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Abstract

Paraquat (PQ)-induced acute lung injury (ALI) remains a public concern due to its high mortality.
Andrographolide (Andro) has anti-oxidative and anti-apoptosis properties. However, the role of Andro in AL is still
unknown. Herein, the purpose was to explore the function of Andro and potential mechanisms in ALI caused by PQ.
An animal model of ALI was established with an intraperitoneal injection of PQ at 20mg/kg. Andro was administered
intragastrically for three consecutive days. A specific AMPK inhibitor named Compd C, Nrf2 gene knockout, and a
specific PI3K inhibitor named LY294002 were used to clarify the possible mechanism. Results revealed that Andro
alleviated PQ-induced histopathological changes, including congestion, hemorrhage, destroyed alveoli, and
extracellular matrix deposition, and inhibited apoptosis. Andro up-regulated the p-AMPK/AMPK ratio and Nrf2 and
HO-1 levels while decreasing p-PI3K and p-Akt levels. In vitro, Andro appeared to reverse the PQ-induced
reductions in SOD and CAT. However, Andro weakened the capacity to promote Nrf2 with Compd C and the
capacity to reduce MDA and ROS while increasing SOD and CAT after the Nrf2 gene was knocked out.
Additionally, Andro mitigated apoptosis by elevating the Bcl-2/Bax ratio. Results also showed that Andro promoted
the Bcl-2/Bax ratio to reduce apoptosis with LY294002. In conclusion, Andro reduces the PQ-induced ALI through
the AMPK/Nrf2 and PI3K/Akt pathways. The possible mechanism involves an antioxidant capacity to activate the
AMPK/Nrf2 pathway and cause anti-apoptosis suppression of the PI3K/Akt pathway.
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Role and Molecular Mechanism of Andro in ALI

intentional ingestion of PQ [2]. PQ is easily
absorbed by other organs, particularly the
lungs, due to its structural similarities to
polyamines, which are prevalent in type | and
[3, 4]. PQ
poisoning resulted in lung damage at the
with

Il alveolar epithelial cells

acute phase, presenting clinic

pathological features of congestion, alveolar
hemorrhage, pneumonedema, infiltration of

inflammatory cells, extracellular matrix
collagen  deposition, and  eventually
pulmonary fibrosis [5-7]. PQ mainly

accumulates and destroys the structure and
function of the lungs, causing progressive
respiratory failure and, perhaps, death. Many
research findings have verified that the
inflammatory response, oxidative stress
injury, and apoptosis events have significant
implications for pulmonary toxicity caused
by PQ [3, 8-11]. Although anti-inflammatory
and anti-oxidant agents predominantly
mitigate PQ intoxication, the mortality ratio
remains high, to the best of our knowledge,
due to a lack of specialized antidotes [12]. In
order to prevent and treat PQ-induced lung
toxicity, it is critically necessary to
investigate alternate medications.

Andrographolide (Andro), as a kind of

diterpenoid  derived from the herb
Andrographis paniculata, possesses some
bio-activities, mainly including anti-

inflammation, anti-viral, anti-oxidative, and

anti-tumor  properties, and has been

extensively utilized as a medicinal option for
treatment of the upper respiratory tract,
bacillary dysentery, and gastroenteritis [13-

15]. Additionally, several studies have
illustrated that Andro reduces inflammation
to improve ALI [16-18]. Evidence has
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accumulated that Andro protects against
oxidative lung damage via activating Nrf2
[19, 20]. In order to maintain the balance
the
nuclear factor erythroid 2-related factor 2

between oxidation and antioxidants,

(Nrf2) determines the synthesis of multiple
kinds of antioxidant-related genes, such as
heme oxygenase-1 (HO-1), superoxide
dismutase (SOD), and catalase (CAT) [21-
23]. Along with this, PQ-induced pulmonary
by the
(P13K)/protein
kinase B (Akt) pathway, which controls cell

toxicity is also influenced

phosphoinositide  3-kinase

proliferation, growth, and metabolism [24,
25]. Additionally, accumulating evidence has
verified that Andro inhibits inflammation and
apoptosis via the PI3K/Akt pathway [26-28].
However, Andro's implications and possible
mechanism of ALl caused by PQ are
complicated and unclear. Therefore, this
investigation's primary objective is to discuss
Andro's biological impact on PQ-related ALI
and the underlying processes related to the

AMPK/Nrf2 and PI3K/Akt pathways.

