Research Paper

Ginsenoside Rd Attenuates Lung Ischemia/Reperfusion Injury
in Mice via Regulating Mitochondrial Function

SIWEI YU* AND QIONG SONG'

Department of Critical Care Medicine, Shanghai Electric Power Hospital, Changning, Shanghai 200031, '‘Department of Critical Care

Medicine, Pudong New District Gongli Hospital, Shanghai, China

Yu et al.: Ginsenoside Rd Attenuates Lung Ischemia/Reperfusion Injury

In emergency and critical care medicine, lung ischemia-reperfusion injury is a prevalent disorder, which
has significant morbidity and mortality. However, there is still a lack of effective means to block the lung
ischemia-reperfusion injury. Established the lung ischemia-reperfusion injury model of mice; lung injury
and histological analysis scoring were helpful to assess pathological injury in lung tissue; using an enzyme-
linked immunosorbent assay kit, expressed interleukin-6 and interleukin-1 in bronchoalveolar lavage fluids
was determined. Seahorse analysis was used to examine the oxygen consumption rate and production of
adenosine triphosphate. The expression of mitochondrial function-related genes was detected by real-
time polymerase chain reaction; commercially available assay kits used for find the malondialdehyde
production and catalase activity; apoptotic cells were detected using terminal deoxynucleotidyl transferase
dUTP nick end labeling and protein expression was discovered using Western blotting. Ginsenoside
alleviated the pathological changes caused by lung ischemia-reperfusion injury and reduced the lung
injury score; ginsenoside Rd therapy reduced inflammatory cell infiltration significantly decreased lung
bronchoalveolar lavage fluids interleukin-1 and interleukin-6 levels; ginsenoside Rd also increased the
respiratory rate and the adenosine triphosphate production and regulated mitochondrial-related gene
expression. Moreover, ginsenoside Rd ameliorated the lung ischemia-reperfusion injury-associated
decrease in superoxide dismutase 2 expression, increase in malondialdehyde content and reduction in
catalase activity. Additionally, ginsenoside Rd decreased lung ischemia-reperfusion injury-induced
apoptosis. Ginsenoside Rd regulates the mitochondrial activity and thus protects against lung ischemia-

reperfusion injury.
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The Acute Lung Injury (ALI) known as life-
threatening disease with high rates in morbidity and
mortality. Reactive Oxygen Species (ROS) involved
in pathogenesis of ALI. Lung Ischemia-Reperfusion
Injury (LIRI) is a cause of the high mortality and it
is widespread case of emergency and critical care
medicine, with increased rates of pulmonary embolism,
cardiopulmonary  bypass and cardiopulmonary
resuscitation in patients receiving lung transplants
and pulmonary thrombosis!!*. Pathogenesis nature of
LIRI is extremely difficult. Inflammation, oxidative
stress, intracellular calcium excess, protease release
and the depletion of protective mediators including
lung surfactant and Nitric oxide (NO) have all been
linked to it in studies*”. However, there are currently
no viable treatments for LIRI. Therefore, increasing
attention has recently been given to investigating the
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pathophysiologic process of LIRI and identifying better
treatments.

Mitochondrial dysfunction and damage are firmly and
directly related to the pathogenesis of LIRI®. Since
early 1960s, mitochondrial dysfunction was reported
in cells of the lung in individuals and in experimental
models of chronic and acute respiratory diseases. But
it was only with the emergence of more useful tools
and method that mechanism of this enigmatic organelle
regulating cellular homeostasis in lung.

Mitochondria not only act as the “engines” of body cells
but also produce ROS. It regulates the biosynthesis of
intracellular calcium, iron and sulfur and participates
in the transduction of intracellular signals of activities
such as apoptosis!!”. ROS levels rise dramatically
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after reperfusion. Endogenous ROS can cause the
permeability transition pore of mitochondria to be
open, allowing Cytochrome c¢ (Cyto ¢) and to enter
the cytoplasm, where they work together to activate
caspase and initiate apoptosist®!!.

