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Introduction

Heavy metal pollution has been a major 
public health concern in recent decades 
[1]. One of the heavy metals that causes 
poisoning is lead (Pb). Pb enters the body 
via the skin, respiratory tract, and diges-
tive system and can then be carried via the 
bloodstream. The minimum concentration 
of Pb in the blood that is considered Pb 
poisoning internationally is 10 μg/dL. Pb 
binds to erythrocytes, which further accu-
mulates in the brain, liver, and kidney [2]. 
Once Pb interferes with metabolism, Pb 
causes cell and even tissue damage. Pb can 
disturb the oxidant-antioxidant balance and 
subsequently cause oxidative stress [3]. 
Other possible mechanisms underlying Pb 
toxicity involve the interaction with bio-el-
ements, such as DNA, and alterations in 
gene expression [4].

Oxidative stress begins inside the mito-
chondria. Our previous study reported that 
Pb acetate (PbA) exposure lowers superox-
ide dismutase (SOD) and catalase (CAT) 
levels in response to excessive amounts 
of reactive oxygen species [ROS] [5]. In 
addition, Pb2+ lowers glutathione peroxi-
dase (GPx) and glutathione S-transferase 
activities and Pb inhibits the thiol group, 
which results in a lower glutathione (GSH) 
level. These conditions favor lipid perox-
idation, which is characterized by a high 
level of malondialdehyde [MDA] [6, 7]. 
Lipid peroxidation alters membrane integ-
rity-induced cell damage. Prolonged PbA 
administration to mice leads to hepatic 
cell damage and lowers hematologic para-
meters. Moreover, heavy metals behave as 
transcriptional regulators or perform epige-
netic regulation that alters gene expression 
[5]. Under adverse conditions, oxidative 
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Abstract

Background: Lead exposure is a growing concern in recent public health because lead acts as an oxidant, 
causing oxidative stress. In this context, the administration of exogenous antioxidants is imperative. Our pre-
liminary study revealed that Gynura procumbens leaf and root contain phenolics and flavonoids. The current 
study aims to determine the potency of G. procumbens adventitious root (ARGp) in preventing oxidative 
stress caused by lead exposure and the potential as an anti-cancer agent.
Methods: ARGp was induced from leaf explant, propagated inside a bioreactor, and macerated by methanol. 
Balb/C mice were used in an in vivo study and divided into 5 groups, as follows: P1 (distilled water); P2 (Pb 
100 mg/L); P3 (ARGp-100 mg/L + Pb 100 mg/L); P4 (ARGp-200 mg/L + Pb 100 mg/L); and P5 (ARGp-300 
mg/L + Pb 100 mg/L). Hematologic parameters, the level of lipid peroxidation, and GPx-4 antioxidant gene 
expression were subsequently recorded.
Results: Administration of ARGp significantly increased the hematocrit and mean corpuscular volume but 
did not significantly increase the mean corpuscular hemoglobin compared to lead exposure (P2). In con-
trast, ARGp significantly lowered the mean corpuscular hemoglobin concentration (MCHC) and white blood 
count compared to P2. ARGp significantly decreased liver and kidney lipid peroxidation but not in the serum. 
These findings are consistent with the ability of ARGp to enhance endogenous antioxidant gene expression, 
especially GPx-4. Furthermore, ARGp exhibited a cytotoxic effect on the hepatoma (Huh7it) cell line with 
an IC

50
 44.65 mg/L.

Conclusion: ARGp possesses antioxidants by restoring hematologic damage, lowering lipid peroxidation, 
and increasing antioxidant gene expression, as well as anti-cancer activity.
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stress drives inflammation, and inflammation may cause cell 
death or carcinogenesis. Carcinogenicity is associated with 
an inability to repair DNA damage and hinders mutations 
[8]. In such a case, an antioxidant booster that compromises 
oxidative stress induced by Pb is needed.

Gynura procumbens, a tropical plant from the Asteraceae 
family, has well-documented antioxidant activity. The 
leaves of G. procumbens contain phenolics and have been 
reported to be hepatoprotective against cadmium (Cd) tox-
icity, while also suppressing proliferation of hepatomas [9, 
10]. However, antioxidant activity depends on the organ. The 
roots of G. procumbens has the highest antioxidant activity, 
followed by the leaves and stems [11, 12]. However, the use 
of roots is destructive to the mother plant. Of note, rapid 
propagation can be achieved in vitro through plant tissue cul-
ture. Adventitious root in vitro cultures have the antioxidant 
potency of root ex vitro [13]. We concluded that the anti-
oxidant activity of G. procumbens adventitious root could 
prevent oxidative stress induced by Cd in mice [14].

