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ABSTRACT
Chlorpyrifos (CPF) is a class of toxic compounds which has been widely used in agriculture that can cause multiorgan damage to the liver, kidneys, testes, and nervous system. Currently, most studies on ginseng have
concentrated on the roots and rhizomes, and less research has been conducted on the above-ground parts. Our
laboratory found that ginseng stem and leaf total saponin (GSLS) features strong antioxidant activity. In this
experiment, we selected different concentrations of CPF to induce hippocampal neuronal cell injury model in
mice, conducted a cell survival screening test, and also selected appropriate concentrations of CPF to induce brain
injury model in mice. CCK-8, flow cytometry, Elisa, Hoechst 33258 staining, Annexin V-FITC/PI staining, HE
staining, Morris water maze, and qRT-PCR were adopted for detecting the effects of GSLS treatment on CPFinduced cell viability, mitochondrial membrane potential, reactive oxygen species (ROS) levels, Ca2+ concentration
and GSLS treatment on CPF-induced brain injury and related signaling in mice, respectively. The effects of GSLS
treatment on CPF-induced brain injury and the related signaling pathways in mice were examined. The results
showed that GSLS at 60 μg/ml and 125 μg/ml concentrations elevated the viability of CPF-induced HT22 cells,
increased mitochondrial membrane potential, depleted ROS, decreased Ca2+ concentration, and decreased
apoptosis rate. Meanwhile, GSLS treatment significantly reduced CPF-induced escape latency in mice, elevated
the number of entries into the plateau and effective area, increased the effective area and target quadrant
residence time, as well as improved the pathological damage of mouse hippocampal neurons. The results of
mouse brain sections demonstrated that GSLS treatment significantly increased SOD and CAT activities and
lowered MDA accumulation in CPF-induced mice. qRT-PCR revealed that PTEN mRNA expression was significantly
decreased with PI3K and AKT expression being significantly increased in GSLS-treated CPF-induced mice. Thus, the
obtained results indicate that GSLS can effectively antagonize CPF-induced brain toxicity in mice through
regulating PTEN/PI3K/AKT pathway.

INTRODUCTION
Alzheimer’s disease (AD) and Parkinson’s disease (PD)
represent two frequently seen chronic neurodegenerative
disease, which can influence people globally [1]. In many
neurodegenerative diseases, there is a marked increase in
neuronal loss and consequent changes in the functional
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structure of nerve cells compared with controls, whereas
the mechanisms driving these neurodegenerative
malignancies remain unknown [2, 3]. Recently, as
suggested in several articles, organophosphorus (OP)
pesticides overuse may become a major factor in
neurodegenerative diseases [4–6]. CPF is related to
learning and memory dysfunction, increased anxiety, and
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altered activity and impulsivity [7–9]. Up to the present,
related studies have provided sufficient evidence to show
that there exists a strong link between CPF exposure,
long-term persistent cognitive impairment and increased
risk of neurodegenerative diseases [10, 11].

brain toxicity in mice by assessing their in vitro
antioxidant activity, anti-cellular oxidative stress, and
anti-inflammatory antioxidant activity in mice. [27–29].

Organophosphorus pesticides (OPs) represent the organic
esters that contain phosphorus atoms, among which there
are over 150 kinds. Because of the potent capacity to
resist insects as well as the extensive applications, OPs
have been extensively used worldwide as pesticides
against pests and diseases including dichlorvos and
chlorpyrifos [12]. Chlorpyrifos (CPF) is considered to be
one of the extremely dangerous ones [13]. Chlorpyrifos
(CPF) is widely applied in agriculture, especially in rice
fields [14]. Nevertheless, as the use of CPF increases, so
does the resulting contamination [15]. Because CPF is
extensively used in agriculture, its presence can often be
detected in vegetables and fruits [16]. CPF and its
metabolite chlorpyrifos oxon generate multiple damaging
effects on different organs of the body [17]. Due to the
lipophilic nature of CPF, the nervous system is the major
target of CPF; therefore, it can easily cross and
destabilize the blood-brain barrier (BBB), leading to
interruption of neurotransmission and neurological
dysfunction [18]. As reported in some studies, CPF can
induce neurological injuries though at a low dose,
including blood-brain barrier (BBB) integrity disruption,
dementia, Parkinson’s disease (PD), hyperactivity
disorder and, attention deficit [19]. Besides, CPF
suppresses the activity of acetylcholinesterase through
combining with acetylcholinesterase (AChE) active site,
thereby avoiding acetylcholine (ACh) breakdown within
the nervous system [20]. Therefore, it leads to ACh
deposition within nerve endings and induces persistent
cholinergic receptors stimulation, eventually generating
paralysis and death [21].

Chemicals and reagent kits

The antioxidant enzymes, such as catalase (CAT),
superoxide dismutase (SOD), glutathione reductase (GR)
and glutathione peroxidase (GSH-Px), are changed
within body after CPF intoxication, and thus it has been
proposed that the nerve damage caused by CPF can be
undone by anti-oxidative stress [22, 23]. Ginseng is a
perennial herb of the genus Ginseng in the family Wujia,
and is abundant in northeastern China, Korea, North
Korea and eastern Russia, and is known as the “King of
All Herbs” [24]. Ginseng has been traditionally used to
nourish the vital energy, tranquilize the mind, and
educate the mind [25, 26]. Most of the current studies
have focused on roots and rhizomes, with less research
on aboveground parts. Previous studies in our
laboratory revealed that total stem and leaf saponins of
ginseng possess strong antioxidant activity. As a result,
the present work focused on evaluating how ginseng
stem and leaf total saponins protected CPF-induced
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MATERIALS AND METHODS