2. Materials and Methods

2.1. Animals’ choice

Specific pathogen-free (SPF) female C57BL/6J
mice aged 4-6 weeks and weighing 18-22 ¢
have been employed in the present research,
provided to our study by the Chinese Academy
of Agricultural Sciences' Lanzhou Veterinary
Research Institute. All mice were maintained in
sterile conditions at constant humidity levels of
50-70 % and 18-22 °C temperatures. Lanzhou
Ethics
Committee granted experiment authorization
(Permit No. D2020-082).

University ~ Second  Hospital’s
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2.2. Animal models of ALI

All mice in this experiment were allocated at
random to five groups as follows: The control
group, the Andro-treated along group (Sigma-
Aldrich, USA), the PQ (Sigma-Aldrich, USA)
group, and the low (25mg/kg)- and high
(50mg/kg)-dose Andro groups [29]. To
establish a model of ALI, mice in the PQ group
received intraperitoneal injections of PQ with a
concentration of 20mg/kg [30, 31]. An
equivalent volume of saline was administered
intraperitoneally to the Control mice and the
Andro groups separately. Furthermore, mice
received Andro at 25mg/kg and 50mg/kg
the
establishment of the ALl model. Meanwhile,

intragastrically for three days after
mice in the Control and PQ groups received
intragastric saline injections of the same
volume. Mice in the Andro-treated group were
fed an equivalent volume of Andro at a
50mg/kg concentration.

2.3. Histopathology

The right middle lobe of the mice's lungs was
extracted and preserved for 48 hours in 4%
paraformaldehyde. After dehydrating the lung
tissues with an alcohol concentration gradient
and wax dipping, they were soaked in paraffin
five slices.
(H&E)
trichrome kits (Solarbio, China) were employed

and sliced into pum-thick

Hematoxylin-eosin and Masson's
to stain the slices following the manufacturer's

instructions.  Pathological changes were

observed and photographed with an Olympus
microscope after the slides were sealed with
neutral gum. The lung injury was subsequently
graded using

the procedures previously

described. In short, the pathological alterations
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(congestion, alveolar bleeding, wall thickening,
and collagen deposition) were individually
evaluated according to the following 5-level
scale: No lesions or minimal, mild, moderate,
serious, or highly serious lesions have been
identified by 0, 1, 2, 3, and 4 scores,
respectively. The mean lung damage scores in
mice were used to estimate the degree of
pulmonary injury.

2.4. TUNEL staining

TUNEL staining was conducted according to
the manufacturer's instructions for the TUNEL
kit (Servicebio, China) to analyze apoptosis in
lung tissue further. The nuclei of apoptotic cells
were colored red, and photographed with the
IrfanView 64 program. Positive cells were
counted with image analysis by randomly
selecting three areas under a microscope
(Olympus, Japan).

2.5. Immunohistochemistry (IHC) analysis

Immunohistochemistry (IHC) was used to
assess the amounts of the anti-apoptotic protein
Bcl-2 and the pro-apoptotic protein Bax in lung
tissues, and the outcomes are as follows: 5pum-
thick slices were roasted for 1 hour, then
deparaffinized in xylene, rehydrated utilizing
graded ethanol solutions, and microwaved in a
sodium citrate buffer. After cooling, the slides
were treated with 3% hydrogen peroxide for 1
hour before being blocked with 5% BSA at
ambient temperatures. After which, slices were
incubated overnight at 4°C with anti-Bcl-2
(Proteintech, 1:500) and anti-Bax (Proteintech,
1:1,000) primary antibodies. Then, the sections
were incubated for 1 hour at room temperature
with a secondary antibody (Biosharp, 1:1,000)
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after being rinsed three times with PBS. A DAB
substrate was applied to the slices for 8 minutes.
Ultimately, the slides were inspected and
captured using the IrfanView 64 program.

