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BR(VIP) #94-2 ; M 2 KR H H S R fe i 2k bk RN 02 5 R An 92 LR AL ok KR H S48 F ENS AR E [ T ARAF 2
% & (S100B) Aol By 4m i R P A9 22 78 J B F (GDNF ) 149 A& ik B 91 ; £ ) Western blotting 3 4] B 5 4142 ¥ S100B & R 2m
JOJR AT Y4B & (GFAP) & & A B = 4 9.5(PGP9.5) .GDNF | B2 AL 2 2L R &AL 5% & B 8 B (p-MEK) VA B B 85 A 2m o S 1ME
iR s 1/2(p-ERK1/2) B @t R A KF, @R 55 G BAks MU M FREELHC PASTHARRFTHE LR ik
BB F P MTL A& A= § £ 48 ¥ PGPI.5 & & KA KT B % KA, o7& P VIP &&= § % 2040 F S1008 . GFAP .GDNF ,
p-MEK .p-ERK1/2 & & & A K PF3 25 H 5 (P<0.05)., HRMMALE, MELEFEATHRRK T HE E/ B 23
F+& (P<<0.05) ; R AR E 3 ¥ 3K 7) 40 GFAP & & Rk K-F TALR B (P>0.05) 98, &7 T 20K R i F MTL 4540 § 524047
+ PGPI.5 B G Rk KT B EI G, iF P VIP 4 -S40 § E44F S1008.GFAP .GDNF .p-MEK .p-ERK1/2 & & & ik K F 3 2 %
B (P<0.05), LEBWMEHEFLERMEAAFEGREAKRPIASRIRK SR ERTELFRAANTAZIMARE 2R
(P<0.05), B A 2 AKIAFTM I 25 2 G BAL L H £ F0K-F(P>0.05), £#:8EEEFA0 SR EEE F
FD A% K .69 § W 3h /1 R 2 ENS Zh 574, FLvA & 7 3 28.(60 mg/kg) 49V A 2R PR 2 5 AL 7T 48 5 48 R IR MTL B85
Fph) VIP i #74) GDNF BT #5435 18 94380 SR 2 ENS A i A 27045 A % .
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ABSTRACT OBJECTIVE: To explore the dose-effect relationship and mechanism of protective effects of total asiaticoside (TA)
on gastrointestinal motility and enteric nervous system (ENS) in aged functional dyspepsia (FD) model rats. METHODS: Aged
male SD rats of 16 months old were randomly divided into blank control group, model group, TA low dose, medium dose and high
dose groups (15, 30, 60 mg/kg), with 8 rats in each group. FD model was established by tail-stimulation combined with irregular
diet for 4 weeks. The next day after modeling, administration groups were given relevant doses of TA solution intragastrically;
control group and model group were given constant volume of normal saline intragastrically, once a day, for consecutive 15 d.
Gastric emptying rate and small intestinal propulsion rate of rats were examined. ELISA were used to detect serum contents of MTL
and VIP. Immunofluorescence and immunohistochemistry were proposed to measure the expression of ENS marker (S100p and
GDNF) in gastric antrum tissue. The protein expression of S100B, GFAP, PGP9.5, GDNF, p-MEK and p-ERK1/2 in gastric
antrum tissue were measured by Western blotting assay. RESULTS: Compared with blank control group, gastric emptying rate and
small intestinal propulsion rate, serum MTL content and protein expression of PGP9.5 in gastric antrum tissue of model and TA
low, medium dose group were decreased significantly, while serum VIP content, protein expressions of S1008, GFAP, GDNF,
p-MEK and p-ERK1/2 in gastric tissue were increased significantly (P<<0.05). Compared with model group, gastric emptying rate
and small intestinal propulsion rate of TA groups were increased significantly (P<<0.05); except for GFAP protein in TA low dose
group (P>0.05), the serum MTL content and the expression of PGP9.5 protein in gastric antrum tissue of rats in TA groups were
increased significantly, while serum VIP content, protein expression of S1003, GFAP, GDNF, p-MEK and p-ERK1/2 in gastric
antrum tissue were decreased significantly (P<<0.05). Some or most of the content of gastrointestinal motility indexes and related
factor protein expression were significantly different among TA groups (P<<0.05), and the indexes in TA high dose group could
recover to the levels which were not significantly different with blank control group (P>0.05). CONCLUSIONS: TA can
dose-dependently improve the gastrointestinal motility deficiency and ENS dysfunction in aged FD model rats, especially in high
dose (60 mg/kg) of TA group. Its mechanism may be related with promoting the release of endogenous MTL, inhibiting the
secretion of VIP, expression of GDNF and the activation of downstream signaling pathway, and promoting the repair of ENS and
intestinal neurons.