CPF (Kaifeng Inspur Chemical Co., Ltd., China) in
dimethyl sulfoxide (DMSO, Beijing Solarbio
Technology Co., Ltd., China) was adopted to prepare
CPF stock solution. Throughout the whole experiment,
the <0.05% DMSO dose was maintained. This work
obtained normal saline in Heilongjiang Colen
Pharmaceutical Co., Ltd. (China) CAT, SOD, MDA and
ACh contents were determined with corresponding
ELISA kits (Beijing Solarbio Technology Co., Ltd.,
China). The mouse anti-host primary antibodies were
used, with IgG being their isotype. The remaining
chemicals were analytically pure bought commercially.
Plant materials
The total ginsenosides were obtained from Jilin
University (Changchun, Jilin, China). Total ginsenoside
is dissolved till the specific final concentration prior to
utilization.
Role of CPF treatment in HT22 cell survival rate
CPF’s cytotoxicity to viability of HT22 cells was
analyzed by the Cell Counting KIT-8 (CCK-8; Saint
Biotech, Shanghai, China). CPF was first diluted with
medium for obtaining diverse target doses in the entire
experiment. Additionally, HT22 cell density was
adjusted with medium to 1 × 106 cells/mL (100 μL/well).
Then, CPF (15, 30, 60, 125, 250, 500 μg/ml) at diverse
doses was added to treat cells within the 96-well plates
for a 3-h period. Afterwards, 100 μL freshly prepared
medium that contained CCK-8 solution (10 μL) was
added into every well to replace the original medium.
Later, HT22 cells were resuspended and incubated for a
30-min period. Absorbance (OD) values in diverse wells
were measured with the Cytation5 imaging plate reader
(Biotek Instrument, USA) at 450 nm. Afterwards, cell
viability following CPF treatments was determined and
represented by that of non-treated HT22 cells by using a
line chart. Median inhibitory concentrations (IC50)
together with associated 95% confidence intervals (CIs)
were acquired by adopting the logit model.
Effect of GSLS on HT22 cells treated with CPF
HT22 cells displaying favorable morphological and
growth conditions were added into the 96-well plates.
When achieving adhesion, non-cytotoxic cells with
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good cell viability were pre-protected with GSLS
(15, 30, 60, 125, 250, 500 μg/ml) for 12 hours. Next,
15 μg/ml CPF was added to treat cells for a 3-h period
within the 96-well plates. After that, CCK-8 solution
(10 μL) was poured into diverse wells, while OD values
were determined with the microplate reader under 37° C
after 2 hours at 450 nm.
Establishment of the AD model
This work acquired SPF male Kunming mice weighing
18-22 g from YISI Experimental Animals Co., Ltd.
(license No. SCXK (Ji) – 2020 - 0001, Jilin, China).
Each experiment was carried out following animal
experimental guidelines released by Jilin Agricultural
University. Our protocols gained approval from
Institutional Animal Care and Use Committee of Jilin
Agricultural University with reference to the AVMA
Guidelines for Euthanasia of Animals: 2013 Edition
(American Veterinary Medical Association) and the 8 th
edition of Guide for the Care and Use of Laboratory
Animals released by the National Academies Press
(Washington, D.C.). This study used male rats because
chronic research finds that males show high sensitivity

and susceptibility to chemical-triggered toxicity effect
compared with females [30]. Mice were divided as 4
groups, respectively, control, CPF, CPF (10mg/kg) +
GSLS (100mg/kg) and CPF (10mg/kg) + GSLS
(200mg/kg). There are 10 mice in each group. The
control mice were administered with saline at an
equivalent amount for two weeks. Mice in model
group were administered with saline at an equivalent
amount for the first week and CPF (10mg/kg/d) in
the second week. The low- and high-dose GSLS
groups were pre-protected at 100 and 200 mg/kg/d for
one week, in combination with CPF (10mg/kg/d) +
GSLS (100mg/kg/d) and CPF (10mg/kg/d) + GSLS
(200mg/kg/d) for the second week respectively. All
modes of administration were intragastric. The dosage
regimen is presented in Figure 1.
Hoechst 33342 staining
Hoechst 33342 is a kind of blue fluorescent dye used to
stain DNA [31]. In this assay, a normal clean coverslip
was taken, soaked in 70% ethanol for 5 min, blow-dried
in a sterile ultra-clean table, and washed thrice with PBS
solution, and then with cell culture solution. Later, the

Figure 1. Methods of animal administration in each group (n=10).
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coverslip was placed in a six-well plate and the cells were
grown overnight, so that the cells reached about 50%80% confluency. After stimulating the cells to apoptosis,
the culture medium was aspirated, 0.5 ml fixative
solution (4% paraformaldehyde) was added to fix for 10
min. Then, the fixative was removed and rinsed by PBS
for 3 min twice to aspirate liquid under manual shaking
several times. Then, cells were stained with Hoechst
33258 solution (0.5 ml, 5 mg/L) for a 5-min period under
manual shaking several times. After washing twice with
PBS for 3 min each, anti-fluorescence quenching
blocking solution (one drop) was placed on the slide and
covered with a coverslip with cells attached to it, so as to
avoid air bubbles as much as possible. Finally, cells were
dried at room temperature and observed with the
fluorescent microscope, followed by photographing.
Annexin V-FITC/PI staining
Annexin V-FITC/PI staining can be applied in detecting
early apoptosis and distinguish it from necrosis or late
apoptosis [32]. After digestion, this work harvested
HT22 cells into the 10 ml centrifuge tube with 1×106/mL
of cells per sample. Then, the cells were subject to
5-min centrifugation at 500~1000r/min, followed by
elimination of medium. After washing by an incubation
buffer once, cells were subject to 5-min centrifugation at
500~1000r/min. The cells were resuspended with 100ul
of labeling solution. Meanwhile, this work added
Annexin V-FITC (5μl) as well as PI (5μl) solution. After
adding fluorescent (SA-FLOUS) solution, cells were
subject to 20-min incubation in dark under 4° C and
shaking from time to time. The results were detected by
flow cytometry.
Reactive oxygen species (ROS) measurement
ROS contents were determined by fluorescent staining
imaging. HT22 cells (1×105/well) were inoculated in the
6-well culture plates, followed by 8-h culture to the
stably adherent status. Thereafter, CPF and CPF+GSLS
were added to treat cells for a 24-h period, respectively,
in line with specific protocols. The ROS probe
2,7-dichlorofluorescein diacetate (DCFH-DA) was later
added to treat cells for a 30-min period, followed by
rinsing by PBS (2.89 g/L Na2HPO4, 0.8 g/L NaCl,
0.2 g/L KCl, 0.2 g/L KH2PO4, pH 7.4) twice and finally
ROS contents were determined through fluorescence
microscopy (Thermo Fisher Scientific, USA).

(conditioned medium) in plates incubated overnight
with cells was removed and stored at 37° C, 5% CO2.
Cal-630”AM Diluent, the sample was diluted with
medium at 1:1000 to a final concentration of 2 μM.
Later, all wells were introduced with 2 μM in DMSO,
followed by incubation of dye mixture in an incubator
(37° C, 5% CO2) for 60 min. Flow cytometry (FCM)
was conducted to measure fluorescence intensity.
Cellular mitochondrial membrane potential (MMP)
measured by FCM
After inoculation into the 6-well plate at 1×105/well,
cells were subject to resuspension within the medium as
well as later 20-min incubation using JC-1 staining
solution under 37° C. Immediately thereafter, plate
was rinsed by JC-1 dye twice. At last, cells were
resuspended with staining dye (500 μL), followed by
analysis with FCM.
Morris water maze (MWM) test
MWM (Chengdu TME Technology Co., Ltd., Chengdu,
China) was adopted for evaluating the mouse learning
and memory ability according to previous description.
It includes one circular pool and an automatic video
recording and analysis system. First, titanium dioxide
was put into the pool to make it milky white, and the
platform was placed at 2 cm underwater. The head of
each animal was dyed yellow, and put into the pool wall
at 1/2 radian of the quadrant. Mice were guided towards
the platform and trained twice a day if they could not
find the platform within 120 s. The positioning
navigation experiment was conducted on 1-4 days,
while space exploration on the 5th day. All data were
combined as the learning and memory achievements.
HE staining
Histopathological examination was carried out according
to previous description [33]. The dissected brain tissues
were subject to overnight fixation with 4% formaldehyde
under 4° C, paraffin-embedding, and slicing into the
5-pm sections when they were dehydrated and
permeabilized. After xylene deparaffinage, sections
were subject to gradient ethanol rehydration and
HE staining. Hippocampal tissues were examined for
histopathological alterations with the optical microscope
(Olympus Optical Co Ltd; Tokyo, Japan) under the
magnification of 400×.

