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expression in mice with chronic intermittent hypoxia and pain
Fei QIN' ©, Peng WANG? @, Min ZHANG® ©, Zhang QIANGZE' ©©, Zhuang HE* ©, Bing LIU>*
Abstract

Chronic intermittent hypoxia (CIH) is associated with pulmonary hypertension and lacks effective early intervention
approaches. Our study intends to investigate the protective effect of ginsenoside Rgl on pulmonary small artery damage
of CIH in mice. A total of 72 SPF-grade male C57BL/6 mice were randomly divided into an experimental group, which
received ginsenoside Rgl 10 mg/kg (low-dose group, group T1) and 20 mg/kg (high-dose group, group T2) daily, and the
control group (group C), which received an equal volume of normal saline every day. Samples were collected on days 7, 10,
and 14 after treatment to assess HIF-1a, VEGEF, and ET-1 levels by immunohistochemical staining, serum level of HIF-1a,
VEGE and ET-1 by ELISA, or the mRNA level of HIF-1a, VEGE, and ET-1 by real-time PCR. The control group presented
increased serum levels of HIF-1a, VEGE, and ET-1 from days 7 to 14. Compared with the control group, the treatment group
showed significantly decreased serum levels of HIF-1a, VEGE, and ET-1 on day 7, 10, or 14 at the same time points (P < 0.05).
Consistently, immunohistochemical staining analysis also showed an increased trend of HIF-1a, VEGEF, and ET-1 IOD values
in the control group, which were all decreased in the treatment group at the same time points with the lower level in the
T2 group than the T1 group (P < 0.05). Moreover, HIF-1a, VEGE, and ET-1 mRNA levels in groups C, T1, and T2 also
showed similar results to immunohistochemical staining (P < 0.05 or P < 0.001). In the treatment group, HIF-1a was positively
correlated with VEGF or ET-1 and VEGF was positively correlated with ET-1. Ginsenoside Rgl inhibits the expression of HIF-
la, VEGE and ET-1 in mice with CIH and pain.
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Practical Application: Obstructive sleep hypopnea syndrome (OSAHS) is a common type of sleep apnea syndrome.
Chronic intermittent hypoxia (CIH) can cause pathophysiological changes in the body, leading to multi-organ damage,
especially cardiovascular and cerebrovascular diseases. This study demonstrated that ginsenoside Rgl inhibits the expression

of HIF-1a, VEGE, and ET-1 in mice with CIH and pain.

1 INTRODUCTION

Obstructive sleep hypopnea syndrome (OSAHS) is a common
type of sleep apnea syndrome. CIH can cause pathophysiological
changes in the body, leading to multi-organ damage, especially
cardiovascular and cerebrovascular diseases (Amsen et al., 2004;
An et al, 2011). OSAHS is closely associated with the onset of
pulmonary hypertension, hypertension, coronary atherosclerotic
heart disease, and stroke (Ajoolabady et al., 2023; Akatsuka, 2020).

Chronic hypoxia is capable of inducing pulmonary vascular
remodeling, resulting in pulmonary hypertension and right ven-
tricular hypertrophy. Chronic hypoxic pulmonary hypertension
is featured as a sustained increase in the pulmonary arterial pres-
sure possibly due to abnormally elevated pulmonary vascular

resistance. It is a potentially severe and fatal lung disorder that
develops in patients with chronic lung disease including chronic
obstructive pulmonary disease (Askenase, 2021; Aversa et al.,
2016). Among several dysregulated signaling pathways during
hypoxic pulmonary hypertension, hypoxia-induced factor (HIF)
signaling is critical to the disease progression not only in pul-
monary arterial hypertension (PAH) (Antonarakis et al., 2014)
but also in PH due to lung diseases and/or hypoxia, including
PH associated with chronic high altitude exposure (Huang et al.,
2019; Huang et al., 2020), chronic obstructive pulmonary disease
(COPD) (Dtuski et al., 2022), and PF (Askenase, 2021) (group
III PH). HIF-1 and HIF-2 play dominant roles in the regulation
of gene expression in response to hypoxia. Under normoxic
conditions, degradation of HIF-1at is initiated by hydroxylation
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of conserved proline residues (Galluzzi et al., 2020; Versteijne
et al., 2020). However, during hypoxia, HIF-1o degradation is
inhibited, leading to its accumulation, dimerization with HIF-
1B, and subsequent activation of hypoxia-specific genes (Poher
etal., 2018). HIF-dependent genes can modulate a wide range of
processes in vivo including vascular endothelial growth factor
(VEGF)-induced vascularization, erythropoiesis, cellular pro-
liferation and migration, and cellular energy and metabolism
(Jeon et al., 2022; Perner & Kriiger, 2022).