The current study aimed to unravel the potency of G. pro-
cumbens to ameliorate lead toxicity. A hematologic analysis 
was performed to assess antioxidant intervention in the first 
part of Pb poisoning. Subsequently, the lipid peroxidation 
levels in blood, liver, and kidney, as well as expression of the 
endogenous antioxidant, GPx-4, were evaluated to verify tis-
sue damage amelioration. The toxicity effect on a hepatoma 
cell line was also observed. This is the first report to demon
strate harnessing the stress oxidative-inflammation-indirect 
malignancy axis using G. procumbens adventitious root-
derived in vitro culture.

Materials and methods

Materials

The following materials were used in the current study: 
G. procumbens leaf (Surabaya, East Java, Indonesia); 
Murashige and Skoog (MS) medium (Merck, Darmstadt, 
Germany); indole butyric acid (IBA) hormone (Merck, 
Darmstadt, Germany); BALB/c mice (Faculty of Pharmacy 
Universitas Airlangga, Surabaya, East Java, Indonesia); an 
MDA TBARS kit (BioAssay Systems, Florida, USA), an SV 
total RNA isolation system (Promega, Madison, Wisconsin, 
United States), forward and reverse β-actin and GPx-4 
primers (Macrogen, Singapore); 2,5-diphenyl-2H-tetra-
zolium bromide (MTT) reagent (Thermo Fisher, USA); and 
Dulbecco’s Modified Eagle Medium (DMEM, Macrogen, 
Singapore).

Instruments

The following instruments were used in the current study: 
balloon type bubble bioreactor (BTBB); ABX Micros 60 
(Horiba, Japan); ABX Pentra 400 hematology analyzer 
(Horiba, Japan); Eppendorf micropipette (micropipette 
(Eppendorf, USA)); centrifuge Eppendorf 5424R (USA); 

microplate reader (Multiskan Go, Thermo Scientific, USA); 
qRT-PCR (MyGo Pro, UK); and μDrop (Thermo Scientific, 
USA).

Production and extraction of 
G. procumbens adventitious root
Production of G. procumbens adventitious root was per-
formed as described in our previous study [13]. Leaf explant 
was induced to grow adventitious root under solid MS 
medium supplemented with 5 mg/L of IBA. The obtained 
inoculum was further cultured in BTBB in the liquid MS 
medium with 5 mg/L of IBA. Adventitious root was har-
vested after a 28-d incubation. The dried adventitious root 
was macerated by methanol at a 1:10 ratio in triplicate. The 
yield was concentrated in a rotary evaporator (200 mbar; 
45°C) until a thick extract was obtained. G. procumbens 
adventitious root (ARGp) extract was kept in a refrigerator 
to prevent desiccation.

In vivo study design

An in vivo study was conducted using 8–10-week-old 
male mice (Mus musculus, strain BALB/c). The mice were 
obtained from the Faculty of Pharmacy at the Universitas 
Airlangga (Surabaya, Indonesia). The use of all mice was 
under ethical clearance (certificate no. 2. KE. 151.07.2019) 
issued by the Faculty of Veterinary Ethics Committee 
(Universitas Airlangga). Mice were randomly grouped into 
5 treatment groups as follows: P1, 0.25 mL of distilled water 
(control); P2, 0.25 mL of Pb (100 mg/L); P3, 0.25 mL of 
ARGp (100 mg/L) and 0.25 mL of Pb (100 mg/L); P4, 0.25 
mL of ARGp (200 mg/L) and 0.25 mL of Pb (100 mg/L); 
and P5, 0.25 mL of ARGp (300 mg/L) and 0.25 mL of Pb 
(100 mg/L).

The mice were administered ARGp orally, followed by 
lead. Oral administration was performed to ensure that the 
entire treatment solution entered the test animals and was 
absorbed in the digestive system. The entry of Pb into the 
digestive system causes competition between Ca, Fe, P, and K 
ions on the carrier protein binding side of the mucosal diges-
tive tract [4, 15]. All treatments were performed in 1 month. 
Mice were sacrificed using xylazine. Blood was obtained by 
intracardiac puncture and prepared for further analysis. The 
liver and kidneys were also obtained for analysis.