Ca2+content in cells
Ca2+ contents in cells were determined by Cal-630”AM
(Beijing Baiaolaibo Technology Co., Ltd., China). 2 mL
AD cells (1×105/ well) was added at the bottom of 6well plates overnight. On the day of testing, medium
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Measurement of SOD, MDA and CAT contents
within hippocampal samples
This work conducted SOD assay according to SOD
activity for inhibiting the reduction of nitroblue

AGING

tetrazolium [34]. This work determined CAT
activity according to description of Weydert [35].
Malondialdehyde (MDA) was measured based on the
method of this study [36]. After animal sacrifice, this
work harvested brain tissues, which were processed
by homogenization and 10-min centrifugation at
4000r/min to analyze biochemical parameters. Later,
SOD, MDA and CAT activities were measured by
relevant kits (Beyotime, Shanghai, China) in line with
specific protocols.

GSLS improves the spatial learning and memory
defects in AD mice induced by CPF

Quantitative real-time PCR (qRT-PCR)

Analysis of Hoechst 33258 and Annexin V/PI
staining results

Pro-inflammatory central cytokines were determined
following the administration of CPF, GSLS and
saline gavage at the corresponding time point (24 h
after the last gavage) at which various behavioral
indicators were collected. qRT-PCR, the sensitive
approach to detect the low central cytokine levels, was
applied in the present work for assessing PTEN, PI3K
and AKT expression within the mouse brain. By
adopting the 7500 real-time PCR thermal cycling
system, this work adopted TaqMan™ probe to
measure RNA content with related primers. Brain
tissues dissected in one rat were operated thrice of
every gene, while relative amounts in raw fluorescence
intensity were compared among different treatments.
Table 1 displays target mRNA primers utilized in
RT-PCR (Table 1), with ß-actin being the housekeeping
gene.
Statistical processing
Statistical processing was performed using GraphPad
Prism 8. The significance of difference of diverse
groups was analyzed through adopting Tukey’s test
and one-way ANOVA. Results were represented
by mean±SD. Diverse superscript letters indicated
statistical significance (P<0.05).

RESULTS
Role of CPF treatment in HT22 cell viability
CPF has been suggested with serious toxicity to animals.
As a result, CCK-8 assay was conducted to analyze the
role of CPF treatment in viability of HT22 cells.
According to Figure 2A, CPF at diverse doses suppressed
HT22 cell survival. The reduction of decreased viability
might be associated with CPF treatment dosedependently. IC50 of CPF within HT22 cells was 58.29
μg/ml at 3h. According to our analysis results, at the CPF
of 15 μg/ml, CPF-treated HT22 cell viability showed
significant difference compared with control (p<0.05),
consequently this work chosen CPF (15 μg/ml) to be the
cell-modeling dose.
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CCK-8 assay was performed to explore GSLS’
mitigating effect on the CPF-induced decrease in HT22
cell viability (Figure 2B). 15μg/ml CPF dramatically
reduced cell viability (P<0.05). In the subsequent
experiments, the optimal concentration of GSLS found
by the stimulation performed was 125 μg/ml,
corresponding to over 80% viability of HT22 cells.

Apoptosis usually accompanies with nuclear
morphological alterations, including nuclear condensation, chromosomal margin lobulation and
chromatin granulation. Nuclear morphological alterations
were monitored by Hoechst 33258 staining. As shown in
Figure 3A, for model group, nuclei exhibited the
increased fluorescence intensity compared to control
group. The chromatin was concentrated and the nuclei
became smaller. Relative to model group, GSLS exposure
remarkably declined nuclear fluorescence intensity, with
insignificant nuclear apoptotic features, conforming to the
control group. As shown in Annexin V/PI analysis
(Figure 4), model group had apparently more apoptotic
cells (P<0.05) and dramatically decreased viable cells
(P<0.05) relative to control. Relative to model group,
apoptotic cells were significantly reduced (P<0.05), while
viable cells dramatically elevated (P<0.05) after GSLS
treatment. Consequently, CPF promoted HT22 cell
apoptosis, while GSLS protected against CPF-mediated
HT22 cell apoptosis.
GSLS attenuated CPF-mediated oxidative stress (OS)
For evaluating how GSLS prevented the impact of CPF
treatment on HT22 cell OS, the ROS level was detected.
The generation of ROS in HT22 cells was detected using
fluorescence microscope (Figure 3C). DCFH-DA probe
is able to penetrate the cell membrane, finally hydrolyzed
for forming DCFH. ROS contents in cells oxidize DCFH
into fluorescent DCF. Therefore, fluorescence intensity
represents ROS content, and the experimental results are
analyzed by Image J software. Relative to control, CPF
markedly elevated ROS production (P<0.05). Following
GSLS exposure, ROS level decreased significantly, and
fluorescence intensity dramatically decreased compared
with CPF group (P<0.05).
Effect of GSLS treatment on Ca2+ concentration in
HT22 cells exposed to CPF
To evaluate effect of GSLS treatment on Ca2+
homeostasis in HT22 cells exposed to CPF, the Ca2+
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Table 1. Gene-specific primers used in qRT-PCR.
Gene
PTEN
PI3K
AKT
β-actin

Forward sequence (5’ to 3’)
TCCCAGTCAGAGGCGCTATGTA
TGTGGCACAGACTTGGTGTT
CCGCCTGATCAAGTTCTCCT
ATTGTCCACCGCAAATGCTTC

concentration level was measured (Figure 3B). We
detected that whether GSLS could reduce Ca2+ overload
in HT22 cells exposed to CPF by flow cytometry. CPF
exposure markedly reduced peak value of intracellular
Ca2+ relative to control (P<0.05). Compared with
CPF group, intracellular Ca2+ concentration elevated
markedly following GSLS exposure (P<0.05).
GSLS alleviates CPF-mediated cell apoptosis
For illustrating how CPF induced apoptosis, MMP was
analyzed. JC-1 is the indicator for Ψm, which was
adopted in the present work for analyzing mitochondrial
depolarization. According to Figure 5, FCM demonstrated
the role of CPF treatment in markedly reducing red/green
fluorescence ratio, demonstrating the decreased Ψm as
well as mitochondrial depolarization, finally promoting
apoptosis. Nevertheless, compared with GSLS treatment
group, red/green fluorescence ratio markedly returned to
normal level after GSLS treatment. GSLS saved the
transformation of Ψm, which indicated that GSLS
reduced mitochondrial dysfunction, thus inhibiting CPFinduced apoptosis.