Ginsenoside Rd (GSRd) is a kind of ginsenoside that
is mainly extracted from Panax ginseng (P. ginseng)
or Panax notoginseng. It is an important bioactive
substance in P. ginseng and is often used to prevent
and treat ischemic and degenerative diseases of the
central nervous system!'?l. According to recent studies,
numerous functions of GSRd include anti-inflammatory,
anti-apoptosis, anti-cancer, anti-oxidative stress and
induction of neurogenesis!*'®, Notably, GSRd can
ameliorate tissue damage and inhibit neuronal apoptosis
caused by Ischemia/Reperfusion (I/R) through its
antioxidation activity!'”. GSRd has been found in
studies to successfully by lowering mitochondrial
damage to neurons, it can prevent oxidative stress-
induced nerve cell damage, assist energy metabolism
system reconstitution and inhibit neuron death, making
it a neuroprotective agent!"®!. However, it remains
unclear whether GSRd could ameliorate LIRI and
whether this beneficial effect involves regulation of the
mitochondrial damage. Therefore, this study’s objective
was to investigate in a mouse model the preventive role
on LIRI and the mechanism underlying it.

MATERIALS AND METHODS

Drugs and reagents:

Tai-He Biopharmaceutical (Guangzhou, China)
provided the GSRd, while cell signaling technology
gave all of the antibodies (Danvers, MA, USA). The
Terminal deoxynucleotidyl transferase dUTP Nick End
Labeling (TUNEL) assay was acquired from Kangwei
Biotechnology (Beijing, China); Lianke Biotechnology
supplied the Interleukin (IL)-6 and IL-1 Enzyme-Linked
Immunosorbent Assay (ELISA) kits; and Nanjing
Jiancheng Bioengineering Institute (Nanjing, China)
provided the Malondialdehyde (MDA) production and
Catalase (CAT) activity assay kits (Hangzhou, China).
Sigma—Aldrich provided the pentobarbital (MO, USA).
Other reagents purchased from Invitrogen. Primers
were conducted by Sangon Biotechnology (Shanghai,
China).

Animals and study groups:

C57BL/6 mice (weighing 20-25 g) were donated
by SLAC Laboratory Animal Co. Ltd (Shanghai,
China). All the animal testing was done according
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with approved protocols that were approved from
Ethics Committee. The six groups; sham, I/R, I/
R+saline, I/R+GSRd (10 mg/kg), I/R+GSRd (40
mg/kg) and I/R+GSRd (100 mg/kg) were chosen at
random to receive the mice. The mice in the sham
group also weren't clamped and only subjected to the
left pulmonary. Mice in I/R+GSRd categories were
injected intraperitoneally with varying amounts of
GSRd 3 d prior to ischemia. Mice in the I[/R+saline
group received an intraperitoneal injection of the
same quantity of saline 3 d prior to ischemia. The
lung I/R model created accordance to Fei et al.
methods!". The animals were anaesthetized by using
pentobarbital (50 mg/kg) and after being clamped for
an hour, the left pulmonary hilum underwent 6 h of
reperfusion. The left lung was excised for additional
research after modeling.

Histological analysis and lung injury scoring system:

Before being sliced in 5 m slices, the lung tissues
preserved by using 4 % paraformaldehyde up to 24 h.
Next, paraffin-embedded lung sample were stained by
using Hematoxylin and Eosin (HE). Similar to how it
was previously described, lung damage was graded!"’..
Firstly, the degree of inflammatory cell aggregation
or infiltration in vessel walls or air space: 1 suggests
only a wall, 2 shows rare cells in the air space, 3 shows
moderate and 4 represents severe (congested air space).
Secondly, the severity of hyaline membrane formation
and interstitial congestion in the lungs: 1=normal lung,
2=mild (>25 % of lung section), 3=intermediate (25
%-50 % of lung section) and 4=severe (>50 % of lung
section). Hemorrhage was the 3™ criterion: 0 means no
bleeding and 1 means it was present. Six fields were
evaluated at 400 magnifications for each mouse. Two
pathologists were blind to the animal category and
evaluated the samples separately.

Ratio of lung Dry/Wet (D/W) weight:

Lung W/D weight ratio was used as an index of
lung water accumulation after the instillation of the
Adenosine Triphosphate (ATP). The animals were
dissected under sevoflurane anesthesia and the lung
weight was measured immediately after its excision
(W weight). 6 h after reperfusion, the left lung's moist
weight was determined. The lung specimens were then
dried and incubated at 60° for 96 h.

