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ABSTRACT

Objectives:  Acute lung injury is commonl y found in patients with insecticide poisoning and the pathogenesis is related to
oxidative stress. Ginsenoside Rg3, one of the main constituents of Panax ginseng C.A. Meyer, shows an anti -oxidative activity.
The aim of this study was to evaluate whether g insenoside Rg3 can alleviate lung injury induced by rotenone in mice.

Methods: C57BL/6J male mice were divided into five groups (n=11). The mice in ginsenoside Rg3 groups were treated with

ginse noside Rg3 at dose of 5, 10 or 20 mg/kg. Except for the contr ol group, mice were challenged intragastrically with rotenone

at dose of 30 mg/kg, once a day for 6 weeks. Subsequently, the lung tissues of mice were collected. The effect of ginsenoside

Rg3 on rotenone -induced lung injury was observed by hematoxylin and eosin staining. The oxidative stress in lung tissues were
also examined.

Results: Rotenone induced substantial hemorrhage, alveolar wall thickness and neutrophils infiltration. These structural

damages were attenuated significantly by ginsenoside Rg3 trea tment. The lung injury induced by rotenone was associated with
oxidative stress in lung tissues of mice. Compared with the control group, rotenone exposure resulted in the increase of
malondialdehyde (MDA), the decreases of the activities of superoxide dis mutase (SOD), glutathione peroxidase (GHS  -Px), and

the glutathione (GSH) content. Nevertheless, ginsenoside Rg3 treatment not only reduced MDA production but also increased

the activities of SOD, GSH -Px, and the content of GSH in lung tissue of mice.

Conc lusion: Taken together, this study demonstrated that ginsenoside Rg3 has potential to ameliorate rotenone -induced lung
injury and the mechanism of action of ginsenoside Rg3 is mediated by its anti -oxidative properties.
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INTRODUCTION @ ALI, initial state of acute respiratory distress syndrome
ARDS), presents mainly with acute respiratory
nsufficiency, which is implicated in alveolar epithelial
injury and capillary endothelial cell injury. Patients with

) - A : .. ALI/ARDS occupy for 10% in intensive care unit (ICU)
that the insecticide poisoning is the leading cause of SUICIdL?émd 4% in total inpatients. It is the main reason of mortality

worldwide ™. And insecticide poisoning induces more than in_critically ill %atients. Gearally, the mortality of patients

~ ) .
.2 0 0. ' 00 0 peop | e0s *.dBhistskveree Vwith ALl is L}/p 066(5%, which is a major medical issue to be
insecticide poisoning causes a damagergans of human

A)
body. The symptoms of insecticide poisoning are Coma’resolved so falf
renal injury, acute lung injury (ALI), and respiratory failure

nsecticide abuse causes a serious pollution to th
environment during agricultural activities. Moreover,
the data of World Health Organization (WHO) show
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Rotenone is used commonly as an insecticide in agricultureAnimals were randomly divided into five groups (n=11)
It has the effect of inhibiting mitochondrial complex | including the control, model, and ginsenoside Rg3 (5, 10,
which is an important miabolic enzyme involved in redox and 20 mg/kg) ups. Rotenone and ginsenoside Rg3 were
reactions®. The inhibition of mitochondrial complex | dissolved in 0.5% carboxymethycellulose sodium. Mice in
leads to mitochondrial dysfunction and trigger oxidative control and model groups were administered
stress occurrend&”). In animal experiments, many reports intragastrically with 0.5% carboxymethycellulose sodium.
demonstrated that lung injury of rat were indididey an ~ While mice in ginsenoside Rg3 groups were treated
exposure of rotenon&®. Previous study shows that intragastically with ginsenoside Rgat doses of 5, 10, or
oxidative stress is a key contributing factor for the lung 20 mg/kg. Two hours later, mice in the control group were
injury and the impairment of lung functiétf. Meanwhile, intragastrically with 0.5% carboxymethycellulose sodium
reactive oxygen speciésduced oxidative stress also plays again. Mice in the other groups were intragastrically
an importantole in the pathogenesis of respiratory diseaseschallenged with rotenone (30 mg/kg) induce the lung
@ Recently, researches demonstrate that usingnjury model. The treatment with ginsenoside Rg3 and the
antioxidants against oxidative stress reduces the airwaghallenge with rotenone were performed once a day for 6
inflammation in animal models of asthmd'?.  weeks.