Reverse sequence (3’ to 5’)
CCTTTAGCTGGCAGACCACAAAC
TTCTTCCCTTGAGATGTCTCCC
TTCAGATGATCCATGCGGGG
AAATAAAGCCATGCCAATCTCGTC

GSLS enhanced CPF-mediated mouse learning and
memory abilities.
MWM test assessed spatial learning and memory
abilities through ELT and swimming thermal infrared
trajectory. The navigation results (Figure 6A)
demonstrated that relative to control group, CPF group
had apparently longer mouse escape latency (p<0.05).
Relative to model mice, GSLS mice had markedly
reduced mouse escape latency (p<0.05). As revealed by
the results of space exploration (Figure 6B–6E), relative
to control group, times of mice climbing platform,
entering the effective area, the time of staying in the
effective area and in the target quadrant remarkably
decreased among CPF mice (p<0.05). Compared with
model mice, these above four mouse indexes of GSLS
group dramatically improved. On day 5 of space
exploration experiment, the thermal infrared track of
mice in each group (Figure 7B) showed that normal
mice directly swam within target quadrant and found
that hidden underwater platform. Nonetheless, CPF
mice swam aimlessly along pool edge. Following GSLS
exposure, those treated mice found hidden platform

Figure 2. (A) The effect of CPF on viability of HT22 cells. (B) The effect of GSLS treatment on HT22 cells induced by CPF. #p < 0.05, ##p < 0.01,
###p

< 0.001, ####p < 0.0001 vs. control group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. CPF group.
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Figure 3. (A) Hoechst 33342 staining assessment. (B) Detection of intracellular Ca2+ concentration. (C) Detection of reactive oxygen species
(ROS). #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs. control group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. CPF group.
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Figure 4. Annexin V/PI staining results. Flow cytometry was detected the proportion of apoptotic cells after CPF exposure.
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within target quadrant. Of those four treatments, GSLS
high-dose mice had the optimal performance.

hippocampal neurons. GSLS exposure improved
pathological injury, with better improvement in highdose group (Figure 7A).

HE staining analysis
Control mice had larger conical hippocampal neurons,
neatly arranged, with well-defined cytoplasm and nuclei,
whereas those in the CPF group were significantly
reduced, with loosely arranged disorganized cells
and markedly atrophied cytoplasmic lysates. The
histopathological results showed that CPF injured

Effects of GSLS on CAT, MDA and SOD within
mouse brains induced by CPF
In Figure 8, relative to control mice, control group
showed markedly lower CAT, SOD activities (P<0.05).
By contrast, compared with control group, MDA
content of model group increased significantly. Relative

Figure 5. Detection results of mitochondrial potential (ΔΨm). The ΔΨm in each group stained with JC-1 and calculated the
fluorescence by flow cytometry.

www.aging-us.com

8990

AGING

Figure 6. The experimental results of Morris water maze. (A) The escape latency. (B) Number of entries onto the escape platform.
(C) Number of entries into the effective coverage area. (D) Effective coverage area residence time. (E) Target quadrant residence time.
#p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001 vs. control group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. CPF group.
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Figure 7. (A) HE staining of pathological changes in mouse hippocampi (magnification: 400 ×, n = 10 in each group). (B) Thermal infrared
track diagram of mouse moving in Morris water maze.

Figure 8. The effect of CPF and/or GSLS on the antioxidant function. The contents of assay kits of SOD, CAT and MDA have
expressed as the means ± standard deviations (n = 3). #p < 0.05,
**p < 0.01, ***p < 0.001, ****p < 0.0001 vs. CPF group.
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< 0.01,

###p

< 0.001,

####p

< 0.0001 vs. control group; *p < 0.05,
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to model group, GSLS group had markedly increased
CAT, SOD activities of GSLS group, while MDA
content was significantly decreased. It is suggested that
GSLS can promoted CAT and SOD activities while
reducing MDA content of mice induced by CPF.
Effects of GSLS treatment on PTEN/PI3K/AKT
pathway related gene expression in CPF exposed mice
After a week of pre-protection with GSLS, mice were
exposed to CPF for another week. The PTEN/PI3K/
AKT pathway-associated gene levels in mouse brain was
detected by qRT-PCR (Figure 9). Relative to control
mice, PTEN mRNA expression markedly increased
(p<0.05). By contrast, AKT and PI3K mRNA and
protein expression declined with statistical significance
(p<0.05). Therefore, PTEN showed negative effect
on regulating PI3K/AKT pathway. Additionally, PI3K/
AKT expression is positively related to GSLS content,
indicating that CPF suppressed PI3K/AKT pathway
via the activation of PTEN effect (p<0.05), while
GSLS activates PI3K/AKT pathway by inhibiting
PTEN effect.

DISCUSSION
Organophosphorus (OP) compounds have been under
the continuous use in agricultural pest control
worldwide for 50 years, which can be ascribed to their
wide range of uses as insecticides, helminthicides,
nematicides, fungicides, and herbicides, typically, OP
compounds alone account for 38% of the total
pesticides used globally [37]. CPF is the common
organophosphate (OP) insecticide extensively utilized
as an insecticide in agriculture. Nevertheless, its use
indoors and outdoors can cause acute lethal effects and

side effects on animals and humans [38, 39]. The
present work focused on investigating the neurotoxicity
of CPF as well as neuroprotection of GSLS in mice.
According to our results, CPF interfered with
cholinergic transmission through inhibiting AChE
[40]. Acetylcholinesterase is found mainly in the
neuromuscular junction, plasma, liver, and erythrocytes,
and AChE specific catalytic activity reduces ACh
signaling and determines a person’s cholinergic state.
Acetylcholinesterase exerts an important effect on
acetylcholine metabolism, while the dysregulated AChE
generates diverse pathological states [41]. Inhibition of
AChE leads to the accumulation of acetylcholine in the
synapses, which leads to continuous overstimulation of
the nervous system, thus probably leading to the death
of the organism [42]. Different doses of CPF have been
reported to inhibit acetylcholinesterase, causing
acetylcholine accumulation in synaptosomes, thereby
inducing learning and memory dysfunction [43, 44].
Evidently, CPF can inhibit acetylcholinesterase activity
through promoting serine site phosphorylation [45].
The brain biochemical integrity has a critical role in the
proper central nervous system (CNS) functioning. OS is
a factor causing biochemical damage in the brain, which
takes place when there is an overproduction of free
radicals due to an inadequate ability to counteract
antioxidation. Brain consumes the highest oxygen and
shows the highest lipid contents, shows a high
susceptibility to OS [46]. Exposure to toxic elements in
the environment can cause neuronal damage and
cognitive deficits [47]. MDA represents a lipid
peroxidation by-product, which is adopted to be the OS
marker [48]. In this study, redox homeostasis was
disturbed in mice after chronic CPF treatment, as
evidenced by the increased MDA contents.