Ginsenoside Rgl is one of ginseng’s main active drug ingre-
dients and Panax notoginseng (Baimas-George et al., 2021). Phar-
macological studies have found that ginsenoside Rgl possesses
various bioactive properties, such as anti-oxidative stress, anti-in-
flammatory, and anti-apoptosis. Injections with ginseng as the
main drug, such as Shenmai injection, Shengmai injection, and
Shengi injection, have been widely utilized to treat cardiovascular
and cerebrovascular diseases for a long time. However, whether
ginsenoside Rgl has a protective effect on CIH-induced lung
injury remains poorly understood. Our study aims to explore the
effect of ginsenoside Rgl in chronic lung injury induced by CIH.

2 MATERIALS AND METHODS

2.1 Establishment of CIH model and animal grouping

A total of 72 SPF male C57BL/6 mice with a body mass of
20-22 g were purchased from the Laboratory Animal Center of
Fujian Medical University [SCXK (Fujian) 2012-0001]. In the
homemade gas program control box, the oxygen concentration
in each cycle was maintained between 6 £ 1% and 21 1% by
oxygen monitor, and the CIH mice model was established after
30 days of intermittent hypoxia (Zaibi et al., 2021).

The purity of ginsenoside Rgl (ginsenoside Rgl (CAS No.
22427-39-0) provided by Shanghai Jinye Biotechnology Co, Ltd.)
was 98.1%. After model establishment, 72 mice from the hypoxic
group were randomly divided into a low-dose treatment group
(10 mg/kg, T1), a high-dose treatment group (20 mg/kg, T2),
and a control group (group C) using random numbers. Samples
were taken on days 7, 10, and 14.

2.1.1 H&E staining

After 30 days of intermittent hypoxia, eight mice were taken
on days 7, 10, and 14 after ginsenoside Rg1 treatment for blood
collection. Then, the chest was cut up along the thorax, and the
left lung tissue of mice was obtained and fixed in 40 g/L neutral
formaldehyde for 1 week for H&E staining. The right lung tissue
was placed in a frozen tube in liquid nitrogen and transferred
to a -80°C refrigerator for further use.

The left lung tissue specimen fixed in 10% neutral forma-
lin was removed, routinely dehydrated, paraffin-embedded,
and continuously sectioned with 4 um thickness. After eosin
and elastic fiber were stained, the pathological changes were
observed under a light microscope, and the results were ana-
lyzed using the image analysis software (Image-pro plus 6.0).
Three lung tissue sections were randomly selected for each
mouse to measure the thickness of the intima and membrane.

2.2 Immunohistochemical staining of the lung tissue

This assay was performed using the SABC/DAB meth-
od in the paraffin sections in accordance with the protocols.
Three sections with complete structures, each with five pul-
monary arterioles of about 100 m in diameter, were randomly
selected, and one image with 400" magnification was taken at
the specific expression site. The mean absorbance values of the
photographs were analyzed by the IPP6 software.

2.3 qRT-PCR

RNA was isolated from lung tissues to measure the expres-
sion levels of HIF-1a mRNA, VEGF mRNA, and ET-1 mRNA by
quantitative real-time PCR. Gene expression was analyzed using
the 2= method. The primer sequences are shown in Table 1.

2.4 ELISA

Serum was isolated from mice after different treatments
to measure the levels of HIF-1a, VEGE and ET-1 by ELISA
according to the instructions.

2.5 Statistical methods

The SPSS 26.0 statistical package was utilized to analyze the
data that were displayed as mean * SD and assessed by one-way
ANOVA. P < 0.05 indicates a significance.

3 RESULTS

3.1 Comparison of serum HIF-1a,
VEGE, and ET-1 levels in each group

Serum concentrations of HIF-1a, VEGEF, and ET-1 con-
tinued to increase in the control group, while their levels de-
creased in the treatment group and tended to decrease over time
(P < 0.05) (Table 2). In addition, the T2 group had significantly
lower serum levels of VEGF and ET-1 than the T1 group at the
same time point (P < 0.001).

3.2 Correlation analysis of HIF-1a,
VEGE and ET-1 in the treatment group

Serum HIF-1a and ET-1 levels were positively correlated
in the treatment group. HIF-1a was positively correlated with
VEGE and VEGF was positively associated with ET-1 (Table 3).

Table 1. Primer sequences.