Real-Time quantitative Polymerase Chain Reaction
(RT-qPCR):

In accordance with the directions provided by the
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PrimeScript RT reagent kit, total Ribonucleic Acid
(RNA) was extracted from lung tissues (TaKaRa,
Japan) and the reaction system was configured
for reverse transcription into complementary
Deoxyribonucleic Acid (cDNA). Then reverse
transcription-PCR was carried out as shown in Table
1.

ELISA:

The supernatant was collected for ELISA and the
Bronchoalveolar Lavage Fluids (BALFs) centrifuged
at 4° (400 g, 15 min). Following the manufacturer's
instructions, the ELISA kits used to measure levels
of IL-6 and IL-1.

Inflammation cells counts:

Under an optical microscope, neutrophils, total cells
and BALFs from each group's lungs were counted
using a cell counting plate.

Oxygen Consumption Rate (OCR) and ATP
production:

Following the instructions of the manufacturer,
2 mm pieces of lung tissue were injected into the
XF24 hippocampus plate and the Seahorse XF24
extracellular flux analyzer was used to assess the
OCR (Seahorse Bioscience, North Billerica, MA,
USA).

CAT activity and MDA content:

A commercially available MDA assay kit and a CAT
assay kit were used to detect MDA generation and
CAT activity in tissue, respectively, according to the

TABLE 1: THE PRIMERS OF GENE

manufacturer's methods.
TUNEL staining:

According to manufacturer's instructions, TUNEL
tests utilized to compare the rates of apoptosis
in various groups. The total cells were assessed
by 4'.6-diamidino-2-phenylindole labeling and
TUNEL-positive cells were numbered under five
non-continuous for each category. A laser scanning
confocal microscope Zeiss LSM800 used to evaluate
the slides (Zeiss, Wetzlar, Germany).

Western blotting:

Content of lung tissue proteins was quantified with
the help of a bicinchoninic acid protein test Kit.
The proteins were separated using sodium dodecyl-
sulfate-polyacrylamide gel electrophoresis before
being transferred to a poly vinylidene fluoride
membrane. After the secondary antibody had been
incubated up to 1 h at room temperature, the primary
antibody had been incubated on the membrane for
an entire night at 4°. Using an increased detection
enhanced chemiluminescence method, the protein
bands were located.

Statistical analysis:

At least three repetitions are run through each
experiment. The Statistical Package for the
Social Sciences (SPSS) 22.0 statistical analysis
programmed was used. The difference in variables
among the experimental and control groups were
ascertained using the student's t-test. A difference
that is statistically significant is one with a p<0.05.

Gene Forward Reverse

Drp1 ATGCCAGCAAGTCCACAGAA TGTTCTCGGGCAGACAGTTT

Fis1 CAAAGAGGAACAGCGGGACT ACAGCCCTCGCACATACTTT

Mfn2 TGCACCGCCATATAGAGGAAG TCTGCAGTGAACTGGCAATG

OPA1 ACCTTGCCAGTTTAGCTCCC TTGGGACCTGCAGTGAAGAA

GAPDH TTCCCGTTCAGCTCTGGG CCCTGCATCCACTGGTGC
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RESULTS AND DISCUSSION

Mice with lung I/R acquire serious pathological
abnormalities in their lungs. HE staining was used
to assess and score morphological alterations in lung
tissues (fig. 1A and fig. B). According to the findings of
HE staining, the sham group's lung tissue had a typical
organized architecture without any oedema, lesions or
infiltration of inflammatory cells into the pulmonary
stroma and alveolar cavity. Alveolar haemorrhage,
interstitial oedema and inflammatory cell infiltration
were all present in I/R group's lung tissue. A dose-
dependent level of pathological alterations alleviation
was seen in the GSRd group. Additionally, the D/W
ratio was decreased in I/R group when compared to the
sham group and GSRd had dose-dependent effects to
partially reverse this (fig. 1C). The D/W weight ratio is
an indicator of lung oedema. These results confirmed
that GSRd attenuated LIRI-induced pulmonary injury.