Figure 9. The mRNA expression levels of indicators in the mitochondrial apoptosis and PTEN/PI3K/AKT pathway under CPF
and/or GSLS treatments in HT22 cells. Values are expressed as the means ± standard deviations (n = 3). #p < 0.05, ##p < 0.01, ###p < 0.001,
####p

< 0.0001 vs. control group; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. CPF group.
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Enzymatic activity alterations are the early biochemical
sign of CPF toxicity [49]. ROS are detrimental to
human health, while CAT and SOD represent two main
antioxidant enzymes resisting ROS [50]. When CPF
accumulates in the body, the scavenging ability of
intracellular antioxidant enzymes is disrupted, which
subsequently causes oxidative stress as well as induces
neurotoxicity in the brain, resulting in brain damage
[51–53]. In the present study, the SOD and CAT
contents in the brains of CPF mice decreased, indicating
that the superoxide anion was not eliminated and that
CPF damaged the nervous system of mice through ROS.
ROS induces apoptosis through multiple pathways,
besides, excessive ROS accumulation leads to
mitochondrial damage, which is mainly characterized by
a decrease in mitochondrial membrane potential and
cellular calcium overload, leading to apoptosis [54–56].
In this study, Annexin V/PI double-staining method was
utilized to investigate CPF’s function in HT22 cell
apoptosis. To further elucidate the apoptotic mechanism,
the mitochondrial membrane potential (MMP) of HT22
cells exposed to CPF was detected by JC-1, and the
mitochondrial membrane potential of HT22 cells
exposed to CPF was found to be decreased significantly.
This is consistent with our speculation that CPF-induced
apoptosis in neuronal cells may occur in the mitochondrial pathway.

level, thereby causing the PTEN/PI3K/AKT pathway
activation and decreasing hydrogen peroxide-induced
apoptosis [65]. Notably, the overproduction of ROS
induces a rise in PTEN expression, which inhibits
PI3K/AKT activation and ultimately leads to apoptosis
[66]. Additionally, the researchers found that OS
modulated PTEN/PI3K/AKT pathway and promoted
cellular toxicological processes [67]. Decreased
PTEN/PI3K/AKT pathway activation is observed
after induction of ROS release from cells [68].
According to our staining and flow cytometry results
in this work, CPF triggered excessive ROS production
in mouse neuronal cells, promoting OS as well as cell
apoptosis, but GSLS treatment significantly attenuated
the CPF-induced cell apoptosis. Based on JC-1
analysis, GSLS abolished CPF-induced MMP loss.
Moreover, according to qRT-PCR results, PTEN
expression increased while PI3K/AKT level was
inhibited in CPF-induced mouse brain tissues, thus
promoting apoptosis and necrosis of neuronal cells,
and GSLS treatment antagonized this process and
thereby attenuated cell apoptosis. To sum up, our
research suggests that GSLS may prevent the process
of CPF-mediated cell apoptosis through downregulating PTEN while promoting PI3K/AKT
pathway, which can also reflect the neuroprotective
effect of GSLS.

CONCLUSIONS
Ginsenosides Rg1, Rb1, Rb2, Rb3 and Rd are present
in the stem and leaves of ginseng as non-medicinal
parts of ginseng, which are similar to ginseng roots
and rhizomes, and have strong pharmacological
activities and bio-exploitation value, as confirmed in
previous studies [57, 58]. It has been pointed out that
total ginseng stem and leaf saponins have strong antimyocardial ischemic, neuroprotective, anti-oxidative
stress, anti-aging and other pharmacological activities
[59, 60]. As suggested by Makeen et al., CPFmediated antioxidant enzyme inactivation in mouse
hippocampal neuronal cells led to oxidative stress in
the organism and increased ROS in vivo [61]. Our
study showed that GSLS significantly attenuated CPFinduced oxidative stress in mouse hippocampal
neuronal cell lines. GSLS administration remarkably
increased SOD and CAT levels, decreased MDA
content, and inhibited ROS levels, thereby attenuating
CPF-mediated OS.
GSLS is recently suggested to mitigate cellular injury
resulting from a variety of factors [62]. PTEN
represents the key factor regulating PI3K/AKT
signaling, and the PTEN/PI3K/AKT pathway can
modulate cellular growth, which also exerts an
important effect on cell injury [63, 64]. It has been
reported that ginsenosides can down-regulate PTEN
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In summary, it is demonstrated in this work that CPF
exposure can trigger apoptosis in mouse hippocampal
neurons by blocking the antioxidant enzyme activity,
which will cause ROS, trigger OS, and enhance
mitochondrial apoptotic pathway. Besides, GSLS
abolishes the above impacts by PTEN/PI3K/AKT
pathway. Moreover, our results provide a certain
foundation for future GSLS treatment of pesticideinduced brain toxicity injury and promotion of animal
health.

AUTHOR CONTRIBUTIONS
The authors declare no competing interests. All the
authors had access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Hongyan Pei and Jinze
Liu conducted the animal study. Liu also contributed
to in vitro cell experiments and data collection.
Jianning Zeng assisted with data analysis and
interpretation of results. Hongwu drafted the
manuscript. He Zhongmei, Chen Weijia and Du Rui
made important revisions to the important academic
content of the manuscript and supervised the research.
All authors approved the final version of the
application.

AGING

CONFLICTS OF INTEREST

https://doi.org/10.1093/toxsci/kfab090
PMID:34289071

The authors declare that there are no conflicts of
interest.

5.

Perez-Fernandez C, Morales-Navas M, Guardia-Escote
L, Colomina MT, Giménez E, Sánchez Santed F.
Pesticides and aging: Preweaning exposure to
Chlorpyrifos induces a general hypomotricity state in
late-adult rats. Neurotoxicology. 2021; 86:69–77.
https://doi.org/10.1016/j.neuro.2021.07.002
PMID:34274376

6.

Sheikh A, Sheikh K. The expression change of glial
fibrillary acidic protein and tyrosine hydroxylase in
substantia nigra of the Wistar rats exposed to
chlorpyrifos: a novel environmental risk factor for
Parkinson’s disease. Exp Brain Res. 2020; 238:2041–51.
https://doi.org/10.1007/s00221-020-05868-x
PMID:32632573

7.

López-Granero C, Ruiz-Muñoz AM, Nieto-Escámez FA,
Colomina MT, Aschner M, Sánchez-Santed F. Chronic
dietary chlorpyrifos causes long-term spatial memory
impairment
and
thigmotaxic
behavior.
Neurotoxicology. 2016; 53:85–92.
https://doi.org/10.1016/j.neuro.2015.12.016
PMID:26748072

8.

Ribeiro-Carvalho A, Lima CS, Dutra-Tavares AC, Nunes
F, Nunes-Freitas AL, Filgueiras CC, Manhães AC, Meyer
A, Abreu-Villaça Y. Mood-related behavioral and
neurochemical alterations in mice exposed to low
chlorpyrifos levels during the brain growth spurt. PLoS
One. 2020; 15:e0239017.
https://doi.org/10.1371/journal.pone.0239017
PMID:33007016

9.

Silva MH. Effects of low-dose chlorpyrifos on
neurobehavior and potential mechanisms: A review of
studies in rodents, zebrafish, and Caenorhabditis
elegans. Birth Defects Res. 2020; 112:445–79.
https://doi.org/10.1002/bdr2.1661 PMID:32115908

ETHICAL STATEMENT
All experiments were conducted under permission from
Jilin Agriculture University Ethics Committee of
Experimental Animals (2016–01-Permit number:
ECLA-JLAU 2016-016) (No.2020 11 18 001).

FUNDING
This work was supported by the Jilin Province
Science and Technology Development Program
(No.20210204001YY), the Jilin Province Education
Department Science and Technology Research Project
(JJKH20210373KJ).

Editorial note
&This

corresponding author has a verified history of
publications using a personal email address for
correspondence.

REFERENCES
1.

2.