2.6. Cell Culture

Type Il mouse epithelial cells named MLE-12
cells were acquired from the American Type
Culture Collection (ATCC, USA). Cells were
maintained in DMEM/F-12 (1:1) (Gibco, USA)
supplemented with 10% fetal bovine serum
(Cell Box, China) as well as 1% antibiotics
(Biosharp, China), and were then incubated at
37 °Cin a 5% CO. atmosphere before being
trypsinized (Gibco, USA). The CCK-8 test has
previously been used to examine the effects of
Andro on PQ-related cytotoxicity in MLE-12
cells [32]. In brief, MLE-12 cells were seeded
onto 6-well sterile plates at a density of 1X
10%/well and cultivated for 48 hours at 37 °C in
a 5% CO2 environment. MLE-12 cells were
pretreated with Andro for 6 hours before being
exposed to PQ for 24 hours, with cell density
reaching 80-90% on 6-well sterile plates.
Finally, MLE-12 cells were harvested for the
following investigations.

2.7. Transfection

MLE-12 cells were planted in 6-well plates at a
density of up to 30-40% for 24 hours before
Nfe2l2 siRNA
sequences as per the instructions provided by
the manufacturer (HANBIO, China). The
following are the Nrf2 siRNA detail sequences:
5'-GACUCAAAUCCCACCUUAAITAT-3' is
the sense strand, while 5'-
UUAAGGUGGGAUUUGAGUCATdT-3" s
the anti-sense strand. Following 48 hours of

being transfected with

transfection, MLE-12 cells were cultured for
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two days with 4g/ml puromycin. Finally, the
cells with Nrf2 silence were collected for the
following study.

2.8. Assays for reactive oxygen species (ROS)

In vitro, ROS detection was accomplished
using DCFH-DA (Biosharp,
fluorescent probe. After removing the cell
5uM DCFH-DA was
added, diluted in a serum-free medium, and

China) as a

culture solution,
applied to each plate well. It was followed by
30 minutes of incubation in an incubator at
37°C. Ultimately, samples were analyzed via
Beckman's  CytoFLEX
(Beckman, USA).

flow  cytometry

2.9. Apoptosis analysis

MLE-12 cell apoptosis was identified using the
Annexin V-FITC/PI reagent (Biosharp, China).
Cells were then trypsinized, washed, and
resuspended using a staining solution before
being treated for 30 minutes at room
temperature with Annexin V-FITC/PI solution.
At last, CytoFLEX flow cytometry (Beckman,
USA) was used to guarantee an adequate cell

apoptosis rate.
2.10. Oxidative stress markers

MLE-12 cells were collected and split by an

ultrasonic cell fragmentation instrument
(SONICS, USA) with an associated power of
300 watts. This process was repeated 5 times for
5 seconds with an interval of 30 seconds. The
experiment was conducted strictly according to
the instructions set by the Nanjing Jiancheng
Bioengineering Institute, China. The absorption
spectrum value was determined by the enzyme

micro-plate reader (Thermo Fisher, USA).
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2.11. Western Blot

Total proteins were collected and isolated
China).
concentrations were determined using the
BCA Protein Assay Kit (Biosharp, China).
Equal protein samples were processed on 10%
SDS-PAGE (Biosharp, China) to separate
various proteins. After that, the proteins were
transferred to a 0.22uM PVDF membrane
(Millipore, USA) and blocked in 5% BSA for
1 hour (Biosharp, China). And the PVDF
membrane was incubated overnight in a
4°Cwith  the following
antibodies: AMPK (Proteintech, 1: 1,000), p-
AMPK (CST, 1: 1,000), HO-1 (Abcam, 1:
10,000), Nrf2 (Abconol, 1: 1,000), p-PI3K
(CST, 1: 1,000), p-Akt (CST, 1: 1,000), Bax
(Proteintech, 1: 5,000), Bcl-2 (Proteintech, 1:
1,000), and B-actin (Servicebio, 1: 2,500).
After washing with TBST (Servicebio, China),
the second antibody (Biosharp, 1: 10,000) was
administered with membranes for an hour. The

observed  using the
ECL China).
Finally, Image J software performed western

using RIPA (Beyotime, Protein

refrigerator  at

proteins  were

hypersensitive (Biosharp,
blot quantification and scanned blot analysis.