Consistent with the lung pathological injury caused
by LIRI, an excessive inflammatory response was
observed®?®. The inflammatory response was measured
using the number of total cells and neutrophils in
BALFs, as well as the IL-6 and IL-1 concentrations. By
using ELISA to detect IL-6 and IL-1 protein levels, I/R
group showed noticeably greater levels of both, as well
as a higher number of the total cells and neutrophils
evaluated by cell count in BALFs than the sham group,
in a dose-dependent way, GSRd partially counteracted
this impact (fig. 2). Findings demonstrated that GSRd
can attenuate LIRI-induced inflammation response.

An analysis of the OCR by Seahorse assay performed
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to determine the GSRd affects the mitochondrial
function of lung tissue. The results showed that the
I/R group had considerably lower maximal respiration,
spare respiration and ATP generation than the sham
group, but that the I/R-induced declines were dose-
dependently mitigated by GSRd (fig. 3). Mitochondrial
fission and fusion in a dynamic balance is also an
important index of normal mitochondrial function. Our
results showed that compared to the sham condition,
mitochondrial fission proteins Dynamin-related protein
1 (Drpl) and Fission protein 1 (Fis1) both may express
genetically more favorably under the influence of LIRI,
but Mitofusins 2 (Mfn2) and Optic Atrophy 1 (OPA1)
may not (mitochondrial fusion proteins). In a dose-
dependent way, GSRd partially restored this effect (fig.
4). These results indicated that GSRd protective effect
on LIRI was linked to its modulation of mitochondrial
activity.

LIRI is linked to excessive oxidative stress? and it
is still unclear whether GSRd could regulate LIRI-
induced oxidative stress. Therefore, we investigated
the expression of Superoxide Dismutase 2 (SOD-
2), the MDA content and the CAT activity in various
populations. The results demonstrated that LIRI
inhibited SOD-2 protein levels and CAT activity in
comparison to the sham group, in a dose-dependent way,
GSRd partially counteracted this impact. As anticipated,
the LIRI increased MDA levels in comparison to the
sham group and GSRd partially restored this effect
in a dose-dependent way (fig. 5). According to these
results, GSRd might shield mice from LIRI by halting
the oxidative harm the virus causes.
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Fig. 1: (A): Representative HE for each group of mice was shown; (B): Histological lung injury score was evaluated for each group and (C):

Lung D/W ratio for each group

Note: #p<0.05 while comparing to the I/R group; *p<0.01 and ***p<0.001 as contrasted to the control category
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Fig. 2: (A and B): Pro-inflammatory cytokines levels (IL-1f, IL-6) in BALFs was measured by ELISA for different groups and (C and D): Cell
counts were used to determine the amount of total cells and neutrophils in BALFs for various groups
Note: #p<0.05 while comparing to the I/R group; *p<0.01 and ***p<0.001 as contrasted to the control category
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Fig. 3: (A): The mitochondrial respiration energy map of each group; (B): OCR for maximal respiration; (C): OCR for spare respiration and (D):

ATP production
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Fig. 4: The mRNA level of Drp1, Fis1l, Mfn2 and OPA1 was measured by RT-qPCR for different groups
Note: “p<0.05 while comparing to the I/R group; *p<0.01 and ***p<0.001 as contrasted to the control category
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Fig. 5: (A): Protein quantification of SOD-2 in lung tissues using Western blot for different groups and (B and C): MDA levels and CAT activity were

analyzed using the relevant Kits for different groups

Note: *p<0.05 while comparing to the I/R group; *p<0.01 and ***p<0.001 as contrasted to the control category

Because apoptosis appears to play a crucial role in
LIRI®!Y, after GSRd treatment, the amount of apoptosis
was measured. To begin, the number of LIRI-apoptotic
cells determined using a TUNEL labeling test were
used. As seen in fig. 6, there were more TUNEL-
positive pulmonary epithelial cells in I/R group than in
the sham group. In I/R+GSRd groups, the proportion
of the positive cells was significantly reduced. Then,
using a Western blot, we looked at the apoptosis-related
proteins. Fig. 7 demonstrates that compared to the
sham group, I/R group had increased levels of Cyto c,
Bcl-2-Associated X Protein (BAX), cleaved-caspase-9
and cleaved-caspase-3 expression. GSRd, in a dose-
dependent way, partially reversed this effect. These
findings suggested that GSRd could alleviate LIRI-
induced apoptosis.