Singh N, Lawana V, Luo J, Phong P, Abdalla A,
Palanisamy B, Rokad D, Sarkar S, Jin H, Anantharam V,
Kanthasamy AG, Kanthasamy A. Organophosphate
pesticide chlorpyrifos impairs STAT1 signaling to induce
dopaminergic
neurotoxicity:
Implications
for
mitochondria mediated oxidative stress signaling
events. Neurobiol Dis. 2018; 117:82–113.
https://doi.org/10.1016/j.nbd.2018.05.019
PMID:29859868
Caccamo A, Branca C, Piras IS, Ferreira E, Huentelman
MJ, Liang WS, Readhead B, Dudley JT, Spangenberg EE,
Green KN, Belfiore R, Winslow W, Oddo S. Necroptosis
activation in Alzheimer’s disease. Nat Neurosci. 2017;
20:1236–46.
https://doi.org/10.1038/nn.4608
PMID:28758999

3.

Chi H, Chang HY, Sang TK. Neuronal Cell Death
Mechanisms in Major Neurodegenerative Diseases. Int
J Mol Sci. 2018; 19:3082.
https://doi.org/10.3390/ijms19103082
PMID:30304824

4.

Anderson FL, von Herrmann KM, Young AL,
Havrda MC. Bbc3 Loss Enhances Survival and
Protein Clearance in Neurons Exposed to the
Organophosphate Pesticide Chlorpyrifos. Toxicol Sci.
2021; 183:378–92.

www.aging-us.com

8995

10. Chen XP, Chen WZ, Wang FS, Liu JX. Selective cognitive
impairments are related to selective hippocampus and
prefrontal cortex deficits after prenatal chlorpyrifos
exposure. Brain Res. 2012; 1474:19–28.
https://doi.org/10.1016/j.brainres.2012.07.036
PMID:22842080
11. Dominah GA, McMinimy RA, Kallon S, Kwakye GF.
Acute exposure to chlorpyrifos caused NADPH oxidase
mediated oxidative stress and neurotoxicity in a striatal
cell model of Huntington’s disease. Neurotoxicology.
2017; 60:54–69.
https://doi.org/10.1016/j.neuro.2017.03.004
PMID:28300621
12. Huang X, Cui H, Duan W. Ecotoxicity of chlorpyrifos to
aquatic organisms: A review. Ecotoxicol Environ Saf.
2020; 200:110731.

AGING

https://doi.org/10.1016/j.ecoenv.2020.110731
PMID:32450436
13. Georgieva E, Yancheva V, Stoyanova S, Velcheva I,
Iliev I, Vasileva T, Bivolarski V, Petkova E, László B,
Nyeste K, Antal L. Which Is More Toxic? Evaluation of
the Short-Term Toxic Effects of Chlorpyrifos and
Cypermethrin on Selected Biomarkers in Common
Carp (Cyprinus carpio, Linnaeus 1758). Toxics. 2021;
9:125.
https://doi.org/10.3390/toxics9060125
PMID:34072750
14. Wang L, Wang L, Shi X, Xu S. Chlorpyrifos induces the
apoptosis and necroptosis of L8824 cells through the
ROS/PTEN/PI3K/AKT axis. J Hazard Mater. 2020;
398:122905.
https://doi.org/10.1016/j.jhazmat.2020.122905
PMID:32768820
15. Sharma S, Singh PB, Chadha P, Saini HS. Chlorpyrifos
pollution: its effect on brain acetylcholinesterase
activity in rat and treatment of polluted soil by
indigenous Pseudomonas sp. Environ Sci Pollut Res Int.
2017; 24:381–7.
https://doi.org/10.1007/s11356-016-7799-2
PMID:27722883
16. Zhao L, Tang G, Xiong C, Han S, Yang C, He K, Liu Q, Luo
J, Luo W, Wang Y, Li Z, Yang S. Chronic chlorpyrifos
exposure induces oxidative stress, apoptosis and
immune dysfunction in largemouth bass (Micropterus
salmoides). Environ Pollut. 2021; 282:117010.
https://doi.org/10.1016/j.envpol.2021.117010
PMID:33848913
17. Aboubakr M, Elshafae SM, Abdelhiee EY, Fadl SE,
Soliman A, Abdelkader A, Abdel-Daim MM, Bayoumi
KA, Baty RS, Elgendy E, Elalfy A, Baioumy B, Ibrahim SF,
Abdeen A. Antioxidant and Anti-Inflammatory
Potential of Thymoquinone and Lycopene Mitigate the
Chlorpyrifos-Induced
Toxic
Neuropathy.
Pharmaceuticals (Basel). 2021; 14:940.
https://doi.org/10.3390/ph14090940
PMID:34577640
18. Albasher G, Alsaleh AS, Alkubaisi N, Alfarraj S,
Alkahtani S, Farhood M, Alotibi N, Almeer R. Red
Beetroot Extract Abrogates Chlorpyrifos-Induced
Cortical Damage in Rats. Oxid Med Cell Longev. 2020;
2020:2963020.
https://doi.org/10.1155/2020/2963020
PMID:32215171
19. Jameson RR, Seidler FJ, Slotkin TA. Nonenzymatic
functions of acetylcholinesterase splice variants in the
developmental neurotoxicity of organophosphates:
chlorpyrifos, chlorpyrifos oxon, and diazinon. Environ
Health Perspect. 2007; 115:65–70.
https://doi.org/10.1289/ehp.9487 PMID:17366821

www.aging-us.com

8996

20. Akpa AR, Ayo JO, Mika’il HG, Zakari FO. Protective
effect of fisetin against subchronic chlorpyrifosinduced toxicity on oxidative stress biomarkers and
neurobehavioral parameters in adult male albino mice.
Toxicol Res. 2020; 37:163–71.
https://doi.org/10.1007/s43188-020-00049-y
PMID:33868974
21. Okechukwu OE, Usman IB, Jehu A. Investigation of
acute toxicity of chlorpyrifos-ethyl on Clarias
gariepinus-(Burchell, 1822) using some behavioural
indices. International Journal of Basic and Applied
Sciences. 2013; 2:176–83.
https://doi.org/10.14419/ijbas.v2i2.778
22. Abolaji AO, Ojo M, Afolabi TT, Arowoogun MD,
Nwawolor D, Farombi EO. Protective properties of 6gingerol-rich fraction from Zingiber officinale (Ginger)
on chlorpyrifos-induced oxidative damage and
inflammation in the brain, ovary and uterus of rats.
Chem Biol Interact. 2017; 270:15–23.
https://doi.org/10.1016/j.cbi.2017.03.017
PMID:28373059
23. Pala A, Serdar O, Mişe Yonar S, Yonar ME. Ameliorative
effect of Fennel (Foeniculum vulgare) essential oil on
chlorpyrifos toxicity in Cyprinus carpio. Environ Sci
Pollut Res Int. 2021; 28:890–7.
https://doi.org/10.1007/s11356-020-10542-4
PMID:32822009
24. Li XY, Sun LW, Zhao DQ. Current Status and ProblemSolving Strategies for Ginseng Industry. Chin J Integr
Med. 2019; 25:883–6.
https://doi.org/10.1007/s11655-019-3046-2
PMID:31630359
25. Park HJ, Kim DH, Park SJ, Kim JM, Ryu JH. Ginseng in
traditional herbal prescriptions. J Ginseng Res. 2012;
36:225–41.
https://doi.org/10.5142/jgr.2012.36.3.225
PMID:23717123
26. Ratan ZA, Haidere MF, Hong YH, Park SH, Lee JO, Lee J,
Cho JY. Pharmacological potential of ginseng and its
major component ginsenosides. J Ginseng Res. 2021;
45:199–210.
https://doi.org/10.1016/j.jgr.2020.02.004
PMID:33841000
27. Alolga RN, Nuer-Allornuvor GF, Kuugbee ED, Yin X, Ma
G. Ginsenoside Rg1 and the control of inflammation
implications for the therapy of type 2 diabetes: A
review of scientific findings and call for further
research. Pharmacol Res. 2020; 152:104630.
https://doi.org/10.1016/j.phrs.2020.104630
PMID:31911245
28. Sharma A, Lee HJ. Ginsenoside Compound K:
Insights into Recent Studies on Pharmacokinetics and