Hematologic analysis

Analysis of hematologic parameters was performed as 
described by Sugiharto et al. [16]. The hematologic para-
meters included hematocrit (HCT), mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), and white 
blood cell (WBC) count. Measurements were performed 
using an ABX Micros 60 Hematology analyzer by a spec-
trophotometric method with ABX Minidil LMG (2.1 mL) 
and ABX Minilyse LMG (alphalize, 0.52 mL) reagents.
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Lipid peroxidation analysis

The MDA level was quantified using a TBARS kit. Serial 
dilutions of the MDA standard were made into 30, 18, 9, and 
0 μM. Samples sources included serum, liver, and kidney 
homogenates. The serum was added tp 10% trichloroacetic 
acid (TCA), centrifugated for 5 min at 14,000 rpm [8765 g 
(radius rotor = 4 cm)], and the supernatant was obtained.

To perform the colorimetric assay, 200 μL of TBA rea-
gent was added to each sample and standard. The samples 
were homogenized and incubated at 100°C for 1 h to await 
a color change. The samples and standard were transferred 
into wells and the absorbance was read at a 535-nm wave-
length. TBARS was calculated as follows:

	

sample blank
1[TBARS] n ( M MDA equivalents)

Slope ( M)

R R
−

−
= × µ

µ �

Gene expression analysis

Gene expression analysis was performed on the hepatic 
GPx-4 gene. Isolation of mRNA was performed according 
to the spin protocol (Promega). The concentration of mRNA 
was quantified using μDrop, while agarose gel electropho-
resis was performed to assess mRNA quality. mRNA (1 μg) 
was prepared for cDNA synthesis using reverse transcriptase 
according to the manufacturer’s instructions (Promega).

qRT-PCR analysis of GPx-4 was performed according 
to the SYBR green method. Forward and reverse prim-
ers were obtained from Macrogen with the following 
sequences: 5’–TAAGAACGGCTGCGTGGT – 3’; and 5’ – 
GTAGGGGCACACACTTGTAGG – 3’ β-actin was used as 
the reference gene. GPx-4 expression was calculated using 
the comparative ΔΔCt method.

Toxicity analysis in the Huh7it cell 
line
The toxicity assay was performed as described by Sugiharto 
et al. [10] using the hepatoma cell line (Huh7it). The cells 
were purchased from the Laboratory of Natural Product 
Medicine Research Development (Phytochemistry and 
Antiviral Assay, Institute of Tropical Disease, Universitas 
Airlangga). Huh7it cells (2.3 × 104 cells/well) were cul-
tured in a 96-well plate containing DMEM medium and 
incubated inside an incubator at 37°C in 5% CO

2
 overnight. 

Each group was further treated with various concentrations 
of ARGp (0, 6, 12, 25, 50, 100, 250, and 500 μg/mL) for 48 
h. The MTT assay was performed to assess the percentage 
(%) of cell viability. Absorbance was read at 560 and 750 
nm. The relative viability of treated cells compared to con-
trol cells (non-treated) was expressed as a % of cell viabil-
ity. The % of cell viability was calculated according to the 
following formula:

	

( )
( )

560 750

560 750

Abs Abs  treated cell
% cell viability 100%

Abs Abs  untreated cell

−
= ×

−
�

The IC
50

 value of extract toxicity was obtained from loga-
rithmic regression of the % of cell viability data. The acqui-
sition of this IC

50
 value is determined as the best concentra-

tion of ARGp to avert malignancy.

Statistical analysis

All data are displayed as the mean ± SD and statistically ana-
lyzed by GraphPad Prism. Normality and homogeneity data 
were first performed. Further analysis of variance and post 
hoc analysis were performed following the data distribution. 
Pearson analysis was used to assess the correlation between 
parameters. The data with a P < 0.05 were considered statis-
tically significant.