2.12. Statistics and analysis

All values in this article were presented as
means * standard deviation (SD). The statistical
analysis was carried out using the GraphPad
Prism 8.0 program (GraphPad Inc., USA). A
one-way analysis of variance (ANOVA) was
used for contrasting various groups, followed
by Turkey's multiple comparison tests. A P-
value of 0.05 or 0.01 was considered

statistically significant.
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3. Results and Discussion

3.1. Andro attenuates the ALI caused by PQ in
mice by pathological analysis

In PQ-induced ALI
observed alveolar structural integrity without
fiber

deposition in the lungs of mice. It was observed

animal models, we

congestion, bleeding, or collagen
using HE and Masson staining. Furthermore,
there were no differences in lung injury scores
between the Control and Andro-treated groups
(P>0.05) 1B). PQ

stimulation induced observable

(Figure However,
histopathological changes in the characteristics
of lung congestion, hemorrhage, structural
destruction of alveoli, and extracellular matrix
deposition when compared to the Control
group, as shown in Figures 1A and 1C (P<0.01)
(Figures 1A and C). PQ poisoning has been
investigated and shown to be a major
contributor to pesticide death [33, 34]. It is
reported that ingestion of primary paraquat was
responsible for one-fifth of pesticide deaths in
South Korea, and case fatalities were also high
in Iran [35, 36]. Since the lungs suffered severe
damage after exposure to PQ, experimental
tests have also proved this conclusion. To our
knowledge, no effective treatment for
preventing and treating PQ poisoning has been
discovered. Therefore, new medications to
mitigate its toxicity are urgently needed to
minimize the high mortality caused by PQ.
Andro, as a critical bioactivity ingredient
extracted from the natural plant Andrographis
paniculata, is well known for its potent antiviral,
antioxidant, and anti-inflammatory properties,

which have been widely used to treat an array of
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diseases, including  osteoarthritis,  upper
respiratory diseases, as well as multiple sclerosis
[37]. Nevertheless, Andro's roles and possible
mechanisms in PQ-related ALl are still
complicated and unknown. Therefore, we
evaluated the role of Andro against PQ-induced
ALl Interestingly, Andro at different
concentrations (25 and 50 mg/kg) significantly
reduced lung histological alterations and lowered
the lung score and collagen deposition in animal
experiments. Thus, our findings indicated that
Andro substantially decreased ALI caused by PQ
by reducing alveolar congestion, hemorrhage, and
structural destruction and lowering extracellular
matrix deposition in animal models (P<0.01)
(Figure 1).
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3.2. Andro mitigates apoptosis in the PQ-
induced ALI in lungs in mice.

There is mounting evidence that apoptosis
contributes to the progression of PQ-induced
pulmonary toxicity [3, 38, 39]. Therefore,
TUNEL labeling was used to detect the degree of
apoptosis in vivo. Results illustrated that the
TUNEL-positive cells of apoptosis increased
significantly after PQ stimulation, compared with
the Control group, and had a statistically
significant difference (P<0.01) (Figures 2A and
2D). B-cell lymphoma 2 (Bcl-2) is a pioneering
member of the Bcl-2 family of apoptosis-
regulating proteins. Bcl-2 protein effectively
prevents the aggregation of pro-apoptotic proteins
Bax, reduces the release of apoptosis-related
factors, and plays an anti-apoptosis role [40].
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Figure 1. Andro attenuates the ALI caused by PQ in mice. (A) Histopathology changes by H&E staining (magnification:
200x). (B) Lung injury score. (C) Collagen deposition changes assessment by Masson trichrome staining (magnification:
200x). (D) Collagen deposition area ratio. Data are presented as the means + SD. “ns” means no significant difference with
the Control group; "P<0.05, “P < 0.01 vs. the Control group; *P<0.05, #P<0.01 vs. the PQ group.
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The immunohistochemical approach in vivo
was further used to investigate the probable
molecular mechanisms of apoptosis by
analyzing the Bcl-2 and Bax levels. In studies
of PQ-related toxicity, the expression of Bax
and the
expression of Bcl-2 was significantly down-
that PQ