Epigallocatechir8-gallate (EGCG), a catechin in gretea,
shows an antioxidant activity and therefore attenuates lun
injury “¥. Thus, reducing oxidative stress may be anMice were anesthetized with ketamine (90 mg/kg) and
effective strategy to against insecticide poisorimdpced  xylazine (5 mg/kg). The lung tissues were washeth w
lung injury. 0.9% saline and then they were fixed with 4%
paraformaldehyde. After dehydrated and embedded, the
lung tissues were consecutively cutinte4n t hi ck sect
for hematoxylin and eosin (H&E) staining. The

d—nstomorphology

Ginsenosides are the compounds extracted fRRanax
ginseng C.AMeyer. Up to date, more than 30 ginsenosides

including Rg3, Rg2, Re, and Rh2 were separdtéd . .
. . . . : / . pathological changes were evaluated by threbgbegists
Ginsenoside Rg3 is a tetracyclic triterpenoid saponin... e blinded to  the design with an inverted

Previous studies show that ginsenoside Rg3 possesses d . e (IX71, Olympus, Japan). The lung injury was
good many of pharmacological activities, sucs P . DIYMpUS, -Japan,. g injury

antioxidant™), anticancef*®, cardiovascular protectidt’, gqeg?ncéfgnebilorirgggn s;:lc\)/ gg?arcggsirtla:erﬁglrmgrgzx ZK/ae“(;Zr
immune improvement®, anttinflammation®™, and ant wall thickenin hem,orrha e, enrosi)s/ andginflamr;"nator
aging effects ®®. Ginsenoside Rg3 alleviates the 9, g ’ y

dopaminergic ner ve i njury ceII r{nf'ltrﬁt'gn The Sev%”tﬁ/ Iungdlpjtéryevglag gradeI%i ce

through its antioxidaneffects®*?? Ginsenoside Rg3 exerts from 0 to 4

an antioxidant activity and then ameliorates myocardial Oxidative Stress Measurement
ischemiareperfusion injury in rat&>. This study aims to
investigate whether ginsenoside Rg3 can ameliorate lun
injury induced by rotenone in mice.

xidative stress indicators in the lung tissues of mice, such

s MDA, SOD, GSH, and GHBx, were assayed according
to the manufacur er 8s i nstructions. B
MATERI ALS AND METHODS from eight mice in each group were weighed and
homogenized in phosphaliffered saline at a ratio of 1:10
(weight to volume). The homogenates were centrifuged at
Rotenone was purchased from Sigaddrich (St. Louis, 16, 000g at 4  for 10 min. The supernatant was used to
MO, USA). Ginsenoside Rg3 was provided by Dalian measure oxidative stress indicators. Data were expressed as
Fusheng Natural Medicine Development Co., Ltd. (Dalian, the absorbance after normalization by the protein content.
China). Carboxymethycellulose sodium was purChasedStatlsncal Analvsis
from Guangfu Fine Chemical Company (Tianjin, China). y
Malondialdehyde (MDA) kit (Lot. 20200508), superoxide Data are presented as theedh + SD. Experimental data
dismutase (SOD) kit (Lot. 20200508), glutathione (GSH) were analyzed by S5 19.0 statistical analysis (IBM
kit (Lot. 20200416), and glutathione peroxidase (GPS Corporation, Armonk, NY, USA). Differences among
kit (Lot. 20200416) were purchased from Nagj multiple groups were analyzed by OGway ANOVA
Jiancheng Bioengineering Institute (Nanjing, China). foll owed by Fi spbwlueds 0.0 983 t es
considered to indicate a significant difference.

Chemicals and Reagents

Animals
C57BL/6J male mice (1822 g) were from Jinan Pengyue RESULTS

Experimental Animal Breeding Company (Jinan, Chma)

The ani mal s wer e housed TrI?e efgect Oé %rrée%oﬁ'qe RgS onprcgepqpq}dém&%lung ree
conditions andotbmdefat:ute{n]&%'ﬁvlﬂq'cte a 12 hr

light/dark cycle, and hadd libitum access to a standard As shown in Fig. 1, the pathological section of lung tissues
animal diet. All procedures were performed in accordancein the control group demonstrated that the bronchial
with the National Institutes of Health Guide for the Care epithelial structure was complete, the structure of epithelial
and Use of Laboratory Animals (Publicationi 28, revised cells was normal and arrged tightly, and the alveolar

in 1986), and the protocols were approved by the Ethicsstructure was clear. Furthermore, there was no obvious
Committee of Yantai University (No. BBCYU-19). thickness of the alveolar wall and inflammation in the
control group. However, substantial hemorrhage, alveolar

