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BEAVZL /N B SpO, B B FEAK (P<C0.01), FEIBIRIA ST T, SEIRIAL e, 40 il 550 24 A G B v 391 i
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Alleviative effect of ginsenoside Rg1 on brain injury induced by
chronic intermittent hypoxia in mice and its mechanism

MENG Yan', WANG Hongxin’, YANG Yuhong®
(1. Pharmacy Experimental Teaching Center, School of Pharmacy, Jinzhou Medical University, Jinzhou
121001, China; 2. Liaoning Provincal Key Laboratory of Cardiovascular and Cerebrovascular Drugs,
Jinzhou Medical University, Jinzhou 121001, China)

ABSTRACT Objective: To discuss the alleviative effect of ginsenoside Rgl on chronic intermittent hypoxia
(CIH) -induced brain injury in the mice, and to clarify its possible mechanism. Methods: Forty male
C57B1./6 mice were randomly divided into control group, model group, inhibitor group (treated with
calpain-1 inhibitor) , low dose of ginsenoside Rgl group (treated with 10 mg-kg ' ginsenoside Rgl) , and
high dose of ginsenoside Rgl group (treated with 20 mg-kg ' ginsenoside Rgl). Except for the control
group, the mice in all other groups were placed in a hypoxic chamber with automatically regulated oxygen
concentration to induce hypoxic brain injury. The peripheral blood oxygen saturation (SpO,) of tail of the
mice in various groups was detected ; the escape latencies and path lengths and the frequency of swimming
route crossing the target quadrant of the mice in various groups were determined by Morris water maze
test; the levels of blood urea nitrogen (BUN), lactate (LA), malondialdehyde (MDA), interleukin-6
(1.-6), and tumor necrosis factor-a (TNF-a) and the activities of superoxide dismutase (SOD) and
lactate dehydrogenase (LDH ) in serum of the mice in various groups were detected by kits; the degrees
of brain tissue injury of the mice in various groups were observed by HE staining. The levels of reactive
oxygen species (ROS) in CA1 region of hippocampus tissue of the mice in various groups were detected
by dihydroethidium (DHE) probe; the expression levels of calpain-1, 11.-6, and TNF-« proteins in brain
tissue of the mice in various groups were detected by Western blotting method. Results: Compared
with control group, the SpO, of the mice in model group was significantly decreased (P<C0.01), indicating
that the model was successfully established. Compared with model group, the SpO, of the mice in inhibitor
group, low dose of ginsenoside Rgl group and high dose of ginsenoside Rgl group were significantly
increased (P<C0.01). The Morris water maze test results showed that compared with control group, the
escape latency and path length of the mice in model group were significantly prolonged (P<Z0.01), and the
frequency of swimming route of crossing the target quadrant was significantly decreased; compared with
model group, the escape latencies and path lengths of the mice in inhibitor group, low dose of ginsenoside
Rgl group and high dose of ginsenoside Rgl group were significantly shortened (P<C0.01), and the
frequency of swimming route of crossing the target quadrant was significantly increased. Compared with
control group, the levels of BUN, LA, MDA, IL-6, and TNF-a in serum of the mice in model group were
significantly increased (P<C0.01), while the activity of LDH was significantly increased (P<0.01),
and the activity of SOD was significantly decreased (P<C0.01) ; compared with model group, the levels
of BUN, LA, MDA, IL-6, and TNF-a in serum of the mice in inhibitor group, low dose of ginsenoside
Rgl group and high dose of ginsenoside Rgl group were significantly decreased (P<C0.01) , while the
activities of LDH were significantly decreased (P<C0.01) , and the activities of SOD were significantly
increased (P<C0.01). The HE staining results showed that compared with control group, the pyramidal
neurons in CA1 region of hippocampus tissue of the mice in model group were loosely arranged , while some
neurons were triangular, with nuclear pyknosis, cytoplasmic hyperchromasia, and a few neurons were lost,
indicating obvious hypoxic neuronal injury; compared with model group, the hypoxic neuronal injury in

CAT1 region in hippocampus tissue of the mice in inhibitor group, low dose of ginsenoside Rgl group and