apoptosis events by regulating the imbalance

was significantly up-regulated,

regulated, suggesting induced
between Bcl-2 and Bax levels. In experiments,
a substantial reduction of Bcl-2 expression and
a significant rise in Bax expression in lung
tissues were observed compared with the
Control group (P<0.01) (Figures 2B, 2C, 2E,
and 2F). PQ induces apoptosis by causing an
imbalance between anti-apoptotic and pro-
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apoptotic proteins, consistent with previous
studies [38, 39]. However, Andro treatments
with  concentration  effects  substantially
lowered the amount of TUNEL-positive cells in
contrast to the PQ group (P<0.01) (Figures 2A
and 2D). Moreover, we did detect a difference
between the Bcl-2 and Bax protein levels in the
PQ and Andro-treated groups with different
doses (25 mg/kg and 50mg/kg, separately);
Andro hand,

completely reversed the PQ-induced fail in Bcl-

treatments, on the other
2 as well as the rise in Bax expression (P<0.01)
(Figures 2B, 2C, 2E, and 2F). These findings
demonstrate that Andro mitigates PQ-induced
apoptosis by modulating Bcl-2 and Bax
expression.
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Figure 2. Andro mitigates apoptosis in the PQ-induced ALI in the lungs of mice. (A) Detection of apoptosis
(magnification: 200x%). The levels of (B) anti-apoptosis protein Bcl-2 and (C) pro-apoptosis protein Bax were tested by
IHC (magnification: 200x). (D) Quantitative analysis of apoptosis in the lungs. Expression levels of (E) Bcl-2 and (F)
Bax were analyzed by Image J. The results are expressed as mean + SD. “ns” means no significant difference with the

Control group; “P <0.05,
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“P<0.01 vs. the Control group; *P <0.05, *#P<0.01 vs. the PQ group.
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3.3. Andro regulates the AMPK/Nrf2 and
PI3K/Akt pathways in PQ-induced ALI in mice.

The AMP-activated protein kinase (AMPK)/
factor-erythroid 2 related factor 2 (Nrf2) plays
critical roles in oxidative stress-associated
diseases [41, 42]. Thus, Western blotting in
mice's lungs explored the AMPK/Nrf2
signaling pathways. Our findings confirmed
that the p-AMPK/AMPK ratio and the
expression of the antioxidant protein Nrf2 were
considerably elevated following the PQ
stimulation. PQ raised HO-1 in the lungs; it is
the primary antioxidant protein downstream of
Nrf2 (P<0.01) (Figure 3A-D). Nrf2, as an
important antioxidant key factor, effectively
activates the essential downstream protein

Heme Oxygenase-1 (HO-1) and controls the
synthesis of antioxidant enzyme genes when
subjected to oxidative stress injury [43, 44].
Hence, this phenomenon- the increase of p-
AMPK, Nrf2, and HO-1 expression is closely
associated with initiating the anti-oxidative
defense mechanism in mice after exposure to
PQ. Moreover, western blotting results also
illustrated that the p-AMPK/AMPK ratio, as
well as the antioxidant proteins, Nrf2 and HO-
1 levels, were significantly up-regulated
following Andro with varied dosage treatments
when compared to the PQ group (P<0.01)
(Figure 3A-D). These demonstrated that Andro
strengthens mice's antioxidant capacity by
stimulating the AMPK/Nrf2 pathway to
attenuate the PQ-induced ALI.
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Figure 3. Andro regulates the AMPK/Nrf2 and PI3K/Akt pathways in PQ-induced ALI. (A) Western blot analysis was
performed to detect the expression of AMPK, p-AMPK, Nrf2, and HO-1 in the lungs of mice. Representative Western blot
images and quantitative analysis of (B) the ratio of p-AMPK and AMPK, (C) Nrf2, and (D) HO-1. (E) Western blot analysis
was performed to detect the expression of p-PI3K and p-Akt in mice. Representative Western blot images and quantitative
analysis of (F) p-PI3K and (G) p-Akt. The results are expressed as mean + SD. “ns” means no significant difference with
the Control group; "P<0.05, “P<0.01 vs. the Control group; *P<0.05, #P<0.01 vs. the PQ group.
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In addition, the possible role of the PI3K/Akt
pathway was also investigated. There was no
difference in p-PI3K and p-Akt protein levels
between the Control and Andro-treated groups.
In contrast to the Control group, PQ-induced
ALl raised p-PI3K and p-Akt levels, whereas
Andro treatment dramatically decreased the p-
PI3K and p-Akt expression levels compared
with the PQ group in a dose-dependent manner
(P<0.01) (Figure 3E-G). To summarize, Andro
protected mice against PQ-related ALI in mice
via inhibiting the PI3K/Akt pathway.

