production of radicals results in lipid
peroxidation (LP), which disrupts macromolecules such as lipids, DNA,
and proteins. MDA, a marker of LP, is associated with several negative
outcomes, including increased membrane stiffness, osmotic fragility,
and decreased mitochondrial longevity (Aydin et al., 2004). Moreover,
excessive production of free radicals decreases the activities of antioxi-
dant enzymes which ultimately impairs the endogenous cellular defence
system (Ahmad et al.,, 2023). However, supplementation with SCD
restored the biochemical profile and reduced the levels of oxidative
stress indicators due to its antioxidant properties. Additionally, Liu et al.
(2021) demonstrated that the three methoxy groups in the structure of
SCD are responsible for its antioxidant activity.

PQ intoxication upregulated Bax and Caspase-3 while down-
regulating the Bcl-2 expression. Apoptotic indicators are the members of
Bcl-2 family. Bax induces apoptosis, while Bcl-2 prevents apoptosis
(Frenzel et al., 2009). An increase in the expressions of pro-apoptotic
markers (Bax and Caspase-3), while reduction in anti-apoptotic pro-
tein (Bcl-2) results in an alteration in the selectivity of mitochondrial
membrane, which increases cytochrome C liberation into cytosol (Gu
et al., 2017). The increase in cytochrome C causes activation of Caspase-
3, which triggers apoptosis (Cain et al., 2002). Grippa et al. (2015)
reaffirmed that apoptosis can be averted by blocking the activation of
Caspase-3, which is a key molecule in the apoptotic pathway. However,
SCD treatment lowered the expressions of Bax and Caspase-3 whereas
increased the Bcl-2 expression possibly due to its anti-apoptotic
property.

6. Conclusion

The outcomes of this study revealed that PQ administration culmi-
nated in a reduction in the enzymatic activity of antioxidants, increased
the oxidative stress markers and apoptotic markers in the hepatic tis-
sues. Nevertheless, SCD treatment abrogated all these PQ induced
adverse impairments in liver on account of its anti-apoptotic, antioxi-
dant and hepatoprotective nature. So, it may be concluded that SCD can
be used to treat liver damage in humans and animals. However, in this
study, rats are used as animal model, so further clinical trials on humans
are required in the future.
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