KEYWORDS Total asiaticoside; Functional dyspepsia; Gastrointestinal motility; Enteric nervous system; GDNF; Mechanism;
Dose-effect relationship; Aged rat

Uiaetk kA K (Functional dyspepsia, FD)J&—2H
I8 A FIEFS, Free sl I B AR JE K ek s i
JEAREAGERE Y . A T BORHE R, FE E FD &0 3 ik
18% ~35%", H:rif 60 % DL L W% 4E N T 5 i sh 71 i
i3 H R AL R BRI REIR L, B T FD IR fE A
FEYL IR B T TR 25 FE 8l 11 253497 FD Ab,
= 2 S 9 SR AN SRR O AR 7 B MOR B 2
G . BB ST R S T RS AT
TR BT B S5 N 1Y il 28 547 B A $R ) , I 4F
KM R, BE A EIRYT B s M B S
1o 1B 5 5 LB — @ AR Y (H X2 4F FD 3R Y7
YEF A WS ARG . LAREROBIFGE R0, B i B 0 1
i F1 S R A 37 30 Wk 42 R 48 (ENS) A4 R 5
(CNS) ., ' g 1 20 i FF- v LSS 9 R A 28 b s A% 5
P 25 ], T ENS 1A b i b 26 0 R 28 158 e 24
(EGCs) ¥4 B (1 37 B4, B AR CNS & 4% 1 i i
TSN ST PR A BRI IS , 5 A0 e s
P22 E 7R A F (GDNF) i 5 Rkt 5 FD I & A4 ki
AU, T ARBFFCR RS B AT T S AE FD B
TR ER, 38 A I A RV P ENS 5 S M s g A o
25 Ry 5t M AR 11 S100 B L e T 40 i i £F 4 e 1 2
(GFAP) 2K LR 7= 4 9.5 (PGP9.5) , LA 7T B #1 i
T ENS -3 VR R 5 [l s, 3 3 2558 GDNF S AH 4
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L 5 I8 e (ERK ) /22 24 J53 35 Ak 38 11 13 it 94 i
(MEK){55 5 18 AR N 1128 AL, RTEFRE H GXE
AF FD IR S PR 1 T 0 i 2800 A A mT REAILARD , S
PRIGIT EAE FD I R (S0 SERH AT HL S o

1 #7
1.1 {88

BT25S &I Hi, 1 K- (4[5 Sartorius 23 ] ) ; Multiskan
MK3 F il R 1% . Sorvall ST 8 %I &5 5 8.0 HL (2 [ Ther-
mo Fisher Scientific 2% 7 ) ; Cryo3DM &A1 U1 - HL( H
7K Sakura 2y A ) ; AiryScan LSMS00 I L5 42 i it
(T Zeiss A7) s IX53 BUF E 534058 ( H 4% Olympus 24
F]) ; Tanon-1200 BRI EE L BUIG R 48 .EPS600 AL HEIKAL (|
TR ARERHH AT PR 1] ) s UPH-1-5/10/20T %1 4 R bR AR
LK AL (P2 R A A PR AT .

