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[X8iR] ASZHE; QB AT WAL BRI J 2 ERK KM /MR

[FESH%£S] R-33 [ xkFRiRFEG] A [ XEHS)1671-7856(2020) 01-0021-08

Effect of ginseng polysaccharides on behavior and ERK/c-fos pathway
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[ Abstract]  Objective To investigate the effects of ginseng polysaccharides ( GSP) on ethanol-induced behavioral
sensitization and its possible mechanism. Methods Eighty Kunming mice were randomly divided into five groups: blank,

model, GSP low-dose (100 mg/kg), GSP middle-dose (200 mg/kg), and GSP high-dose (400 mg/kg). Except for the
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blank group, all animals were provided water or ethanol freely. The concentration of ethanol was gradually increased from
3% to 12% by increasing ethanol 3% every four days. After a 4-day conversion period, the initial dose of 3% ethanol was
provided to establish a behavioral sensitization model. Ethanol consumption and locomotor activities of each group were
measured daily during the experimental period. During the transition period, an open field test (OFT) was carried out.
Activation of behavioral sensitization was determined by locomotor test during the expression period. Western blot and real-
time PCR were used to detect protein and mRNA expression, respectively, of ERK, p-ERK, and c-fos, in the prefrontal
cortex. Results Three doses of GSP significantly reduced the hyperactivity caused by 9% and 12% ethanol during the
transition period, and significantly inhibited the increase of locomotor activity and ethanol intake induced by 3% alcohol
challenge (day 25). In addition, middle and high doses of GSP could significantly modulate the number of crawls and
standing times in the OFT. GSP could significantly inhibit ethanol-induced increases in malondialdehyde levels in the
prefrontal cortex, as well as increased superoxide dismutase and catalase activities. Western blot and real-time PCR result

showed that GSP could downregulate protein and mRNA overexpression of p-ERK and c-fos in the prefrontal cortex.

Conclusions
effect may be related to the ERK/c-fos pathway.
[ Keywords ]
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GSP had an inhibitory effect on ethanol-induced behavioral sensitization and ethanol intake in mice, and this
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1.1 SR

SPF 2% 6 JE I HEPE KM ZNRRL(22+2) ¢, I T 75 AR
BRFTCH LI S P AR A BRI A R [ SYXK
(#) 2018-0014 ], 1Al FF TR & = 25 K22 5L 5
L[ SCXK () -2018-0007 ], /INELE i 4RI 385 d,
WA A POK IR =R N (23£2) C, AHXF
TERE (50+5) % , JERERTE] 12 h(JEHR) /12 h( BERKT) .
AHGE W e S0 sh ) B AL BRI 5 A KB P E K
AR PR IR S AR e (HF L5 ;. 2018011) , IF
FE S U0 [B] 4% B8 3R JEIN 25 T S50 sh ) NGB AR
1.2 FERFSNE

NS Z WK i 35 R b B v 2500858 41t
Tl U L ERT A L . NS, R
FHAKIRBEDTIR AN Sevag BRI IS B S Z HHL 2
Yy, H3EY H 2x107° mol/L NaCl ¥, FHIT FH 2x
107 mol/L NaCl *F5f DEAE-TOYOPAERL 43 |+, FH
R FIVEL, R 2%107° mol/L~2.5x10™" mol/L
NaCl B EEVEL 150 F 8 5. 5%10° ~2. 5x10* i1
WA, JoK CBE(FE Rtk T 4it*5 . 20180518) ,
ZUiRe/NR A EIESE AL (AR E 2R B i
#3li) , OFT—100 147 SE 504 (i 28 B A A IR A
AL ARG A0 B 5% 5 A% B b e 174 (AR E X
Jp g X 88 ) , ERK PR (3 Abcam 24 A, 5845
54230), p-ERK #i & ( £ E Abcam A #], 9% 5.
192591) , c-fos PT 1K ( £ Abcam A #], 5 5.
190289) , B,k A ( 24 [E Bio-Rad /A ], Sub Cell GT) ,
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T AL EN R (25 [ Bio-Rad /A H), mini-p4 ) , B 1KY
( 35[# Bio-Rad /A H] , PowerPac)
1.3 XWHE
1.3.1 JrdH G K252y