3.4. Andro activates the AMPK/Nrf2 pathway
to relieve oxidative stress in MLE-12 cells.

Accumulating research findings support that
oxidative stress is closely associated with PQ-
induced poisoning [11, 24, 45]. The oxidation
and antioxidant mechanisms imbalance results
in oxidative stress [46]. The initial explanation
for oxidant stress in PQ-associated pulmonary
toxicity is reactive oxygen species (ROS).
Excessive ROS causes lipid peroxidation as
well as the formation of reactive aldehyde
byproducts like malondialdehyde (MDA), and
degrades cell function by triggering apoptosis
and inflammatory responses following PQ
exposure [47]. Hence, the oxidative stress
induced by PQ and the effect of Andro were
further investigated in vitro. When the PQ
concentration was 950.2uM, MLE-12 cell
viability was markedly inhibited by half, and
Andro’s concentration was 25uM: its capacity
to minimize PQ cytotoxicity was optimal in our
previous studies [32]. Thus, the concentration
of 25uM Andro and PQ at 950.2uM was chosen
as the optimum dose for this study. Results
showed that PQ induced MLE-12 cells to
generate large amounts of ROS and MDA
compared to the Control group (P < 0.05)
(Figure 4A-C).
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Superoxide dismutase (SOD) and catalase
(CAT), as the primary antioxidant capacity
administrators, reduce damage
caused by ROS and MDA in order to maintain
the balance between oxidation and antioxidants
under physiological conditions [48]. When the
generation of ROS and MDA surpasses the
antioxidant capacity, oxidative stress damage
ensues. Following PQ with a 950.2uM stimulus
for 24 h, the antioxidant enzyme expression
levels of SOD and CAT declined dramatically,
while the generation of ROS and MDA was
considerably raised in MLE-12 cells (P<0.05)
(Figure 4A-C). Hence, our findings further
confirmed that oxidative stress is associated
with the incidence of PQ-induced ALLI,
consistent with the previous studies [4, 11].
Nevertheless, in comparison to the PQ group,
Andro substantially increased SOD and CAT
levels while decreasing ROS and MDA, which
reveals the antioxidant capacity of Andro
against the PQ-associated oxidant stress injury
(P<0.05) (Figure 4A-C).

Moreover, results illustrated that PQ
induced the activation of the AMPK/Nrf2
pathway in MLE-12 cells by raising the p-
AMPK/AMPK ratio, Nrf2, and HO-1 levels,
and Andro enhanced a more significant increase
in the p-AMPK/AMPK ratio, Nrf2, and HO-1
levels when compared to the PQ group. A
specific AMPK inhibitor named Compd C was
further employed to explore its function of the
AMPK/Nrf2 pathway in Andro's alleviation of
the PQ-related cytotoxicity. Results displayed
that Andro's ability to increase the expression

oxidative

of Nrf2, a key antioxidant protein, was
weakened after inhibiting the expression of
p-AMPK in cells. Our findings in vitro mean
that Andro activates the AMPK/Nrf2 pathway
to relieve the PQ-related cytotoxicity (P<0.01)
(Figure 4F-H).
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In addition, we further assumed that PQ
the AMPK/Nrf2
pathway to increase SOD and CAT production,

might initially activate
therefore initiating anti-oxidative defense to
lower oxidative stress in vitro. Therefore, in
follow-up experiments, we investigated the
critical role of Nrf2 in the protective role of
Andro since Nrf2 plays an essential role in
antioxidant enzyme expression, including SOD
and CAT. Following Andro treatment, the
levels of p-AMPK, Nrf2, and HO-1 were
significantly increased, reducing PQ-induced
overproduction of ROS and MDA. Andro
treatment with the forced knockout of the Nrf2
gene did not reverse the reduction in SOD and
CAT, nor did it affect the rise in ROS and MDA
caused by PQ (P<0.05) (Figure 4A-E). Lv et