1.2 RS

PR R A IR 2 (78 B AR 25\ A BR A F]
5184696219, F i :95% ) 5 H 2h 2 (MTL) B S e Wl
BRI 22 (ELISA) A5 M350 & (445 : 20180318) | il 45 1%
PEM K (VIP) ELISA il i &5 (445 : 20180430) F4 1t
A B U EH A ) T RIS T s GFAP S B se BBt 148 . S100
BALER s FEHTIR \PGPY.5 H L e BT (4 . GDNF f B v [
HUMR W2 1k MEK (p-MEK) % 8 52 B 0 4K . W 2 b
ERK1/2(p-ERK 1/2) S g BRI (1543 31 GB11096 ,
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GB14146 . GB11159. GB11403, GB12304 . GB11507) L)
KACTHF YR 3(Cy3)Amic i L EHT R s BREE 1 G (1gG)
TH AR T E AL W (HRP) FRiC 1 2E 40 G bt
(Fik5-43-51 2 GB21303 .GB23204) ¥y [ ik I ZE4E /R A
YIRS A PR F) 5 HIm R -3- W R i AU (GAPDH) /) i
B TEREPT R (A6 SOGB4 B AR BR A w5
100242-MMO05) ; BCA & [ ¥ & I 22 3k 551 & (Hik 5 -
P0010S) RIPA Zfififk (41t : PO013B) JEB ECL fb2= &
i & (H5 : POO18AS) LA Sz DAPI YL 23 | 2 1ML H
H 1 (BSA) . AR (DAB) il & L & 1
FEGZ MR A _F IR = RA VI AR IR A R &L
2 Ml (PBS, LA 51 BI 2 A, dit 5 : 020241ACS; T-AE
pH A 7.45) s HIAG IR 5% i B A4 () B8 A Rk
HABRA S BL604A; TAEpH 46.0);12% + —
Jot S IR BN - 3RS TN A4 TR I 456 ¢ . UK (SDS-PAGE ) il fil] it
(s AR A FR A AL #ES . ROT027) s AL BIE
SR (R 25 BR 2 AL 50 20190628, FLAS
500 mL:4.5 g; /EAEFRERK ) s ZHIOR oK GRS A4y
A R A aliel ty 5200 % B AT, ACh 4K
1.3 4

SPF 2% £4F SD K fR 40 H, Mt , 16 A iy, (R ik
(300.0 £20.0)g, 4 A m il K2FSL 5 s ey, s ™
YFAJIES : SCXK (7720190001, K FAM 98135 , 1Al 35 4%
114 (23.0 £ 2.0) CHEIE L (60.0 + 5.0) % fH1E . [ 2Rt

R o R BUE N PERESR 15 BEA T2, S48 ™
FE ST S SR A TR ESR AR SCHLE o
2 FiE

2.1 oA EBER5%Y

BCEAE KR40 H L BEHL M2 (T HEZH BRI A L
MAFFBHAC H mmdl, A8 H. BRas X
2R FRIEF RS, A K AR AR 15 A
e FE I S A i A A ] FD LAY | i B [A] 4525 4
Jil o SRS R e W B — MBI 100, AR 3 iy J o S g 2%
W UK B R (B 6 ) 2 5% TR AR5 &
B EEOK WD, BRI (RS0 45 R 5 ) R
B A LU0 T A s B . dERE SRR H
SR KR AV BAR R R R ST 2
(15.30.,60 mg/kg, PAA: BER 7K Hic 1 5 75 i & 25 I8 Sk
D7) VB AT R 200 L ;73 PG BRAT RIS R 20 K B
HEE SRR, FHRKEGHES 1k, #8215
do #25300], KRS A B AROK R ISR R — g il
I8 Wil s A 0 & AR DL
2.2 KRINEHMTL.VIP & EKN

B K BRKEZS 12 hfm GWIRZEEAERK) e
A I R 1L, YSC4E IfL R 28 EP 45, 78 37 CoK I & 30
min Ji7 , PA 2 000 r/min B.0> 5 min, 735 2 Mg . S
ELISA i 1] &5 Ud B 5 #4F , >R FH i A ASCRS: DY 1 37 wh
MTL . VIP ¥ &
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2.3 KERBEBsh e

2 K BRUTR HIE SR ML J= AR 2228 B AN AR K 12 h (LA R
KERARAL T IR ) ARG HE S 5% AR BT HAR TR A
T (2 B3k 5 2R ) 50 mg/kg, 1] s E O R
(M) HEHE 30 min J5ALFER B, TFRE L5 FLE T RIEa ],
MWEMITEZE M (AEE MEKE (o), il #4540 K
FECRIA 1] 28 ¢ A2 R AR i i () 4 R 8 (b)), e A i
FNBHEDE HE /N EDE L =b/ax100% . FHIHL5E L H
L, W B 24 MK FRE B it (M), PRI 5 R
TG LBRER B AR e (M) , 78 AT
BHEa K BHES R =[1— (M.— M,)/M]x100% . HGH
B EALE—20 CTFHAE, AT 347 158200 Rl
28 AR AG I
24 KRBEEHLAHSI00pFRIEE R