¥ 80 HUNRBEAL > Al 25 Al BEAY A |
GSP {I5 5 (100 mg/kg) \GSP Hifl| & (200 mg/kg)
1 GSP &5 (400 me/ke) , 4 /N RIS SB35
Z: R Blednov, Bahi A1 1y Ty 9 I RS VRS B ST
1T AR 3 W . Se ik U RS2 AT
JEFEARK KO, & BRI TR 5 d, 4 R T — Ik
IRALE , BRI BRas AL, B o — K B i
3% LB, T — A HZE K . 3% LM SR 4 d
St 6% ,9% , 12% (1) 16 BE R0 4 d 3B 3 Sk BT
B R4 £ T FUK B A7 8, 3k 5 2 1 4% R 0 I
U JF BAg K 2 B K s AE R R R 2
i (g/kg) BITHAE R, FERIL R ZS AL R HEH 4
THBHK, AU REBA T NS SRR,
JEFLAZ)5 30 min 0545 4/NR MY A E3ESIREL
SEEG AR UL 1, BRI L 5 21 KA P AR
AZEIRK ESE 21 K77 8:00-12.00 A5 45 41 /)N
SIS S5 RS2 E R W57 4 d, ORI R B AL 20
R LG Forh— K TR 3% LB, A2 Filas
HALE S 4 54K, AAAL T NS 2R
7,30 min A /N A EWES0, AR WA 1,
1.3.2 B EESHIE

/B B TR R 3R 58 T, 2 DR/ R
A 3G shid G s /NR A BT ShRER, R 0~4
K IER/NERTE 12 h I B F2T6 SR T ESS 5~
25 KR, BR% 5 GSP T, 7E 30 min [FIK 12 h 4
AN A TS SIREL
1.3.3 JFigsis

TE55 21 K 1F 8:00-12:00 #EATIF %, St
B/ R ZS W HBIX F R 5 min, Z S5/ UK
£ OFT-100 FF3 S B0 AR I Oy X, T 5%/ Bt 5
UCBUIEAR B (LA Z /D = AT ARl — 4% 7 L
1) AESE S min, BRI G AT £ B EOT

IR
1.3.4  FA B2 E AR 5 N - E

ELSIA BEAGI AT AR B2 2 MDA 75 5t & SOD Fl
CAT ¥ o MR i R SRR E I A 9 5 &
ABEER K 213K ,3000 r/min B0 10 min, BU_E VR, 7%
MR ELISA 357 & 61 B#e e, R A% B2 ik
FE 595 nm AINE I RAE S TP AR A
1.3.5 WA 2 ERK p-ERK Fl c-fos R 3KIA

K Western blot K61 85 (1 2 3k BURG & 0T
SEZALUF AR A 2480, 219K B RS R
D A& R E S S5 OB 4xBE
W NNREZE W IR A 1 & 6 10 min, £ SDS-PAGE H
VK, F N (PVDF B8) , & 5% B RE Wk £ 2 b, finA
—3PT ERK(1:500 i) , p-ERK (1:500 #i %) , c-fos
(1:200 #ikE) ,4°C I E =1, VR 3 RS InA 3t
BEE 1 h, i A ECL B P 5%, H Quality-one 4%
1153 b 45 IR BEAHL
1.3.6 Real-time PCR £l 5 45 0 f2 2 ERK, c-
fos ) mRNA ik

Fi I FH 100 : 1A TRIzol i, A% RNA 42 HUF%
M8 RNeasy 871 & Ui Fi#4E, B RNA VREEH ND-
2000 ffE 5 A AT UL A3 6 BE TH A TN RNA /9 35 &,
4 0D,/ 0D, >1. 8 i, RNA 4 F54 BsK, R
R A R SRR S T 5%, N Power SYBR
Green Master Mix #£1T PCR E &, WS4 95°C
3 min,95°C 10 s,60°C 45 s, 3L 40 MEFR, 44

ERI T B L33 ] RiEW

Adaptation period Developing period Transition period Expression period
3%K Z B/ RIEK 6%7K Z.BE/ 1K 9%7K Z.BE/ K 12%7K Z. B8/ A& RIEA 3%K ZBE/ RAEK
3% cthnol/Distilled water 6% cthnol/Distilled water 9% cthnol/Distilled water 12% cthnol/Distilled water Distilled water 3% cthnol/Distilled water
1 1 1 |
I 1 1 1 1 )
FETTP TR TP ey e Rl e
> OFT ———2 Real-time PCR
Western blot

od 5d 9d 13d 17d 21d 25d

GSP (100,200,400 mg/kg, 1.g.)