Experimental Design . .
perimental Desig wall thickness, and neutrophils infiltration were obserived
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the model group. Treatment with ginsenoside Rg3significantly (©<0.01). However, treatment with
alleviated the rotenor@duced lung injury. Especially, ginsenoside Rg3 at dose of 5, 10, and 20 mg/kg decreased
there were only slight alveolar epithelial cell hyperplasiathe gore of lung injury when compared with that of the
and alveolar septal thickness in the lungs of the mice ofmodel group [§<0.01). These results demonstrated that
ginsenoside Rg3 at dose of gty/kg group. The score of ginsenoside Rg3 had a property to alleviate the lung injury
lung injury was shown in Fig. 2. Compared with the control induced by rotenone in mice.

group, the score of lung injury in the model group increased

v . 4 .
N . ¢ A “

Fig. 1. The effect of ginsenoside Rg3 on rotenoieduced lung injury in mice. Lung histopathology of mice stained with H (n=3). A, Control; B,
Model; C, Ginsenoside Rg3 5 mg/kg; D, Ginsenoside Rg3 10 mg/kg; E, Ginsenoside Rg3 20 mg/kg, (x100). F, Control; G, Biodehdside Rg3 5

mg/kg; |, Ginsenoside Rg10 mg/kg; J, Ginsenoside Rg3 20 mg/kg, (x400). Red arrowheads indicate hemorrhage, yellow arrowheads indicate alveolar wall
thickening and alveolar epithelial cell hyperplasia, black arrowheads indicate inflammatory cell infiltration.
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Fig. 2. The effet of ginsenoside Rg3 on rotenoniduced lung injury in mice. The score of lung injury. Data were expressed as the Mean + SD (n = 3).
Statistical analyses were performed using-@®y ANOVA f ol | owed Ipy0.0Fdommparedrwihsthe caBt@toup;e*p<0.0Icomhpared

with the model group.

The effect of ginsenoside Rg3 on SOD activity in the SOD is an important antioxidant enzyme and presents a

lung tissues property to against oxidative stress. As shown in Fig. 3,
the SOD activity of model groupias lower than that of
the control group g<0.01). However, treatment with
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ginsenoside Rg3 at dose of 10 and 20 mg/kg markedly (p<0.05 or 0.01).
increased the SOD activity in the lung tissues of mice

40
S 30
=
[=T 1]
E)E- 20 ##
=
S 104
0_
> > C3 CH CH
o D ¥ N Nt
& S ) )
¢S > & RS

Ginsenoside Rg3

Fig. 3. The effect of ginsenoside Rg3 on SOD activin the lung tissuesBar graphs of SOD activity in lung tissue. Data were expressed as the Mean +
SD (n = 8). Statistical analyses were performed usingwaey ANOVA f ol | owed b p<0.(Ricampazed dvith the Sobtrol tgeup;t . ##

*p<0.05, **p<0.01 compared with the model group.
The effect of ginsenoside Rg3 on GSRx activity and (p< 0.05 orp< 0.0]). Consistently, GSH in the lung tissues
of model group was also decreased when compared with

GSH content in the lung tissues

. . the control group @<0.01, Fig.J. Treatment with
Is?gﬁ;géallr;tlyc/;svHvE gnacég/g%:rfeghewq:ﬁd?hgrocuopnt?glcr(;?gss ginsenoside Rg3 at dose of 5, 10 and 20 mg/kg increased
(p<0.01). Ginsenoside Rg3 gumented the GSHPx activity teGSgntent in the lung tissuep<0.05 orp< 0.0).
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Fig. 4. The effect of ginsenoside Rg3 on GSPk activity in the lung tissuesBar graphs of GSHPx activity in lung tissue. Data were expressed as the
foll owed Ipy0.0Fcdorsparedrwihsthe boBtiol gtowps t . # 4

Mean + SD (n = 8). Statistical analyses were perégtmsingOnavay ANOV A
*p<0.05, **p<0.01compared with the model group.
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Fig. 5. The effect of ginsenoside Rg3 on GSH content in the lung tissuBar graphs of GSH content in lurigdue. Data were expressed as the Mean *
SD (n = 8). Statistical analyses were performed usingaegy ANOVA f ol | owed b p<O.(Hicampazed dvith the Sobtroltgeup;t . ##
*p<0.05, **p<0.01compared with the model group.

The effect of ginsenosid Rg3 on MDA content in the  (p<0.0). Compared with the model group, the MDA
lung tissues content in ginsenoside Rg3 groups was decreased
significantly  (p<0.0). The results indicated that
]ginsenoside Rg3 alleviates rotenénduced lung injury in
mice by its antoxidative properties.

MDA is a parameter reflecting the degree of lipid
peroxidation. As shown in Fig. 6, there was an increase o
MDA in the lung tissues of the mice of the model group
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Fig. 6. The effect of ginsenoside Rg3 on MDA content ihé lung tissuesBar graphs of MDA content in lung tissue. Data were expressed as the Mean +
SD (n = 8). Statistical analyses were performed usingwaey ANOVA f ol | owed b p<O0.(Ricampazed dvith the Sobtrol tgeup;t . ##
** p<0.01compared wittthe model group.