AGING

Health-Promoting Activities. Biomolecules. 2020;
10:1028.
https://doi.org/10.3390/biom10071028
PMID:32664389
29. Zhou P, Xie W, Sun Y, Dai Z, Li G, Sun G, Sun X.
Ginsenoside Rb1 and mitochondria: A short review of
the literature. Mol Cell Probes. 2019; 43:1–5.
https://doi.org/10.1016/j.mcp.2018.12.001
PMID:30529056
30. Kacew S, Ruben Z, McConnell RF. Strain as a
determinant factor in the differential responsiveness of
rats to chemicals. Toxicol Pathol. 1995; 23:701–14;
discussion 714–5.
https://doi.org/10.1177/019262339502300608
PMID:8772256
31. Shou L, Bei Y, Song Y, Wang L, Ai L, Yan Q, He W. Nrf2
mediates the protective effect of edaravone after
chlorpyrifos-induced nervous system toxicity. Environ
Toxicol. 2019; 34:626–33.
https://doi.org/10.1002/tox.22728 PMID:30758894
32. Wallberg F, Tenev T, Meier P. Analysis of Apoptosis and
Necroptosis by Fluorescence-Activated Cell Sorting.
Cold Spring Harb Protoc. 2016; 2016:pdb.prot087387.
https://doi.org/10.1101/pdb.prot087387
PMID:27037070
33. Zhang M, Chen W, Zong Y, Shi K, Li J, Zeng F, He Z,
Du R. Cognitive-enhancing effects of fibrauretine
on Aβ1-42-induced Alzheimer's disease by
compatibilization with ginsenosides. Neuropeptides.
2020; 82:102020.
https://doi.org/10.1016/j.npep.2020.102020
PMID:31982159
34. Munteanu IG, Apetrei C. Analytical Methods Used in
Determining Antioxidant Activity: A Review. Int J Mol
Sci. 2021; 22:3380.
https://doi.org/10.3390/ijms22073380
PMID:33806141
35. Weydert CJ, Cullen JJ. Measurement of superoxide
dismutase, catalase and glutathione peroxidase in
cultured cells and tissue. Nat Protoc. 2010; 5:51–66.
https://doi.org/10.1038/nprot.2009.197
PMID:20057381

38. Ahmadian E, Khosroushahi AY, Eghbal MA, Eftekhari A.
Betanin reduces organophosphate induced cytotoxicity
in primary hepatocyte via an anti-oxidative and
mitochondrial dependent pathway. Pestic Biochem
Physiol. 2018; 144:71–8.
https://doi.org/10.1016/j.pestbp.2017.11.009
PMID:29463411
39. Cardona D, López-Crespo G, Sánchez-Amate MC,
Flores P, Sánchez-Santed F. Impulsivity as long-term
sequelae after chlorpyrifos intoxication: time course
and individual differences. Neurotox Res. 2011;
19:128–37.
https://doi.org/10.1007/s12640-009-9149-3
PMID:20087798
40. Halder N, Lal G. Cholinergic System and Its Therapeutic
Importance in Inflammation and Autoimmunity. Front
Immunol. 2021; 12:660342.
https://doi.org/10.3389/fimmu.2021.660342
PMID:33936095
41. Fujii T, Mashimo M, Moriwaki Y, Misawa H, Ono S,
Horiguchi K, Kawashima K. Physiological functions of
the cholinergic system in immune cells. J Pharmacol
Sci. 2017; 134:1–21.
https://doi.org/10.1016/j.jphs.2017.05.002
PMID:28552584
42. Pham B, Miranda A, Allinson G, Nugegoda D.
Evaluating
the
non-lethal
effects
of
organophosphorous and carbamate insecticides on
the yabby (Cherax destructor) using cholinesterase
(AChE, BChE), Glutathione S-Transferase and
ATPase as biomarkers. Ecotoxicol Environ Saf. 2017;
143:283–8.
https://doi.org/10.1016/j.ecoenv.2017.05.035
PMID:28554137
43. Moyano P, Del Pino J, Anadon MJ, Díaz MJ, Gómez G,
Frejo MT. Toxicogenomic profile of apoptotic and
necrotic SN56 basal forebrain cholinergic neuronal loss
after acute and long-term chlorpyrifos exposure.
Neurotoxicol Teratol. 2017; 59:68–73.
https://doi.org/10.1016/j.ntt.2016.10.002
PMID:27737797

36. Casós K, Costa C, Galiñanes M. Determination of
Redox Status in Serum. Methods Mol Biol. 2020;
2110:115–28.
https://doi.org/10.1007/978-1-0716-0255-3_8
PMID:32002905

44. Singh S, Prakash A, Kaur S, Ming LC, Mani V, Majeed
AB. The role of multifunctional drug therapy as an
antidote to combat experimental subacute
neurotoxicity induced by organophosphate pesticides.
Environ Toxicol. 2016; 31:1017–26.
https://doi.org/10.1002/tox.22111
PMID:25864908

37. Pundir CS, Malik A, Preety. Bio-sensing of
organophosphorus pesticides: A review. Biosens
Bioelectron. 2019; 140:111348.
https://doi.org/10.1016/j.bios.2019.111348
PMID:31153016

45. Szafran BN, Borazjani A, Seay CN, Carr RL, Lehner R,
Kaplan BLF, Ross MK. Effects of Chlorpyrifos on Serine
Hydrolase Activities, Lipid Mediators, and Immune
Responses in Lungs of Neonatal and Adult Mice. Chem
Res Toxicol. 2021; 34:1556–71.

www.aging-us.com

8997

AGING

https://doi.org/10.1021/acs.chemrestox.0c00488
PMID:33900070

https://doi.org/10.1016/j.fsi.2018.08.060
PMID:30176333

46. Salim S. Oxidative Stress and the Central Nervous
System. J Pharmacol Exp Ther. 2017; 360:201–5.
https://doi.org/10.1124/jpet.116.237503
PMID:27754930

55. Miao Z. Oxidative Stress and Calcium Dyshomeostasis
Mediated CPF-Induces EPC Cell Apoptosis and
Necroptosis. 2021.
https://doi.org/10.21203/rs.3.rs-886171/v1

