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[ Abstract] Objective: To investigate the effect of modified Renshen Wumeitang (MRWT) on the
related regulatory factors of the y-aminobutyric acid (GABA) signaling pathway in colon tissues of rats with

diarrhea, and reveal the mechanism of MRWT in invigorating Qi, generating fluid, and checking diarrhea.
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Method: Forty-eight SD immature rats were randomly divided into a blank group (n=12) and an experimental
group (n=36). The diarrhea model was induced in the experimental group by Sennae Folium combined with
overstrain and improper diet for 14 days. Subsequently, the model rats were randomly divided into a model
group (normal saline, 20 mL-kg"') , a western medicine group (Medilac-Vita, 0.7 g-kg') , and a Chinese
medicine group (MRWT, 35 g-kg'), with 12 rats in each group. The rats in the blank group received normal
saline at 20 mL-kg", and those in the other groups were treated correspondingly, once a day for 7 days. The
general condition, loose stool rate, and diarrhea index of the rats were observed daily. Immunohistochemistry
was used to detect the optical density expression of GABA protein in the colon of rats. The content of
phosphatidylinositol-3 kinase (PI3K), protein kinase B2 (Akt2), phosphorylated Akt (p-Akt), and interleukin-
18 (IL-18) was determined by enzyme-linked immunosorbent assay (ELISA). The mRNA and protein
expression levels of PI3K, Akt2, and GABA type A receptor subunit 8, (GABRB2) in the colon of rats were
detected by Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) and Western blot,
respectively. Result: Compared with the blank group, the model group showed worsened general condition,
The difference was not statistically significant of loose stool rate and diarrhea index, increased expression of
GABA protein (P<0.05) , elevated expression of PI3K, Akt2, p-Akt, and IL-18 (P<0.05, P<0.01), and up-
regulated PI3K, Akt2, and GABRB2 mRNA and protein expression (P<0.01). Compared with the model
group, the western medicine group and the Chinese medicine group showed the improved general condition,
decreased loose stool rate and diarrhea index (P<0.01), and decreased content of PI3K, Akt2, p-Akt, and IL-18
(P<0.05). The Chinese medicine group displayed decreased mRNA expression of PI3K, Akt2, and GABRB2
(P<0.05, P<0.01) and down-regulated protein expression of GABA, PI3K, and GABRB2 (P<0.05, P<0.01).
The western medicine group exhibited down-regulated mRNA expression of PI3K, Akt2, and protein of PI3K
(P<0.05). Conclusion: MRWT can regulate the GABA signaling pathway, reduce Cl flow in intestinal
epithelial cells to the intestinal lumen, and improve the imbalance of colonic fluid metabolism in the colon of
diarrhea rats, thereby exerting its effects of invigorating qi, generating fluid, and checking diarrhea.

[Keywords] modified Renshen Wumeitang; diarrhea; y-aminobutyric acid (GABA) ; y -aminobutyric
acid type A receptor subunit 8, GABRB2) ; phosphatidylinositol-3 kinase (PI3K) ; protein kinase B2 (Akt2)
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E WA cRE A | SR L (=3

y- 8T R (GABA) M Oy — Fift & 5 R 4 228 i
i, Z 5 MR Z MG 3. GABA .GABA Z 1K K
H AW W %5 7 7 4 FR o GABA B 7 5 & 4
(GABAergic signal system) ., IT4-K ,GABARE(S 5

. 60 .

RGN FRIBFER E AU PR T ikl 2 R 58
HARP AR 2 H 2 88 B &R AR SE 1T 5 h A A [A]
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J& ¥ 3 30 min, B K & W S KR 15 min, UL 4 2
200 H U8 A o U8 5, 5 HCE R, RO 2K E 4R
1 000 mL, BR B, bR i JF /A7 22 4 °CoKAE 25 FH o ik
NS S inbn AT AW S 45 8 g, Il
WILgy IRE T HEE ARE WEFLS g, K HE
3g MFE 1 g, 350 g( U144 3 far 46 T 25 0K B
AR 2w A A S 5 1810040, 1811046,
1901104, 1901141, 1709044, 1811031, 1903014,
1811021809074 .1901053) ., 477 fin4fi K At & 2 W%,
JE 5 10 4% 5 (500 mL) K& 8 4% & (400 mL) 45 B 4%
1 h,200 H 3808, &I U8, WU W4 2 & B 24
1.74 g-mL" B, BR A 5 IR A7 22 4 °CUKAE & . 19
WK % (b nt ik 56 25 A FR A ) L 4t S20020037) , #1
M1 g/48 A7 TCT 4 °CYKAH RO 47K 40 mL fin#4
30°C, IMAIGKZ 1.4 g, S HE Y HH.

122 4 ds DL b2 i Ko 25 RV 3 el R
Hh B 28 K 2 50 ST = R O

1.3 KX f  GABA Bk (3 H Abcam A W, it =
ab86186) , LI *FEHi o /Bl TVEW k47 ! DAB I 7 &
(Jemh 2 S E WA R A | A5 4 51 28 SP-9001/
9002 .K135925C) , K B85 ig 1 JUL I -3 98l (PI3K) |
5 2 1k 5 11 BB B (p-Akt) L Akt2 ., 141 i/ % -18
(TL-1p3) Tt 5% 4 338 W o 0 5 925 (LIS A ) i 57 & (11
il 3K A= W B AT B2 F] L 5245 43 5 m1003142-2
ml238004-2. ml260371-2. ml003057-2)
Total RNA Isolation Kit/RT Easy™ II /( il #F 45 br 4= #)
AR AR LS 43 %) RE-03011 . RT-01023) ,
Sso Advanced™ Universal SYBR® Green Supermix
( % [ Bio-Rad 2 A , It 5 1725274) , Akt2, PI3K .
GABAA %! 5% {1k B, 7. &1 GABRB2.B- Il 3h & 1
(B-actin) PL A& HAR i S0 A6 B (HRP) 47 ic 1L 24t
R PEER & 1 (Ig) G H&L (JL[# Abcam A ], it 5
I3 9 K ab179463 . ab151549 ., ab156000 . ab49900 .
ab205718) .