DISCUSSION mechanisms include inflammation, oxidative stress, and
In this study, rotenone exposure caused a severe lung injurgpoptosis?®32. Accordingly, rotenonénduced lung injury
and an oxidative stress of lung in mice. However, was implicated in thencrease of ROS under the condition
ginsenoside Rg3 alleviated the lung injury induced by of oxidative stress“® Although lung has its antioxidant
rotenone. Further experiments demonstrated that thesystem, excessive ROS will result in the damage of
mechanisnof action of ginsenoside Rg3 is mediated by its epithelial cells of lung®3*. Moreover, clinical studies also
antioxidative properties. demonstrated that ROS plays a vital roleainvay tissue

damage of patient!’. Emerging evidence suggests that

Insect_icides, such as rotenone_, or_nethoate, N Ioarathiogxidative stress was one of the main factors which causes
and dichlorvos, can cause oxidative stress and severe lunl%ng injury 5. Thus, oxidative stress plays an

damagée®*?®. Researches have demonstrated that exposure

of insecticides for long time caused pulmonary im airmentsIndiSpensabIe role in the occurrence and development of
. . - 07) . pulmonary Imp lung injury induced by rotenone. Therefore, reducing
in mice and rabbits“"”. Besides, oxidative stress and

inflammation in lung were major features in the ox_idative stress and/or ir&m_sing antioxida_nt_capacity are

insecticideschallenged rats @, Rotenone is mainly Plmary treatment strategies for alleviatingtenone

extracted from the roots and étemsl inchocarpusand !nducedlung injury. Cells_ can also prevent OX.Id.Qtlve stress

Derris species? It i | d i ficide | induced damage by increasing the activities tbe
pecies™. It is a commonly used insecticide in

agriculture. Previous studies indicated that rotenone couIaanthdeant enzymes *. The antioxidant enzymes,

cause a mitochondrial dysfunction, which is implicated in Including GSHPx and SOD, can scavenge ROS and
e all lal dystun ’ P 'therefore prevent the damage of oxidative stt85<GSH is
the inhibition of mitochondrial electron transport chain

complex @ Therefore, the leak of electrons from a cardinal antioxidant in cells and it protects cells against

mitochondriawill react with oxygen and produce reactive exogenous and endogenous taxincluding ROS and

. ; ._nitrogen species. Previous study showed that ovalbumin
OXygen Species (ROS). R.OS .Ieads to .the .m'toghond”aﬂhalation increased the ROS generation in bronchoalveolar
disorders, abnormal nucleic acids, protein misfolding, and

disorders of lipid metabolism. Previousidy showed that lavage fluids. But the augment of GSH content significantly

rotenone caused the injury of lung in mouse mof8lsin reduced the lung injury induced by the ovalbumin

this study, histopathology evaluation was performed toinhalation . MDA is a stable product of lipid
determine ,the lung injury in the roteneckallengednice. peroxidation of cells and therefore is the most frequently

The results showed that rotenone exposure induced a sevelrJsed biomarker of oxidative stress. In this study, rotenone
. ) . . P e§<posure resulted in the increase of MDA, the decreases of
damagein lung tissue of mice, includingemorrhage and

alveolar wall thickness However, ginsenoside Rg3 the activities of SOD, GS#x, and the SH content.

treatment alleviated rotenoireduced lung injury in mice, Nevertheless, ginsenoside Rg3 treatment not only reduced

T . g MDA production but also increased the activities of SOD,
These findings demonstrated that ginsenoside Rg3 Call s by and the content of GSH in lung tissue of mice
alleviates rotenonanduced lung injuryn mice. ) .

The findings of these experiments demonstrated that the
The molecular mechanisms of insecticidieduced lung  mechanism of actionf ginsenoside Rg3 is mediated by its
injury are complex and diverse. But the main pathologicalanti-oxidative properties.
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There are several limitations in this study. ROS is an

important indicator ofinsecticidescaused lung injury. 14

However, the levels of ROS were not assayed directly in

the present study. Adabnally, lactate acid level and ,

lactate clearance show a direct relationship with mortality
in patients with lung injury in clini¢*Y. Therefore, it will

be better to detect the lactate acid content in the blood of
mice withrotenone exposure 13.

CONCLUSION

In summary, this study demonstrates that ginsenoside Rg3

exerts lung protective effects in roteneinduced lung
injury mice. And the mechanism of action of ginsenoside
Rg3 is mediated by its arixidative properties.
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