Primer name
MusACTB_qgF
MusACTB_qR
MusHIF-1aa_qF
MusHIF-1aa_gR

Primer sequences (5’-3’)
TGCTGTCCCTGTATGCCTCTG
TTGATGTCACGCACGATTTCC

TTCTCCAAGCCCTCCAAGTATG
TGATGCCTTAGCAGTGGTCGTT

MusET-1_qF TGTTCCCTAGCCTGTCTGCG
MusET-1_gR TCGCCCTGCTGTGGAATCTC
MusVEGF_gF TGTCACCACCACGCCATCA

MusVEGF_gR ACGAATCCAGTCCCACGAGG
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3.3 Comparison of HIF-1a, VEGE,
and ET-1 expressions in the lung tissues

The IOD values of HIF-1a, VEGE and ET-1 as measured
by immunohistochemical staining (Figure 1) in the control
group continued to increase after model establishment, while
their IOD values decreased in the treatment group and tended
to decrease over time with a significant difference (P < 0.001)
(Table 3). In addition, the T2 group had significantly lower levels
of HIF-1a, VEGEF, and ET-1 than the T1 group at the same time

point (P < 0.001) (Table 4).

Table 2. Comparison of serum HIF-1a, VEGE and ET-1 concentra-

tions in mice of each group (pg/mL, n = 8).

QIN et al.

Group Day 7 Day 10 Day 14

C group 17.27+1.83 17.57+1.59 18.90+1.91
HIF-1a Tlgroup 1545%1.94 13.27£2.31" 13.66 £2.61

T2 group  13.82+2.42° 13.21£2.46 13.49£2.24

C group 13.94+2.79 13.92+2.23 14.12+£2.00
VEGF  Tlgroup 10.79+1.69° 10.42+1.72 9.34+£0.94

T2 group 8.06+1.52  7.08+1.40™  633+1.10™

Cgroup  46.30%+1.45 46.35+£0.94  47.45%2.35
ET-1 Tlgroup 42.50+1.18°  40.48+2.44"  40.80+2.20°

T2 group 39.37+2.05* 36.4412.30%° 36.64 +2.03°

Compared with the C group, *P < 0.001; compared with the T1 group; “P < 0.001

°P > 0.05.

Table 3. Correlation of HIF-1la, VEGE and ET-1 in the treat-

ment groups.

. Day 7 Day 10 Day 14
Project
r p r p r p
HIF-laand VEGF 0.366 0.086 0.497* 0.019 0.607*  0.002
HIF-laand ET-1 0424* 0.044 0.527% 0.013 0.0.715* <0.001

VEGF and ET-1

0.698* <0.001 0.726*

<0.001 0.853*

<0.001

*Correlation coefficient, P < 0.05 or P < 0.001.

Figure 1. Immunohistochemical staining of HIF-1a, VEGEF, and ET-1

in mouse lung tissue on day 7.
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3.4 Correlation analysis of HIF-1a, VEGE
and ET-1 expression in the treatment group

In the treatment group, HIF-1a was positively correlated
with VEGF or ET-1, and VEGF was positively correlated with
ET-1 (Table 5).

3.5 Comparison of mRNA level of HIF-1a,
VEGE, and ET-1 in the mouse lung tissue

The average absorbance ratio of mRNA level of HIF-1a,
VEGE and ET-1 was increased in the control group from days
7 to 14 (Table 6). However, the ratio was significantly decreased
in the treatment group compared with the control group at
the same time point with a tendency to decrease over time
(P < 0.001). Moreover, the T2 group had a significantly lower
ratio of HIF-1a, VEGE and ET-1 mRNA than the T1 group at
the same time point (P < 0.001) (Table 6).

Table 4. Comparison of HIF-1a, VEGE and ET-1 expressions in lung
tissues of mice (n = 8).
Group Day 7 Day 10 Day 14
Cgroup 168.28+3.64 173.60+3.39 190.06 £3.58
HIF-1la Tlgroup 146.08+1.77° 139.13+£3.36" 145.74+491"
T2 group 142.03+3.56™ 136.76+1.48"" 135.14 +3.34"
Cgroup 142.49+3.88 156.32+2.35 165.21%3.56
VEGF  Tlgroup 125.53+£519" 113.97£4.00° 105.85+1.65
T2 group 94.53+2.84™ 86.95%+3.02% 63.59+£2.39
Cgroup  295.58+4.83 299.95+7.17 313.79%6.79
ET-1 T1group 272.07£3.65 246.58+3.18 195.81£2.59
T2 group 243.67£3.73* 211.63+4.77* 165.17 £2.93"
Compared with the C group, "P < 0.001; compared with the T1 group, *P < 0.001.

Table 5. Correlation of HIF-1a, VEGEF, and ET-1 expression in the
treatment group.

Day 7 Day 10 Day 14
r P r P r p
HIF-laand VEGF 0.818* <0.001 0.924* <0.001 0.961* <0.001
HIF-laand ET-1  0.927* <0.001 0.925* <0.001 0.983* <0.001
VEGFand ET-1  0.941* <0.001 0.988* <0.001 0.976* <0.001

*Correlation coeficient, P < 0.001.