1198 TR (M) 50% 5 202449 A

high dose of ginsenoside Rgl group was effectively alleviated. The DHE probe detection showed that
compared with control group, the level of ROS in CA1l region in hippocampus tissue of the mice in
model group was significantly increased (P<C0.01) ; compared with model group, the levels of ROS in
CAT1 region in hippocampus tissue of the mice in inhibitor group, low dose of ginsenoside Rgl group and
high dose of ginsenoside Rgl group were significantly decreased (P<C0.01). The Western blotting results
showed that compared with control group, the expression levels of calpain-1, TNF-a, and IL.-6 proteins in
hippocampus tissue of the mice in model group were significantly increased (P<C0.01) ; compared with
model group, the expression levels of calpain-1, TNF-a, and IL-6 proteins in hippocampus tissue of the
mice in inhibitor group, low dose of GRg1l group and high dose of GRgl group were significantly decreased
(P<C0.01). Conclusion: Ginsenoside Rgl can alleviate brain tissue injury of the mice induced by CIH ; its
mechanism may be related to the inhibition of brain tissue inflammatory response and oxidative stress, and
the downregulation of calpain-1 expression.

KEYWORDS Ginsenoside Rgl; Calpain-1; Calpain-1 inhibitor; Chronic intermittent hypoxia; Brain

injury

18 M 8] Bk B 40 (chronic intermittent hypoxia,
CIH) s BH 2 ¥4 B B IF 02 8 45 (obstructive sleep
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LDH). L& (lactic acid, LA). HMLJRZE % (blood
urea nitrogen, BUN) W& 250 &0 A w50 2 a4k
WITRARAR, AHEANZEG6 (interleukin-6,
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&, F

NS BT R X /0 BN A i s B 4375 I 452 405 1 9 2 1 T B G L 1199

A [) 8P B4R 0 R 90 s IR +90 s B AU,
ok I B A RS T I A PN R B el 21 00
THELH10%, FHAERFE21%. 28 dJE K/ R
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SpO,7E 60 % ~85% kg CTH 5 Y A 2 jlg oy . A
Wi, KA R E NS S Rel 4/ BURE R 4
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EO81.1L-65/ TNF-a T8 &z RE K54
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1.9 %t %454 K SPSS 26. 04 H 4k kit 47
Goit= . &4/ SpO,, 1% BUN, LA,
MDA | IL-6 1 TNF-a 7K *F- J LDH 1 SOD & % ,
4T CATIX P ROS K-, i I 41 21 45 26
fitg 1. IL-6 fil TNF-o#E 1R kKB FFE ES 55
fii, Phats 28 4541/ Bk i v IR 00 A i 1 K
JE Z 4] R F B R R Oy 2240, 4L R P 1L 3%
FH k5% . LA P<<0.05 h &S H G it%m X,

2 & B

2.1 %4/ 0K SpO, KF Hxf4gl (91.8%+
4.4%) e, BRI/ SpO, (66.1% +2.9%)
WG R IK (P<<0.01), FUIEER G pish, S5
HIZH o, MR (85.5% £3.1%) . fKHI & A
ZRAF Rgl 4 (86.1%+ 3.9%) HMmEH# A
BAF Rgl 40 /NEL SpO, (89.9% +4.2%) B & Fh55
(P<<0.01).

2.2 B RAEIJeek S SR R, B
ZH /N R A T AR RN B AR K I AR (P<<0.01),



1200 TR 224 (BE 2 i)

¥(50% 5 202449 A

UiF VK B 2 o0 i F AR G BRI U] 0 /b 5 SRR 2 L
B, R 2 AR K e ) BN S R Rl 4/ Bk

-~ Control

> 60r % « —# Model
= A & Inhibitor
& 40
=1 A -¥ Low dose of
o . .
= ginsenoside Rgl
2 20F —+— High dose of
S ginsenoside Rgl
@

0 1 1 1 1 1

1 2 3 4 5
Time (#/d)
A

e R Ko AR KR i (P<<0.01), #iFik
HL o AR R RO 3 2 0 WLIET 10 2.

15

-e- Control
i -#- Model
10 —— Inhibitor
-¥- Low dose of
A ginsenoside Rgl
—¢-High dose of
ginsenoside Rgl

Path length(Z/m)
ol
T

0 1 1 ] 1 1 ]
0 1 2 3 4 5 6

Time (#/d)

B

"'P<<0.01 compared with control group;“P<0.01 compared with model group.
B 2/ Bk s AR B (AR BE AR K B (B)

Fig. 1 Escape latencies(A) and path lengths(B) of mice in various groups

A': Control group; B: Model group; C: Inhibitor group; D: Low dose of ginsenoside Rg1 group; E: High dose of ginsenoside Rg1 group.
B2 4/ Rk B E