In a number of neurological illnesses, GSRd, the
active ingredient in ginseng, has been found to have
neuroprotective properties. In rats with acute localized
cerebral ischemia, GSRd reduces inflammatory injury
and as a result, oxidative DNA and protein damage,
lipid peroxidation and endogenous antioxidant system
activity consumption!'’. Oedema and inflammatory
cell infiltration driven by IL-1 and IL-6 characterize
LIRI®Z821 The pathogenesis of LIRI is based on the
activation and inflammatory mediators are released in
significant quantities, which causes an inflammatory
response, resulting in impairment of endothelial
barrier functions such as capillary endothelial cells and
alveolar epithelial cells, resulting in pulmonary oedema,
hypoxemia and other manifestations, eventually leading
to a series of respiratory crises?'*2. This research
showed that GSRd has a protective effect against LIRI
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using a mice model. In our study, the pathological
harm, which included interstitial oedema, alveolar
haemorrhage, extensive inflammatory cell infiltration
and an elevated D/W weight ratio was alleviated by
GSRd. Generally, the D/W weight ratio is an indirect
index for pulmonary oedema.

Mitochondrial damage is an important event in the
progression of LIRI?*?!, The reduction of ATP will
directly affect the sodium pump function of the cell
membrane, leading to mitochondria swelling and
disintegration, endoplasmic reticulum swelling and
vesicle formation, and finally lysosome rupture and
autolytic enzyme release!®’). The OCR can be analyzed
to study mitochondrial oxidative phosphorylation. We
found that GSRd increased the respiratory rate and ATP
generation in lung tissues following I/R. As a result,
it is believed that prompt and effective intervention
methods to correct the original mitochondrial fusion
and division movement and produce a new ecological
balance to adapt to the environment will slow the
disease's progression. Compared with I/R induction
alone, GSRd treatment reduced mRNA expression
of mitochondrial division genes such as Drpl and
Fisl and increases mitochondrial fusion gene mRNA
expression, such as Mfn2 and OPA1. This research
showed that mitochondrial biogenesis markers can be
regulated by GSRd.

Mitochondria help to integrate and circulate the
intracellular death signals such as oxidative stress and
apoptosis?*. Cells create a complex antioxidant defense
system to protect the organism from oxidative damage,
which includes SOD, CAT, GSH and other enzymes.
SOD converts oxidative anions into hydrogen peroxide

Special Issue 1, 2023
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and CAT converts hydrogen peroxide into the water;
thus, the toxic superoxide anions and hydrogen peroxide
are converted into harmless water molecules®. When
the function of mitochondria is damaged during LIRI,
a huge amount of oxygen free radicals are produced
in the lungs, resulting in increased production of the
lipid peroxidation product MDA, damage to the free
radical defense system, declines in the antioxidant
activities of SOD and CAT, and further aggravation of
tissue damagel®. Following I/R, MDA levels increased,
SOD-2 levels decreased and CAT activity decreased in
the lungs of mice, showing that LIRI induced severe
oxidative stress. This phenomenon was effectively
suppressed via GSRd treatment. It indicates that
GSRd can increase the antioxidant capacity of lung

A PR

I/R+GSRd (10mg/kg)

R

Fig. 6: Histological images of TUNEL-stained cells for different groups

tissue, remove free radicals promptly and reduce
lipid peroxidation to protect lung tissue from I/R
injury. Furthermore, we found that GSRd inhibited
LIRI-induced apoptosis BAX, cleaved-caspase-9 and
cleaved-caspase-3 expression is down regulated while
Bcl-2 expression is up regulated after taking Cyto c.
The advantage of this conducted study was to show the
role of GSRd in reducing LIRI in mice. But there are
also limits, such as there are no clinical species, which
still needed further experiment.

In conclusion, GSRd reduces LIRI in mice and the
mechanisms underlying this protective effect may be
linked to mitochondrial function modulation, according
to the findings. Therefore, GSRd may have clinical
prospects for LIRI.
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groups

Note: #p<0.05 while comparing to the I/R group; *p<0.01 and ***p<0.001 as contrasted to the control category
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