Results and discussion

ARGp countered the alteration of 
hematologic parameters upon Pb 
poisoning

Pb poisoning impairs the hematopoietic system, which can be 
confirmed by alterations of several hematologic parameters 
[17, 18]. Administration of Pb (100 mg/L) significantly (P 
< 0.0001–0.01) reduced the HCT, MCV, and MCH, and 
increased the MCHC and WBC count compared to control 
(P1; Figure 1). Pb initially causes membrane fragility and 
degradation of ribonucleic acid in erythrocytes, which fur-
ther alters morphology and shortens the life span [17]. The 
HCT and MCV levels in the P2 treatment group were the 
lowest. With respect to oxygen transport, Pb disturbs heme 
synthesis through inhibition of three key enzymes (δ-ami-
nolevulinic acid dehydratase [ALAD], aminolevulinic acid 
synthetase [ALAS], and ferrochelatase). However, ALAD is 
more profound because heme synthesis does not decrease 
until 80%–90% of ALAD is suppressed [17]. Following 
adverse conditions, the level of MCH was decreased, while 
MCHC was increased (Figure 1). This finding is intuitive 
because the majority of Pb are bound in hemoglobin rather 
than erythrocyte membrane [4]. A recent study was corre-
lated with our previous report in which Pb (50 and 100 mg/L) 
lowered the erythrocyte count and hemoglobin concentration 
[16]. The result of the above process is hypochromic micro-
cytic or sideroblastic anemia [19].

Furthermore, Pb poisoning modulates immune-mediated 
cell destruction [18]. This was confirmed by an increase in 
the WBC count (15.93 ± 0.51 103/mm3). A metal-induced 
type IV delayed-hypersensitivity reaction occurred due to 
T cell activation. Prolonged sensitization drives inflam-
mation and cellular damage. Dose-dependent Pb exposure 
improves the number of lymphocytes, monocytes, and gran-
ulocytes [16].

Pb is a source of oxidants by which antioxidants scavenge 
Pb to lower hematologic damage. The administration of all 
doses of ARGp (P3, P4, and P5) significantly (P < 0.0001) 
increased the HCT compared to Pb (100 mg/L) treatment. 
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HPLC analysis revealed that G. procumbens adventitious 
root contains phenolic and flavonoid compounds [13]. 
Phenolics protect erythrocytes from membrane peroxida-
tion. Alvarez-Suarez et al. [20] reported that phenolics from 
monofloral honey reduce membrane damage of erythrocytes 
upon AAPH exposure.

It is known that heavy exposure to Pb impairs heme 
synthesis. They are taken up by iron machinery and block 
iron through competitive inhibition [21]. Treatment of 
natural products may restore heme synthesis. Recently, 
ARGp was shown to improve the synthesis of heme. As a 
result, the MCV and MCH levels increased. Even, the MCV 
of P3 (44.75 ± 0.50 fL) and P5 (45.25 ± 0.50 fL) nearly 
reached the MCV level of the control cohort (P1 = 48.50 ± 
1.29 fL). This ability is presumably correlated with polysac-
charides found in G. procumbens [22]. Polysaccharides from 
Angelica sinensis improve hematopoiesis by increasing the 
iron serum level, regulating iron homeostasis, and increasing 
secretion of hematopoietic growth factors [23, 24].

It was previously shown that lead poisoning drives 
inflammation. Inflammation recruits cell-mediated immune 
responses, which is destructive rather than beneficial. ARGp 
also compromises sensitization of metal by reducing the num-
ber of leukocytes. The number of WBCs after treatment with 
100, 200, and 300 mg/L ARGp was 7.53 ± 0.87  103/mm3, 

9.85 ± 0.45 103/mm3, and 8.75 ± 0.88 103/mm3, respectively. 
Those were significant (P < 0.0001) compared to 100 mg/L of 
Pb (15.93 ± 0.51 103/mm3). Once again, polyphenols contrib-
ute to lower sensitization by reducing proinflammatory medi-
ators and immunosuppression. These compounds also inhibit 
CCL2, which is responsible for leukocyte recruitment [25].