Fig. 2 Swimming route maps of mice in various groups

2.3 &4 & fFE P BUNLLA.MDA.IL-6 #=
TNF-a K F & LDH #= SOD #& % 5% B4 i,
B4 /N BLUIM 3 BUN, LA, MDA, IL-6 £
TNF-a /KB B THE (P<<0.01), LDH %M &
| (P<<0.01), SODVEM BRI (P<<0.01);

SRR A LA, o ) 2 RN AR B R N S R A
Rgl 41/ & Il & *F BUN, LA, MDA, IL-6 Fl
TNF-a /KB B K (P<<0.01), LDH MM &
FEfE (P<<0.01), SODIEMEREIH&E (P<<0.01),
W12,

#£1 F4H/MBRIMES BUNFILA KR K LDHIEHE

Tab.1 Levels of BUN and LA and activities of LDH in serum of mice in various groups

(n=8,r+s)

Group BUN [¢;,/(mmol-L™")] LA [¢,/(mmol-L "] LDH [A,/(U-L Y]
Control 6.21-£0.55 5.3640.71 535.66+50.43
Model 9.86£0.79" 8.860.85" 911.484-76.78"
Inhibitor 6.9240.72" 7.0440.59" 630.56+59.57"
Ginsenoside Rgl
Low dose 6.7540.73" 6.7040.65" 599.12454.81°
High dose 6.42+0.714 5.7840.68" 561.49+50.21°

"P<0.01 compared with control group; “P<C0.01 compared with model group.
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F2 K4/MBILHE P MDA TNF-a #IL-6 7K K& SOD ¥ #
Tab.2 Levels of MDA, TNF-a and of IL-6 and activities of SOD in serum of mice in various groups (n=8,z3s)

Group MDA [¢,/(mmol-1.7 1] TNF-a [p,/(ng-1.7")] 1L-6 [py/(ng 1.7 1] SOD [A,/(U-L™1]
Control 30.6141.82 103.5447.43 165.66-12.43 110.6148.82
Model 64.4743.04" 251.78+16.84" 336.744-22.84" 54.4745.04"
Inhibitor 41.2742.40" 164.12410.04" 221.414-14.04" 90.277.40"
Ginsenoside Rgl
Low dose 37.17+2.24" 133.2149.21° 199.45+13.21° 94.1748.24"
High dose 33.6542.25% 110.8448.99~ 171.98+12.99~ 102.65+7.24"

"P<C0.01 compared with control group; “P<C0.01 compared with model group.

P 2 e R A Ok . WE 3.
2.5 AANRELHALCAIE ¥ ROSAFE Hxf
M R, BRI /N S 44T CAT X ROS 7K

FH R AR (P<K0.01); SHBAIA g, 5
. AR F A S R Rgl 4L/ U D44 CAl

X 1 ROS KB B REAL (P<<0.01)., W4 F15,

A': Control group; B: Model group; C: Inhibitor group; D: Low dose of ginsenoside Rgl group; E: High dose of ginsenoside Rgl group.
3 HUPREIHACA XPEEMETIEERIA(HE, X 200)
Fig. 3 Morphology of pyramidal neurons in CA1 area of hippocampus tissue of mice in various groups (HE, X 200)
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A': Control group; B: Model group; C: Inhibitor group; D: Low dose of ginsenoside Rgl group; E: High dose of ginsenoside Rg1 group.
F4 FHPREDSHL CAIRX ROSFEXFLR(DHE, X 200)
Fig.4 Expressions of ROS in CA1 area of hippocampus tissue of mice in various groups(DHE, X 200)
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"P<C0.01 compared with control group; “P<C0.01 compared

with model group.

B5 FH/PMRESCALKF ROSKE
Fig. 5 Levels of ROS in CA1l area of hippocampus

tissue of mice in various groups
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Lane 1: Control group; Lane 2: Model group; Lane 3: Inhibitor group; Lane 4: Low dose of ginsenoside Rg1 group; Lane 5: High dose of

ginsenoside Rg1 group. "P<<0.01 compared with control group; “P<C0.01 compared with model group.
E6 #£41/bREIHLAF Calpain-1. TNF-a fl IL-6 F AR KB IKE (A MELE(B~D)
Fig. 6 Electrophoregram (A) and histograms (B—D) of expressions of Calpain-1, TNF-a, and IL-6 proteins in

hippocampus tissue of mice in various groups
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