K GIE DA . B 2,37 T F 454 K E 5%
HAUE R ATH ARSI R (EEY5 um) , 148
THZE JoK CEERE KL A 0.01 mol/L MR 2%
MR AE 98 °C R AL FE 20 min & BB ; UL PBS ik
YR 3 IR =8548 52 W, 7E 5% BSA ¥ g vh =5 T 35 14 30
min; JTA ST00BHTMA (F5 B BE Ry 1:500) , 764 CFIFHE
T DA PBS BV i 3R LB —PUIE & W, LA Cy3 Fr
CMIILEEST R 1gG W (PR 1:1.000) , %3 Tk
Y98 30 min; LA PBSIEVEY] - 3R bR ZHUF E W, A
DAPI YL A, T IS4 5 min J5 3 H-, R BOEILER
FE BB LK BB A2 S100B Y R TH ML (B T
S100BPHPEFRIR R LI At , H S A% 248 DAPT ¢
o jE REEIO0) .

25 HEBEALDUFERNAREEZEHLEF GDNFRIE
&S

KA AL AP R I , BC2.37 I A 4R R
HSEHSUE T, 247N il K E =L A
AT HURME L ; LA PBS VR 3 IR LB IE &, 15
5%BSA 7 B3 IR B 30 min; fill A GDNF $ioiA (Ff B¢
FER1:500) ,7F 4 CFIEE 17 ; UL PBS I3k 3 Ik 6%
— YU E I, A HRP BRI 11 2E 5% 1eG — 90 (B B
FER1:1000), %0 FWFE 1 h; LIPBS kU A 3k &
bR P E W, Wk Z Ak, Y] R Hii i DAB & 8
Wi, 20 F SOV 5 min i, LA PBS #pye 1. Fikd)
4 CFERR B G R RE M, o e 3 R
Mt T, SR P I B L2 K L 1 2 41 4 Hh GDINF i 3%
RME UL (B GDNF PHPEFRIA R ) .

2.6 KRBEHALFSI00p.GFAP . PGPI.5  GDNF,
p-MEK .p-ERK1/2 & B RiAKF#

K FHl Western blotting (WB) A . H“2.37 51 F %
TRIRAF I 45 4K BLUE S 4141 50~80 mg, 783 BTRE, fiNA
RIPA Z4# 7% 0.5 mL JF & T 7K BRI EE  HEEA 210
HEH WEHALUSENSIHRW,7E4 CF LA 12 000 r/min
B0 15 min, BT, R BCA L P g i A

China Pharmacy 2020 Vol. 31 No. 12 - 1431 -



Sx 1 LS s E AR . BU50 pg SRR, 7E
120 V 18 J& F 47 12% SDS-PAGE , Hi Yk i [f1] 100 min, Hi,
KA, DL 200 mA fE %G S 2 1 4k Bk E 1Y
PVDF i b ; # % fin A S100B . GFAP . PGP9.5. GDNF
p-MEK .p-ERK1/2 Fl GAPDH —3t (Fi B 4y 1:1 000),
FE4 C I E 7 ; LA PBST 4% s %6 3 UK, LA HRP
PRICAI LS5 1gG —H (FBEEE A 121 000) , & 5
H 2 h; L PBST 2% M i vk 3 Y%, FH% N ECL & Lk ik
TN R FHBEE AR R G AT RERIR . LA
GAPDH J N2, Kl Image J 1.6.0 B4 #7145 H AR 11
A SNSEAFTIKEEZ L, AEFRR BiRE
FIRIKF-.
2.7 FitFFHE

K FH SPSS 19.0 # A4 B HEA T 581 o0Fr o R R
BERAX £ s 308, ZA B2 B FT 255 1A
55 J5 R LR R 7 22 0B (ANOVA) R 77 He s, 19 41 1]
B R LSD-t A 3 A T He g . P<<0.05 M 22 7 Giit
3 #HR
3.1 KR—MWEREBmERGRR

528 U0 R PR, 1 AR BR300 , TR TAK
AL, HAFMZERE 5 Shslb s 32858 BE i s R I
S B R T AL, 2 A FD K RS RS A& 4 5 «
3.2 MEEZFXTEZEFDER KR IMFEFR MTL . VIP
SENHMm