FHME A EEZM 2R RNE

Locomotor activity and ethanol intake are measured daily
B1 s

Figure 1 Experimental procedures
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FHARRS S8 i HEAT 404712 BT 2724 CT 3278 mRNA
AFAXS s, 51 I 1,

&1 519F5)
Table 1 Primer sequences
ST FA(s 3" )
Primer Sequences
ERK % Upstream primer; TCTCCCGCACAAAAATAAGG
U Downstream primer; TCGTCCAACTCCATGTCAAA
C-FOS i Upstream primer; CTCCCGTGGTCACCTGTACT

"N Downstream primer; TTGCCTTCTCTGACTGCTCA
_FJi# Upstream primer; CATCCGTAAAGACCTCTATGCCAAC
% Downstream primer; ATGGAGCCACCGATCCACA

1.4 FitEHZE

TR TR DO B B i 22 (& 25 ) 3R
7N, K H1 SPSS 20. 0 Ge it 84k kAT 8 g it o A
Z Y ) L ias R R 7 225007, 77 25 55 R A LSD
Ko, 7 2255 W ] Dunnett” s #:56, P<0. 05 £ &
EEW -

2 HR

B-actin

2.1 GSP X ZEES/NR B EFERI

e 2 fin, BRI/ R0t A B EGE  id
WHIHE (3% ,6% ,9% ,12%) W L BE )5, H F 1% shE
d13 J5 BEMR N, S0t 4 d RNET BRI
FRIR 3% CBEWOR BB SE 25 K H 31 sh ik Bo
JNZE (5312, 111581 31) IR, A HA B EF & (P
<0.05) ,$&/R S BT AT M IR AR A g 5T 5 B A
BRI H A, GSP = ANl i 4 AE B & I B 3235 sk

B REIR(P<0.05) , 47~ GSP #iifil T 4 BE5 | i
HIAT AR
2.2 GSP X ZEEHK/NRZEENENFN

MR 3 Jros  BERLZH /N RS 25 R4 3% OB
(1.87+0.67) mL & & & T2 HAM (1.25+1. 10)
mL( P<0.05) ; SEAI4 A H, GSP = A5 4 £ B
TR R AR A 20 I B B IR ( P<0.05) , R W] GSP fig
% S ZE A BRE /N BRU A 2 R
2.3  GSP Xf ZEEH4L /)N R B 5 HA FF 15 SE 36 O 4 Ml

W 4 R, 525 A4 i SR AN RE T
S5 14 A 8RN 3l 37 B SR A Hh e YR IORN Hh e
155 BRI 6] 4 53 35 R B (P<0. 05) |, $ 718 78 MR 1R 52 56
SYITERA I AR BT Oy s BRI A LA, GSP
AT A T 3 S 1% IR AR BIOR 3 ST R B
B0, GSP Hp v 36 2 A R s YRR R {5 B
Af ) J 25 38 (P < 0. 05) , & B GSP Xt Z B 1k /N
B 5 U0 s L £ SRR A T S EAT I E
2.4 GSP X EI&E M EE MDA, SOD K CAT #
=AU

mE s pos, 525 4L, ZESA S R1T M
Ab/NER AT MDA &5 & 8 3 T+ 5 (P<0.05) ,SOD
FI CAT 151 B 3FFRAR (P<0. 05) , $2 /AT J A isi )
/INERATARIV Bz J2 S AN SR T34 v 5 S AR LR
GSP 1 | fea il et 2 Sk 25 R (IR R A I 2 )25 v MDA 5 i
(P<0.05),S0D Al CAT 1% J1 2 & 55 (P<0.05) , %
B GSP nl BEsos T HIART K 2 A Lk

R2 GSP XTI MEUL/ R A EHE S (x £5)

Table 2 Effects of GSP on autonomic activity in behavior-sensitive mice

5 R 0% 3% 6% 9% 12% 3%
Groups Number (d1-d4) (d5-d8) (d9-d12) (d13-d16) (d17-d20) (d25)
g =Fi
BILE/H 15 3152.33+£1162.38 3173.33+303.33  3198.25+845.04  3423.25+715.82 3312.45+1115.21 3792.22+1458.45
an! gr()up

R

13 3125.17+814.20
Model group *

GSP ikl 20
Low-dose 10

3438. 00+1015. 85
GSP group

GSP w4
Medium-dose 10
GSP group

3325. 67+758. 25 3828. 8+1053. 68

GSP il 4
High-dose 12
GSP group

3038. 67+257. 08 3387. 4+879. 56

3105.04+1841.22 3278.75+1252. 61

3317.36+967. 19

3882.12+1583. 56  3989.09+1371.03 4088. 6+£1203.93 " 4917.32+1461. 66" 5312. 11+£1581. 31"