ARGp slows lipid peroxidation in 
organs affected by Pb
Upon entering the bloodstream, 99% of Pb is bounded by 
erythrocytes and 1% is retained in the plasma. Pb further 
interacts with the erythrocyte membrane and causes lipid 
peroxidation of the membrane [26]. The level of lipid per-
oxidation is proportional to the increase in the MDA level 
within cells or tissues because ROS decrease polyunsaturated 
fatty acids and form reactive MDA, causing stress within the 
cell and forming covalent bonds with proteins referred to as 
advanced lipoxidation end-products (ALEs). The production 
of these aldehydes can be used as biomarkers to measure the 
level of oxidative stress in an organism [27, 28]. The MDA 
level of blood serum was significantly (P < 0.05) increased 
upon exposure to 100 mg/L of Pb (P2) over the control nor-
mal (P1). However, treatment of all ARGp doses caused a 

Figure 1  Effect G. procumbens adventitious root (ARGp) extract on hematologic parameters. HCT: hematocrit; MCV: mean corpuscular 
volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; WBC: white blood cell; P1 = control; 
P2 = Pb-100 mg/L; P3 = ARGp-100 mg/L + Pb-100 mg/L; P4 = ARGp-200 mg/L + Pb-100 mg/L; P5 = ARGp-300 mg/L + Pb-100 mg/L. 
Statistical analysis was performed using one-way ANOVA, the Tukey test, and Duncan test. The asterisk shows significant differences 
(P < 0.05). P ≥ 0.05 = ns (not significant), P: 0.01–0.05 = * (significant), P: 0.001–0.01 = ** (very significant), P < 0.001 = *** (very significant).
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decrement in the MDA level that was not significant com-
pared to P2 (Figure 2A). A study by Shafiq-ur-Rehman [26] 
reported that a moderate dose of Pb (0.5–5 μM) degraded 
both the inner (amino-containing phosphatidyl serine) and 
outer (amino-containing phosphatidylcholine) cytoplasmic 
layer of erythrocytes, which makes erythrocytes highly vul-
nerable to Pb poisoning.

In addition to hematopoietic tissue, Pb induces oxidative 
stress associated with membrane peroxidation in other tis-
sues, including the liver, kidneys, testes, heart, and brain. 
The liver accumulates more Pb than other tissues (33%), 
followed by the kidney [29]. The concentration of MDA 
in the liver was higher (26.15 ± 1.50 μM) than the kidneys 
(6.63 ± 0.99 μM). The liver and kidneys data were signifi-
cantly different compared to P1 (P < 0.0001). The profound 
mechanism underlying Pb poisoning is causing oxidative 
stress where antioxidants behave as an antidote and a chela-
tor to combat oxidative stress [30]. The high level of MDA 
was compromised by administration of ARGp at all doses 
(Figure 2B and 2C). Our previous report demonstrated that 
G. procumbens leaves lower the MDA level in mice with Cd 
poisoning. This antioxidant activity was consistent with the 
total phenolic and flavonoid content. Moreover, a hepatopro-
tective effect was also shown [9].

An adverse effect of Pb exposure is structural damage 
to the kidney and alterations in the excretory system [4]. 
This finding was supported by the increased MDA level in 
P2 according to a recent study. Treatment with ARGp (300 
mg/L) exhibited a significant decrease in the MDA level in 
the kidneys. The current evidence is associated with querce-
tin content in G. procumbens. Quercetin increases GPx and 
decreases MDA in nephrectomy-induced oxidative stress. 
Moreover, quercetin improves endogenous antioxidant gene 
expression in rats with chronic kidney disease [31].

ARGp improved GPX-4 expression

Oxidative stress-derived heavy metals are characterized by 
redox imbalance between oxidant and endogenous antioxi-
dant enzymes. Indeed, the liver is one of the affected organs. 
Our study showed high marker hepatic cells and aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) 
levels upon Cd exposure [14]. Excessive production of ROS 
initiates oxidative stress. First, metal produces ROS via the 
Fenton and/or Haber–Weiss reactions. Inside mitochondria, 
NADPH oxidation results in superoxide (O

2
•−), which is con-

verted into hydrogen peroxide (H
2
O

2
) by SOD. The H

2
O

2
 is 

further transformed into H
2
O by CAT and GPx. However, all 

three antioxidant enzymes are suppressed by metal [32]. As 
indicated in the current findings, exposure to 100 mg/L of 
Pb caused a decrease in GPx-4 expression (0.36 ± 0.16-fold) 
compared to control (1.00 ± 0.00-fold). Sugiharto et al. [14] 
reported an alteration of SOD1 and CAT expression upon 
exposure to 100 mg/L of Cd. This finding also influenced 
a decrease in SOD and CAT levels within serum and liver 
homogenates. The number of antioxidant enzymes is not suf-
ficient to scavenge excessive ROS.