Indicators

Table 6. Mean absorbance ratio of the mRNA of HIF-1a, VEGE and
ET-1 in the lung tissue (1 = 8).
Group Day 7 Day 10 Day 14
C group 3.89+0.54 5.6210.61 8.13+£0.74
HIF-1a  T1 group 5.93+0.37 3.66 £ 1.04" 3.68 £0.64
T2group 447+0.70"  3.394+0.99"  3.43+0.61"
C group 1.421+0.16 1.75+0.24 2.29+0.04
VEGF T1 group 22410210 1.52 £0.06 1.49£0.14°
T2 group 1.68+0.23™ 1.47 £0.07°4 1.14+0.06™
C group 3.11+£0.76 2.90+0.99 5.38%+0.93
ET-1 T1 group 3.54+0.43" 2.61£0.62 2.87 £0.56’
T2 group  2.35+0.33™ 2.06 £0.46™ 2.07 £0.47%
Compared with the C group, "P < 0.001; compared with the T1 group, *P < 0.001.
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3.6 Correlation of the mRNA level of HIF-1a,
VEGE and ET-1 in lung tissues of the treated group

HIF-1a mRNA level was positively correlated with VEGF
mRNA or ET-1 mRNA, and VEGF mRNA was positively cor-
related with ET-1 mRNA (Table 7).

4 DISCUSSION

In our study, CIH mice were treated with different doses
of ginsenoside Rg1 and the results showed that the expression
of HIF-1a, VEGE, and ET-1 was significantly reduced with the
higher dose being more effective than the low dose, indicat-
ing that ginsenoside Rgl might be used for the treatment of
CIH-induced lung injury.

The possible mechanisms of ginsenoside Rg1’s effect might
be the following. (1) Possibly through regulation of the pul-
monary artery smooth muscle cells, calcium pool modulates
calcium influx. Intracellular calcium exerts an effect on dilating
blood vessels in order to improve the local tissue hypoxia. In-
tracellular reactive oxygen species (ROS) is the initiating factor
for the upregulated levels of transcription factors in vascular
endothelial cells and can cause further activation of proline
hydroxylase (prolylhydroxylase, PHD), which enables the rapid
degradation of HIF-1a in vivo, leading to reduced expression
of the downstream target genes VEGF and ET-1 (Truty et al.,
2021; Yang et al,, 2022). (2) K* channels play a role in main-
taining the stable potential of vascular smooth muscle cells
and regulating the balance of free calcium ion concentration
(Maniscalco et al., 2016; Tyrrell et al., 2016). There are four K*
channels on pulmonary vascular smooth muscle cells: ATP-sen-
sitive potassium (mitoKATP), Ca**-activated potassium (K_),
voltage-gated potassium (K ), and internal rectifier potassium
(K,). Ginsenoside Rgl may inhibit mitochondrial mitoKATP
that controls mitochondrial membrane potential, downreg-
ulate H,O, production by mitochondria, and further inhibit
the expression of HIF-1a. (3) Release of NO and prostacyclin
can inhibit the expression of endothelin convertase (Domann
et al., 2000; Duan et al., 2011; Duong et al., 2016; Eisenhauer
etal., 2009). Ginsenoside Rg1 can also upregulate NOS mRNA
expression and promote NO production (Grimm et al., 2020;
Tang & Zhang, 2020). NO is generated by the amino acid L-ar-
ginine and its activation in vascular smooth muscle cells causes
a massive increase in guanosine phosphate in inner cells (Ding
etal,,2011). NO can also inhibit ET-1 and phospholipase C and
A2 and protein kinase C, including c-fos, c-jun, and c-myc. Pro-
motion of the NO synthesis inhibits ET-1 synthesis and release
and pulmonary vasoconstriction as well as vascular remodeling
due to active factors .

Table 7. Correlation analysis of HIF-1a mRNA, VEGF mRNA, and
ET-1 mRNA expression in the lung tissues of the treated group.

Indicators Day 7 Day 10 Day 14

r p r p r p
HIF-laand VEGF 0.640* 0.001 0.513* 0.010 0.781* <0.001
HIF-laand ET-1  0.356 0.087 0.329 0.117 0.779* <0.001
VEGF and ET-1 0.514* 0.010 -0.138 0.521 0.649* 0.001

*Correlation coefficient, P < 0.05 or P < 0.001.

In conclusion, ginsenoside Rgl can inhibit the expression
of HIF-1a, VEGE and ET-1 and therefore might improve the
damage of pulmonary arterioles induced by CIH, indicating
that it might be used as a novel treatment approach for treating
lung injury induced by CIH.
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