2999. 75+921. 19%  3157. 80+1823. 57% 2967. 60+1381. 73*

3837.75£1217. 18  3509. 43+1007. 16% 3348.39+1219. 08" 3432. 40+1250. 32%

3589. 67+852.93% 3589. 67+852.93* 3008.25+1219. 70*

I 52 AR, * P<0.05; 50 e, * P<0. 05,

Note. Compared with the blank group, * P<0.05. Compared with the initial period,* P<0. 05.
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R3  GSP AT/ RO BRI R (% £5 )
Table 3 Effects of GSP on ethanol intake in behavior-sensitive mice
0] FUsg ) 3% ) 6% ) 9% A 12% /,~3%
Croune Number (%5~8K) (B9~12K) (%5 13~16 X) (%5 17~20 K) (%25 K)
b 3% (d5-d8) 6% (d9-d12) 9% (d13-d16) 12% (d17-d20) 3% (d25)
23114
AL 15 - - - - 1.25£1. 10
Blank group
TR ZH
13 1.30+0. 54 2.71+0.43 3.68+0. 13 3.94+0. 45 1.87+0.67 "
Model group
P IG5 54
GSP A B4 10 1. 04=0. 51 2.50+0.25 2.96x0. 29" 3.37+0.88* 0. 63+0. 34*
Low-dose GSP group
GSP il 4
10 1.12+0. 57 .21+0.28* . 82+0. 32* . 13+0. 50" . 13+0. 43*
Medium-dose GSP group * 2.21+0.28 2.82+0. 32 3.13£0. 50 1.1320. 43
GSP &7l
_ AR A 12 0. 99+0. 07 1.91+0.24* 2. 640, 42" 2.69+0. 41 1.270. 65"
High-dose GSP group
. 52 A4l * P<0.05; 5910A s, P<0. 05,
Note. Compared with the blank group, * P<0. 05. Compared with the initial period,*P<0. 05.
F4  GSP XATHBAL/INER OFT EHS ORI, N7 R B Bk A s BRI Hh e B IS RIS ( & £5 )
Table 4 Effects of GSP on OFT crawling and standing times, central entry times,
and central residence time in behavior-sensitive mice
" N " HE I OR - N
255 HE DIRVRYE 5 A %L ;;m])er of times rh g4 R B IR (s)
Groups Number Stand number The number to climb . ) B Central residence time('s)
into the center
BY=F
= A 15 41.33+11.47 202. 17+34. 09 11.50+3.70 16. 86+4. 85
Blank group
FERIZ ‘
13 26.09+11.25" 154.18+18.19" 7.79+1.81" 10. 00£5. 10"
Model group
~o =
GSP G k41 10 36. 67+9. 00* 179. 33+21. 75% 9.00+5. 16 11. 00£3. 77
Low-dose GSP group
GSP il
. FHE 10 44.57+22. 56" 193. 57+30. 007 14.50+4. 14* 16.20+4. 627
Medium-dose GSP group
GSP Fl 4]
. R 12 43.86+12. 06" 194. 71+11. 947 15. 00+5. 14* 20. 00+6. 637
High-dose GSP group
T 52 HALHRR, * P<0. 055 AL LA, * P<0. 05,
Note. Compared with the blank group, * P<0. 05. Compared with the model group,*P<0. 05.
£5  GSPXHIFM )2 MDA SOD B CAT M54 ( & =)
Table 5 Effects of GSP on MDA, SOD, and CAT levels in the prefrontal cortex
25531 HE A % (nmol/mg) ALY B AL AT (U/mg) 1 AL EUE (U/mg)
Groups Number MDA SOD CAT
BY=F
= HA 6 0.33+0. 26 853.56+30. 24 3.10+1.57
Blank group
IR 4
L 6 0.76+0.57 " 507.27+18.03 " 0.99+0.60 "
Model group
P {5 =4
GSP A R4 6 0.4620. 42 754. 04+27. 47 2.01x0. 49
Low-dose GSP group
GSP w4 # # #
Medium-dose GSP group 6 0.35+0.27 898.39+17.90 2.55+0.42
GSP E5ll w4
Al kA 6 0.38=0. 14* 789. 00£48. 35* 2. 62£0. 76"