Ejas Pt BEZH b, AR R 2H AR S w ARG L PR
ALK R H MTL & & 5 R AI%, VIP & & B E THs
(P<<0.05) 5 T FH 25 B A sy 591 4 4 K Bl v vh 1 iR 4
br o 5 A A2 R LS EE L (P>
0.05), SEAI s, AR R S IC b LR R R
I3 MTL & 5 3 3 T, oS Al 4z ein o &
B TR PR VIP & R B R, Hom
HizAa b & i AL TAR R 41 (P<<0.05) . &4
K BUALTE H MTL A1 VIP & A W 1,
1 RBEAKXKBMBEFMIL VIPESELLE (x+s5,n=

8, pg/mL)
Tab 1 Comparison of serum MTL and VIP contents
of rats in each group(x+s,n=8,pg/mL)

i) MTL vIp

= EATHRAL 41826£37.10 362.10+28.67
{4 296.04+31.62° 54733+55.19°
BER AT A 336.91420.15* 500145050
A A 348,59 +33.74™ 48472436017
e 382.60£27.95" 41925+ 20,0477

TE: 5% O B LR, P<<0.05; R RIZE L4, "P<<0.05; 15 7]
AR IGR) B 4 L, P<<0.05; S5 BT B R R B LA, T P<
0.05

Note: vs. blank control group, “*P<<0.05;vs. model group,“P<<0.05;
vs. total asiaticoside low-dose group,*P<<0.05; vs. total asiaticoside me-

dium-dose group, 'P<<0.05
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33 MEEEFEXNEZEFDERKR/NGHEHILINE
HEz= RN

Hjos (0 IR b, BRI 4 FNFR 5 2 BRI L P )
41K /N i 0 EE A HE S R B R IR (P<
0.05) I RS 5 e 39 e 4 K B R AR 25 ) B
A2 G0 L (P>0.05) . SHIAAH HET,
TSR RFE b s AR BN E E AN S HE 2
K EETE, HEFlEd B HEs R B 3 5 TS
(P<<0.05) ; 1M 25 B G T 4% 571 o 4 ) AR F8 A 114 22 57
WG X (P>0.05) . 4K B/MaHEdE LS

HEas R LA W 2,
K2 BAKBNGHEHALFNBHSRILK (X+5,n=
8,%)

Tab 2 Comparison of gastric emptying rate and small
intestinal propulsion rate of rats in each group
(xts5,n=8,%)

il INAHEE Bff%
2 HATIRA 5503+ 1.4 7426437
euikil 3736£3.13° 4127243
AT BT ITR AL 47224208 5938+2.11"
eSSt e] 45.19+401° 63142500
et 5049+341° 693344527

T 578 PO B LA, * P<<0.05; SR HL AR, "P<<0.05; 5
TP A L4, *P<<0.05

Note: vs. blank control group, *P<<0.05; vs. model group, "P<<
0.05; vs. total asiaticoside low-dose group, “P<<0.05

34 MEEREWNARBEALR P ENSHRMEREY
S100p .GFAP .PGP9.5 RiZHIF MM

3.4.1  S100BHY D CILRIEE R 525 AR R LE
A BRI K BT S 414 S100BH A 2k B (2 3% i FL
ZaMi T E SRR DB THUZ S
A B R BAIC =R R U 24140 S100B
BRI 2 3k 27 B S ik, e RS e S v 7 K L
S 24 S100B PHH: 2R 38 0 A fe D AL T H £ WAL
2. B KR E 3244 ST00BPH I 225 By S e ek
6N 8 Al DL P 1 (e, Cy 3 i 2 61 F 3878 S100
BRAMEZRIE s DAPI YL a5 St I8 F T30 B S 41 2Ly 4 e
FE 7 s Merge EUZ TR & S MG, T2 £ ST00BAEZH
G ROE SIS DA

3.4.2  S1008.GFAP .PGP9.5 & [ 3¢ ik 1Y) WB ¥E 61l 4%
R A R g, SR AR AL S B AT L 7
2K RLUE 541417 S100B .GFAP & 1R IA K1 i 2%
TH i, PGPI.5 Kk /K1 i 25 P (P<<0.05) 5 T AR5 L L
T A A B R R bR K5 28 I IR 22 R 05
T2 L (P>0.05) . SEAIZH oA, BRAK ST 4 GFAP
HHAZA R E (P>0.05) 40, FUE B B 557
2K RUE SE 41414 S100p . GFAP & 1 1k /K1 2%
631 QN 5 =7 = B o 7 2 e WS B == 2
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A. Cy3FRicsGEl B. DAPI YL (a5 G4 C. Merge [#]
Bl SFHAKXRERAL[FSI00pRIEM RERNER
U R (x200)