Administration of exogenous antioxidants can help 
antioxidant enzymes neutralize ROS. The G. procumbens 
adventitious root antioxidant was confirmed based on 

Figure 2  G. procumbens adventitious root (ARGp) decreased MDA in serum (A), liver (B), and kidney (C) homogenates. P1 = control; P2 
= Pb-100 mg/L; P3 = ARGp-100 mg/L + Pb-100 mg/L; P4 = ARGp-200 mg/L + Pb-100 mg/L; P5 = ARGp-300 mg/L + Pb-100 mg/L. Statistical 
analysis was performed using one-way ANOVA, the Tukey test, and Duncan test. The asterisk shows significant differences (P < 0.05). 
P ≥ 0.05 = ns (not significant), P: 0.01–0.05 = * (significant), P: 0.001–0.01 = ** (very significant), P < 0.001 = *** (very significant).

Figure 3  Gynura procumbens adventitious root (ARGp) increased 
expression of GPx4. P1 = control; P2 = Pb-100 mg/L; P3 = ARGp-100 
mg/L + Pb-100 mg/L; P4 = ARGp-200 mg/L + Pb-100 mg/L; P5 = 
ARGp-300 mg/L + Pb-100 mg/L. Statistical analysis was performed 
using one-way ANOVA, the Tukey test, and Duncan test. The asterisk 
shows significant differences (P < 0.05). P ≥ 0.05 = ns (not signifi-
cant), P: 0.01–0.05 = * (significant), P: 0.001–0.01 = ** (very signifi-
cant), P < 0.001 = *** (very significant).
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total phenolic content (120.24 ± 2.81 mg/g of DW gallic 
acid), total flavonoid content (289.44 ± 6.94 mg/g of DW 
quercetin and 1148.15 ± 23.13 mg/g of DW kaempferol), 
and 2,2-diphenyl-1-picrylhydrazyl or DPPH assay [IC

50
 = 

148.0 μg/mL] [13]. HPLC analysis confirmed that ARGp 
contains polyphenols from flavonoids subgroup [quercetin, 
catechin, and kaempferol] [13]. These bioactive compounds 
are believed to mediate high expression of the GPx-4 liver 
gene in ARGp [100 mg/L] (P3) compared to Pb treatment 
[P2] (P < 0.0001). This result is consistent with increased 
expression of SOD1 and CAT in mice exposed to 100 mg/L 
of Cd upon treatment with 100 mg/L of ARGp [14]. This 
effect was one of the hepatoprotective effects of G. procum-
bens in addition to maintaining normal hepatic cells during 
PbA poisoning [5]. The current result is indeed interesting 
because a dose-dependent manner is opposed. There are two 
possible reasons underlying this result. A drug, as a xenobi-
otic, can pose harm to cells in excessive amounts, triggering 
detoxification processes. Xenobiotic metabolism involves 
three primary stages (absorption, metabolism, and excre-
tion). Among these stages, metabolism is particularly criti-
cal. Enzymes, such as cytochrome CYP2C9, CYP2C19, and 
CYP2D6, have a pivotal role in this phase, catalyzing oxi-
dation reactions that enhance drug solubility and facilitating 
elimination from the body [31, 33]. Zhou et al. [34] reported 
that administration of Ginko biloba at a low concentration 
inhibits CYP isoforms but a high dose induces CTP iso-
forms by increasing mRNA expression. Furthermore, drugs 
may share the same ligand structure and undergo competi-
tion with the binding site of the respective enzyme [35, 36].

Pearson analysis was performed to assess the correla-
tion among the obtained parameters, such as between the 