ot :P1

al. studied the mechanisms of LPS-induced
ALI, and detected the pivotal role of
AMPKI/Nrf2 pathway by lessening ROS and
MDA generation [49]. Huang et al. also
emphasized the importance of AMPK/Nrf2 in
LPS-induced ALI [50]. Likewise, we have also
confirmed that the AMPK/Nrf2 signaling
pathway is critical in PQ-induced ALI. In vitro,
however, Andro did not increase antioxidant
capacity or diminish PQ-induced oxidative
damage in the presence of Nrf2 deletion. As a
result, our findings demonstrated that PQ
triggered the AMPK/Nrf2 pathway, and then
Andro specifically engaged the AMPK/Nrf2
pathway to ameliorate PQ-induced oxidative
stress in vitro.
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3.5. Andro inhibits apoptosis via the PI3K/Akt
pathway in vitro

The phosphoinositide 3-kinase (PI3K)/protein
kinase B (Akt) pathway regulates apoptosis,
which is connected to PQ-related ailments [51,
52]. Our that PQ
dramatically increased the levels of p-PI13K and

findings confirmed
p-Akt in vitro and in vivo, according to the
Andro
significantly abolished the increase of PQ-
induced p-PI3K and p-Akt in vitro. These
findings also disclose that Andro effectively

previous study [53]. Nevertheless,

suppresses the PI3K/Akt pathway to reduce
PQ-related cytotoxicity at the cellular level.
MLE-12
apoptosis after 24 hours of PQ treatment than
the group. Andro
pretreatment for 6 hours significantly decreased

Besides, cells exhibited more

Control However,
the incidence rate of apoptosis in contrast to the
PQ group. Thus, our data showed that Andro
eased PQ-induced apoptosis in MLE-12 cells
(P<0.01) (Figures 4A and 4B).

Hsueh et al. elaborated on how the
PI3K/Akt pathway inhibits apoptosis during
ALI [54]. However, whether Andro determines
apoptosis via the PI3K/Akt pathway to lessen
paraquat-mediated apoptosis is uncertain.
Hence, LY294002, a specific inhibitor of PI3K,
was employed to examine the potential function
of the PI3K/Akt signalling pathway in Andro’s
inhibiting PQ-induced apoptosis in vitro.
Results showed that Andro suppressed the
of PQ-induced with
LY294002 compared with the Andro group,
according to the flow cytometry analysis
(P<0.01) (Figures 5A and 5B). Anti-apoptotic

protein Bcl-2 and pro-apoptotic protein Bax

increase apoptosis
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both play significant roles in regulating the
beginning and progression of apoptosis [55].
Consequently, we further discussed the Bcl-2 to
Bax ratio in PQ-induced apoptosis. The ratio of
Bcl-2/Bax was notably decreased in the PQ
group, whereas Andro pretreatment distinctly
reversed this decline. Furthermore, Andro with
LY294002 significantly increased the Bcl-
2/Bax ratio compared to Andro pretreatment
before the PQ stimulation (P<0.01) (Figures
5C and 5F). Collectively, these data revealed
that Andro promoted the ratio of Bcl-2/Bax to
reduce PQ-induced apoptosis via inhibiting the
P13K/Akt signalling pathway.

4. Conclusion

In short, this research demonstrated that in vivo
PQ-induced ALI
oxidative stress and apoptosis. Moreover, based

and in vitro, involves
on the above findings, it was clear that the
AMPK/Nrf2 and PI3K/Akt pathways, which
control oxidative stress and apoptosis,
respectively, both played significant roles in
ALl caused by PQ. The underlying potential
mechanism of Andro in alleviating the PQ-
related ALI involved the reduction of oxidative
stress by activating the AMPK/Nrf2 pathway,
as well as the inhibition of apoptosis by
suppressing the PI3K/Akt pathway to increase

the ratio of Bcl-2 to Bax.
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