Fig 1 Immunofluorescence micrographs of S100f ex-
pression in gastric antrum tissue of rats in each
group (x200)

SRR 2 ERFE AR K i 5 T IGR 2 PGP9.5 R

RBAFHRETHE, B 4z a8kt B2 s T

B FRR R, R o 2 2 B K F 2 e TR 2

(P<<0.05). K EE 54414 S100B8 .GFAP ,PGP9.5

HEFFRIBAHIKE LR 2, 85 kK A IR 3.

S100p | w— - T W a0

GFAP  w— " W e 53 D:
papos (WEIE S -- 27kDa

GAPDH — WHEG— O — S —— Do

ORI BRG] BUEERLRIT BRI
ISl rh R
E2 FTAEXRBEZRHLAH SI00p.GFAP PGPS EH
FIEH A

Fig 2 Electrophoretograms of protein expression of
S1008, GFAP and PGP9.5 in gastric antrum tis-

sue of rats in each group
35 MEELEXMAREZALA S GDNF RHEX
ERK/MEK {5 S 1# B 18 X B F 3R iE I =20
3.5.1  GDNF ik i fo 2 21 A kA I 45 525 %
HEA P, BRI KRR 55 21 2 rf GDNF PR RE W i
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®3 BREAXRBEFRHLHSI00p .GFAP PGPISEH
RiFKFELR (XEs5,n=8)

Tab 3 Comparison of protein expression of S100 ,

GFAP and PGP9.5 in gastric antrum tissue of

rats in each group(x+s,n=38)

415 $100B GFAP PGPY.5
ARG 1194011 0.85£0.07 1.74£0.12
R 246+016° 220+0.09° 0.61+0.03"
SETRES Y i el 178010 1.94+0.18° 0.87+0.06™
PSR Rl 1.40£0.96"" 1354£013"" 125010
BERETR AR 094006™" 10701177 1.92£0.16™7
525 F A LR, ©P<<0.05; HRIRIZ AL, 'P<0.05; 5K

TR IR) H 2 LU AR, “P<<0.055 SR BB R B LU AL, T P<

Note: vs. blank control group, “P<<0.05; vs. model group, P<<0.05;

vs. total asiaticoside low-dose group,“P<<0.05

o, BAERGE 2 A i S vh . SRR T, IRE
BRI b v R e 2 R U SE 20 2 GDNF FH PR
IR YA Sy HARR S R AT R R U SR
GDNF PP IATEAS A a2 b /b, I — 2 iy 3 i
WA, A4l R R E 324121+ GDNF £k i ez 4l
A AN o i P L 3

AZSPIRIRL]L

DR R Rl

D ARG R R Rl

3 BAXRBEALF GDNFRIEMEZANLZKR
il AR (x200)

Fig 3 Immunohistochemical micrographs of GDNF

expression in gastric antrum tissue of rats in

each group(x200)
3.5.2 GDNF,p-MEK ., p-ERK1/2 & 4 ik i) WB 246
MZER a5 o B P, AR A AT AR 35 R AR

R 4K L 1 92 4H 41 P GDNF . p-MEK ., p-ERK 1/2 %
F 2k K24 2 T (P<<0.05) 5 i AR5 R w771
HH KR EHL D FRIEFRKCF 538 0 IR 1 22
S TG L (P>0.05), SHEIEL g, B
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Tab 4 Comparison of protein expression of GDNF,
p-MEK and p-ERK1/2 in gastric antrum tis-
sue of rats in each group(x+s,n=38)

ikl GDNF p-MEK p-ERK1/2
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T B R IGR] A L8R, *P<<0.05 5 SRS R G ol i 4 LA, Y P<
0.05

Note: vs. blank control group, *P<<0.05;vs. model group,’P<<0.05;
vs. total asiaticoside low-dose group, “P<<0.05; vs. total asiaticoside me-
dium-dose group, "P<<0.05
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