MDA level and GPx4 expression. All correlations of GPx4 
expression and the amount of MDA in blood, liver, and 
kidneys were negative. There was a significant strong neg-
ative correlation (r = −0.96; P = 0.0001) between GPx4 and 
hepatic MDA. GPx4 expression and blood MDA, as well 
as GPx4 expression and kidney MDA kidney, exhibited a 
moderate correlation but was not significant (Figure  4A 
and 4C). Oxidant-antioxidant balance supports body home-
ostasis. Antioxidant enzymes, such as SOD, CAT, and 
GSH, scavenge ROS. Excessive ROS can be detrimental 
to the membrane, resulting in malondialdehyde. The leak 
of cell membranes increases membrane fluidity and per-
meability. In this case, the number of endogenous antioxi-
dants expressed by normal gene expression, such as GPx4, 
cannot compromise ROS and oxidative stress occurs [37]. 
Prolonged ROS exposure leads to systemic oxidative stress, 
which affects many organs with different damage severity 
[38]. There was a high positive correlation but not significant 
difference between MDA blood and MDA liver (r = 0.552; 
P = 0.305) but the correlation between MDA blood and kid-
ney had little correlation (Figure 4E). However, a signifi-
cant strong positive correlation (r = −0.82; P = 0.118) was 
shown between MDA liver and kidney. This finding indi-
cates that hepatotoxicity caused by oxidants, such as Pb, is 
perpetuated into the kidney [39].

ARGp exhibited a cytotoxicity effect 
against hepatoma cells
It is well-documented that heavy metal toxicity modulates 
cancer progression, especially in the liver and kidney. There 

Figure 4  Pearson correlation displayed a correlation of GPx4 and MDA blood (A), GPx4 and MDA liver (B), GPx4 and MDA kidney (C), 
MDA blood and MDA liver (D), MDA blood and MDA kidney (E), and MDA liver and MDA kidney (F). MDA: malondialdehyde; P < 0.05 
(significant).
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are three major mechanisms contributing to metal carcino-
genesis, oxidative stress, DNA repair failure, and alteration 
of redox-sensitive signal transduction pathways. Oxidative 
stress becomes the most attractive assumption associated 
with the mutagenic effect of metals [32].

The aberrant Fenton and/or Haber–Weiss reactions lead to 
the excessive production of hydroxyl radical (•OH). This type 
of ROS causes DNA damage. DNA repair is also hampered 
by metal. The above-mentioned process drives carcinogen-
esis in the early progression [32]. Interestingly, the amount 
of ROS is decreased upon the last stage of carcinogenesis, 
indicating dual roles of ROS-mediated oxidative stress [32].

Medicinal plants are believed to alternatively prevent oxi-
dative stress and kill cancer cells. Medicinal plants are rich 
in polyphenols that behave as antioxidants in the first phase 
of carcinogenesis but modulate apoptosis in the last phase 
of carcinogenesis. G. procumbens hosts numerous polyphe-
nols, including quercetin and kaempferol [13]. G. procum-
bens polyphenols harm liver malignant cells. Treatment of 
ARGp resulted in low viability of Huh7it (hepatoma) cells in 
a dose-dependent manner after a 48-h incubation (Figure 5). 
The IC

50
 value was 44.65 mg/L, which is a moderate cyto-

toxic agent according to U.S. National Cancer Institute [40]. 
The administration of G. procumbens leaf extract is also toxic 
to Huh7it cells, with an IC

50
 value of 63.83 μg/mL [10]. The 

flavonoids present in G. procumbens are assumed to induce 
intrinsic apoptosis via caspase-3 expression. This assump-
tion is supported by a previous finding in which treatment 
with nano-ASLE containing flavonoids increased apoptosis 
in HeLa cells through the intracellular mitochondrial path-
way, leading to upregulation of caspase-3 expression [41]. 

Quercetin, a polyphenol found abundant in G. procumbens, 
mediated intrinsic apoptosis via modulation of several sig-
naling pathways, such as p53, NF-κB, MAPK, JAK/STAT, 
PI3K/AKT, and Wnt/β-catenin [42]. Quercetin generates 
an intrinsic apoptotic mechanism through the activation of 
caspases 6 and 9 in MCF7, A549, SKOV-3, and A2780 cancer 
cells [43]. In addition, quercetin also drives extrinsic apop-
totic mechanisms in BT474 human breast cancer cells [44].

Conclusion

Pb poisoning causes oxidative stress, as indicated by alter-
ation of hematologic parameters, lipid peroxidation in 
blood, liver, and kidney, as well as decreased expression of 
GPx-4. Administration of ARGp with antioxidant activity 
repaired hematologic damage, reduced the MDA level, and 
improved GPx-4 expression. These findings indicated pre-
vention of stress oxidation. ARGp further exhibited a mod-
erate anti-cancer effect towards the Huh7it cell line with an 
IC

50
 = 44.65 mg/L.
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