High-dose GSP group

T 52 LI, * P<0. 055 S HURIL L, P<0. 05,
Note. Compared with the blank group, * P<0. 05. Compared with the model group,* P<0. 05.
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2.5 GSP X} aj#int K E ERK,p-ERK X c-fos &
SEZr: oAl

WK 2 B 78, Western blot 45 5 & BH A% %Y 2
p-ERK/ERK U AH B c-fos AR X B FEEH T H
i, SERE A, GSP | fl & 41 p-ERK/ERK
(P<0.05) M c-fos Feik it i FHFFEMK (P<0.05) , JK
JET G L 6,
2.6 GSP XRIEINM EZEHLEF ERK, C-FOS B
mRNA FRiZHIF M

W2 7 B, 52 5E i PCR SEE 45 5 & P A
ZH ERK F1 C-FOS mRNA 3k 3/ 25 H4l (P<
0.05), SR %, GSP | i 74 40 ERK FlI
C-FOS mRNA Fik i E AR (P<0.05) ,

3 itig

TN N £ R B AL ) 2 o I % 2

EURE R G 2BVE T, BRI O 2 TR S B 5
AR 7 A A O P AR R RO A 22 s 2
C-FOS/ERK fF 5 32 5 H i =
PRI ERK S 5140 A5 E) T U7 R AR G 4
JET RN A% PN ) — ZR B GRS, 7 A 4 I B
i e SRR AT MBI R AGE NP, Sanna S
R R AN & 2225 T O BEIE , KBS AR X p-
ERK & H3RK T MAE S BERCWT I, 228500 X
) ERK BEMR /K F- T+, U] ERK 5 Z BE5 510
Pz A IPECE A 56, Bachtell % FERFSE 1175
T E-W 1% c-fos FIR B ML, £ sn] LU 2% B
E-W # I c-fos BUFRIN, S AWM A, IR &R T
CBEAADCRYIREE s 1 R BRI JiS S i v sl 215 4
B c-fos BFRIR  FEIEAMIH c-fos BYFIA S c-jun
M ERK HIBERR LK T A 5,

6 GSP XHTHIM 12 ERK ,p-ERK J c-fos B[RRI & £5, %)
Table 6 Effects of GSP on expression of ERK, p-ERK and c-fos proteins in the prefrontal cortex

bl R
-ERK/ERK :-fos/ B-acti
Groups Number P c-fos/B-actin
2214
=H4 4 21.30+7. 21 43.51+15.10
Blank group
BRI
B 4 57.79£17.93 " 74.26+27.35"
Model group
GSP K5 &4
MR Rl 3 50. 1722, 82 79.21£22.91
Low-dose GSP group
GSP a4
4 . 84+13. 14* . 54+17.97%
Medium-dose GSP group 39, 84x13. 14 36. 34x17.97
GSP =54
i i 4 23.16x11. 07" 59.03x14. 18*

High-dose GSP group

TE: 52 R, * P<0. 055 SEEAIA LA, ¥ P<0. 05,

Note. Compared with the blank group, * P<0. 05. Compared with the model group,* P<0. 05.

£R7 GSP MTFHLH p-ERK,C-FOS i mRNA FEIKkMEM (& +5)
Table 7 Effect of GSP on mRNA expression of p-ERK and C-FOS in liver tissue

A5 R
ERK/B-acti
Groups Number B-actin C-FOS /B-actin
==t
= HA 8 1. 00+0. 39 1. 00+0. 71
Blank group
7 2
Bl 7 2.99+1.40° 3.31+1.46"
Model group
GSP %5 &4
ﬁ{'{iﬁ 7 2.42+1.06 3.09+1. 87
Low-dose GSP group
GSP HiFf i 4
8 .62£0.91" . 44x0. 30
Medium-dose GSP group 1. 6220.91 1. 4420.30
GSP @l Edl
Rl 8 1. 500. 52* 1. 06x0. 20*

High-dose GSP group

W S HALILE, * P<0. 05 SR [ # , * P<0. 05,

Note. compared with the blank group, * P<0. 05. Compared with the model group,*P<0. 05.
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GSP o/kg
wEE A (mgke)

Control group Model group 100 200 400

44x10°
42x10°
44x10°

' 42410°

p-ERK

ERK

45x10°

c-fos

Bractin | S—— — —— 1310’

B2 HH/PNRATHH R Z p-ERK  c-fos TE 361K 554 E
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