47. Cabral Pinto MMS, Marinho-Reis AP, Almeida A,
Ordens CM, Silva MMV, Freitas S, Simões MR, Moreira
PI, Dinis PA, Diniz ML, Ferreira da Silva EA, Condesso de
Melo MT. Human predisposition to cognitive
impairment and its relation with environmental
exposure to potentially toxic elements. Environ
Geochem Health. 2018; 40:1767–84.
https://doi.org/10.1007/s10653-017-9928-3
PMID:28281140

56. Sun X, Liu M, Gao L, Mao Y, Zhao D, Zhuang J, Liu L.
A novel tetrahydroisoquinoline (THIQ) analogue
induces mitochondria-dependent apoptosis. Eur J Med
Chem. 2018; 150:719–28.
https://doi.org/10.1016/j.ejmech.2018.03.017
PMID:29573707

48. Tsikas D. Assessment of lipid peroxidation by
measuring malondialdehyde (MDA) and relatives in
biological samples: Analytical and biological challenges.
Anal Biochem. 2017; 524:13–30.
https://doi.org/10.1016/j.ab.2016.10.021
PMID:27789233
49. Stoyanova SG. Multi-Biomarker Assessment in Common
Carp (Cyprinus carpio, Linnaeus 1758) Liver after Acute
Chlorpyrifos Exposure. Water. 2020; 1837.
https://doi.org/10.3390/w12061837
50. Ma X, Deng D, Chen W. Inhibitors and Activators of
SOD, GSH Px, and CAT. 2017.
https://doi.org/10.5772/65936
51. Gu J, Xu S, Liu Y, Chen X. Chlorpyrifos-induced toxicity
has no gender selectivity in the early fetal brain. J
Environ Sci Health B. 2020; 55:803–12.
https://doi.org/10.1080/03601234.2020.1786326
PMID:32602772
52. Miao Z, Miao Z, Wang S, Shi X, Xu S. Quercetin
antagonizes
imidacloprid-induced
mitochondrial
apoptosis through PTEN/PI3K/AKT in grass carp
hepatocytes. Environ Pollut. 2021; 290:118036.
https://doi.org/10.1016/j.envpol.2021.118036
PMID:34488159
53. Wang S, Li X, Wang W, Zhang H, Xu S. Application of
transcriptome analysis: Oxidative stress, inflammation
and microtubule activity disorder caused by ammonia
exposure may be the primary factors of intestinal
microvilli deficiency in chicken. Sci Total Environ. 2019;
696:134035.
https://doi.org/10.1016/j.scitotenv.2019.134035
PMID:31470328
54. Jiao W, Han Q, Xu Y, Jiang H, Xing H, Teng X. Impaired
immune function and structural integrity in the gills of
common carp (Cyprinus carpio L.) caused by
chlorpyrifos exposure: Through oxidative stress and
apoptosis. Fish Shellfish Immunol. 2019; 86:239–45.

www.aging-us.com

8998

57. Lee JW, Choi BR, Kim YC, Choi DJ, Lee YS, Kim GS, Baek
NI, Kim SY, Lee DY. Comprehensive Profiling and
Quantification of Ginsenosides in the Root, Stem, Leaf,
and Berry of Panax ginseng by UPLC-QTOF/MS.
Molecules. 2017; 22:2147.
https://doi.org/10.3390/molecules22122147
PMID:29207539
58. Wang H, Peng D, Xie J. Ginseng leaf-stem: bioactive
constituents and pharmacological functions. Chin Med.
2009; 4:20.
https://doi.org/10.1186/1749-8546-4-20
PMID:19849852
59. Song YN, Hong HG, Son JS, Kwon YO, Lee HH, Kim HJ,
Park JH, Son MJ, Oh JG, Yoon MH. Investigation of
Ginsenosides and Antioxidant Activities in the Roots,
Leaves, and Stems of Hydroponic-Cultured Ginseng
(Panax ginseng Meyer). Prev Nutr Food Sci. 2019;
24:283–92.
https://doi.org/10.3746/pnf.2019.24.3.283
PMID:31608253
60. Yang Y, Liang X, Jin P, Li N, Zhang Q, Yan W, Zhang H,
Sun J. Screening and determination for potential
acetylcholinesterase inhibitory constituents from
ginseng stem-leaf saponins using ultrafiltration (UF)LC-ESI-MS2. Phytochem Anal. 2019; 30:26–33.
https://doi.org/10.1002/pca.2787
PMID:30159954
61. Makeen HA. Cytoprotective effect of Cactus cladode
(Opuntia ficus-indica) against chlorpyrifos induced
reactive oxygen species in rat hepatocytes: Involvement
of heat shock protein 70 and CYP1A1/2 proteins.
Pharmacognosy Magazine. 2019; 15:47–53.
https://doi.org/10.4103/pm.pm_484_18
62. Qi Z, Wang Z, Zhou B, Fu S, Hong T, Li P, Liu J. A new
ocotillol-type ginsenoside from stems and leaves of
Panax quinquefolium L. and its anti-oxidative effect on
hydrogen peroxide exposed A549 cells. Nat Prod Res.
2020; 34:2474–81.
https://doi.org/10.1080/14786419.2018.1543677
PMID:30602312

AGING

63. Liu Y, Lin F, Chen Y, Wang R, Liu J, Jin Y, An R.
Cryptotanshinone Inhibites Bladder Cancer Cell
Proliferation and Promotes Apoptosis via the
PTEN/PI3K/AKT Pathway. J Cancer. 2020; 11:488–99.
https://doi.org/10.7150/jca.31422
PMID:31897244
64. Yiming Z, Zhaoyi L, Jing L, Jinliang W, Zhiqiang S,
Guangliang S, Shu L. Cadmium induces the thymus
apoptosis of pigs through ROS-dependent PTEN/PI3K/
AKT signaling pathway. Environ Sci Pollut Res Int. 2021;
28:39982–92.
https://doi.org/10.1007/s11356-021-13517-1
PMID:33765263
65. Zou J, Su H, Zou C, Liang X, Fei Z. Ginsenoside Rg3
suppresses the growth of gemcitabine-resistant
pancreatic cancer cells by upregulating lncRNA-CASC2
and activating PTEN signaling. J Biochem Mol Toxicol.
2020; 34:e22480.
https://doi.org/10.1002/jbt.22480
PMID:32104955

www.aging-us.com

8999

66. Kma L, Baruah TJ. The interplay of ROS and the
PI3K/Akt pathway in autophagy regulation. Biotechnol
Appl Biochem. 2022; 69:248–64.
https://doi.org/10.1002/bab.2104 PMID:33442914
67. Song Y, Liu W, Tang K, Zang J, Li D, Gao H. Mangiferin
Alleviates Renal Interstitial Fibrosis in StreptozotocinInduced Diabetic Mice through Regulating the
PTEN/PI3K/Akt Signaling Pathway. J Diabetes Res.
2020; 2020:9481720.
https://doi.org/10.1155/2020/9481720
PMID:32076626
68. Feng Y, Hua X, Niu R, Du Y, Shi C, Zhou R, Chen FH. ROS
play an important role in ATPR inducing differentiation
and inhibiting proliferation of leukemia cells by
regulating the PTEN/PI3K/AKT signaling pathway. Biol
Res. 2019; 52:26.
https://doi.org/10.1186/s40659-019-0232-9
PMID:31053167

AGING