1.4 {488 2016 BV Y i HL(EEEBR R AR,
CFX Manager™ Software3.1 A 52 5¢ 6 i B 4
% X 2 1 (Real-time PCR){X/PCR 43 # #X £ . MINI-
P4/MT-BLOT MOD/PP BAS %I i { Hi ik 5 El & 4¢
( 2 [# Bio-Rad /A %] ) , Nano Photometer N50 Touch
Y 52 40 4 66 B T (P2 [ Implen 24 H] ) , A300
R PP 3 AL (BT B LR IR A BR A ),
Champ Chemi 610 % 4> [ 3l {b. % & S EE I LR R 48
(b 5 FE AL B A B> F ) , MULTISKAN GO
T 4 9 K b5 X ( 32 [ Thermo Scientific 23 7] ) ,

, Animal

Multlskan Mk3 7 4> T 58 fifi #7 1% ( 5% [&] Thermo Fisher
/N 7l ), Image-Pro Plus 6.0 K 1% 43 ¥y B4k (£ H
Media Cybernetics 23 7l ) o
2 Ak
21 SRR K48 HSD K RMEMES 2,
i N PE MR 2 d, AL 12 AR S E R AL, A
6 HZMOCHR[10], R I FIE M-S T (9706 Ty iy K
TR S A SRR Ty 1 AR ST R B S R A
FLR AR - B H 0 ok KR A B P (HL IR K BT
G5 JE L LA 30% F 5 bR E ROREE B, 30 min 5 IF UK
v (4R BUCY H AR T 5 1Y 5% 57 BUOR B 22, 9 2%
FRBEMRIIG , BT 40 cm /KT, 30 °C /K 1 7K
UK, AERRSREBEKT 5s, il M 1)) .
PRGN TR EKS. U ERBEY
VIR/d, 2 14 do BRI E)  OE 20 R MR 7%,
HA AR H AT AR, 2% 0k 10] 07 0 EAh
TR ST, SR FH 43 )2 AL Ak 7 3 A5 78 BB AL 43
Jp AL VGG N 2 2, B2 12 H M 4%
6 H, MR
22 Uik SRR IE R A AR DA
FER K WE H (20 mL-kg') , V6 25 41 45 T LA 4wk 2% v
B (0.7 gekg) , AL T AS Sl
(174 g¢-mL") ¥ H (35 g-kg") , ¥ 1R/, EZE T d.
DL b T2 500 5 0 o B 0 T AR DR 2 i 0 F 5T
EE
2.3 MARE YT HTdE FEAREK24,
B BEMLAIE 6 R, A 7% /KA & (5 mL-kg")
I T3 ST BRI, % T T B AE O 1k, B O O BT 43 A
TEE A UL | 4~10 cm 35 Bl N 45 I 1 41,
A TR K VR S A T A 6 5 1 em KB ER A, 4 63 A
A 10% T B [ 2, 2 4 A RNA R, BT A
PR BT -80 °CUKFE PR AF , I THE AR I
2.4 FEbRkE I
2.4.1 A 2 A TR BR 45 1 GABA E H B
WG 14 %3k WS AR 2K A3 U R G
@ K YE A H, S JE I LA i B — B (1
200) 4L, SOy o UG B R 3 28 vh i (PBS) K %
#DAB B ARFEHEY F SR 86, WKk
VLORARRRYE  EERK A ERHMRSE R
L%, F# A% Image Pro Plus 6.0 I 5& Jf- 315 F 1
2.4.2 ELISA Kl K Bl 45 I PI3K | Akt2 ., p-Akt &
IL- 1B & i 45 mtn A sk 4 °C,7 000 r-min” &
O 10 min( B0 242 9 om) J5 8 LI, R BURR
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M, 2R H BCA YA E S MR .+ I ELISA i
A VLW A HEAT A

2.4.3 Real-time PCR il K 45 I PI3K . Akt2.
GABRB2 mRNA [ #i5 & JHl Animal Total RNA
Isolation Kiti® 7] & $2 B 4% 41 25 17 4 21 & RNA, 4l b
J& BT PCRAX Bl AT i % 5 . 1T304, #17 Real-
time PCR 2 W ( S W 2% 14 4y 95 °CHZE 1 30 5,95 °C
55,55 °CIB k 30 s,72 °CHE1 30 s, RAED G,
ASNHEIR ) . Lh B-actin AN S KA, 22 gk i B
mRNAMIXf Kk, A gl mA TAY TRE
) Ay A B ", 51 P s 2k 1.

x1 5l9F5
Table 1 Sequence primers
519 R 5-3' K /op
PI3K I Ji# GCAACCGAAACAAAGCCGAGAAC 112
T if TCGCCATCTACCACTACAGAGCAG
Akt2 I GCTGGCTGGACTGCTCAAGAAG 99

T TTGATGCTGAGGAAGAACCGATGC
GABRB2 _Lif AATGCTTGCCTATGATGCCTCCAG 150
T TCGGGGATGGTGATTTTCAGTTGG
B-actin ¥ GGAGATTACTGCCCTGGCTCCTA 165

T GACTCATCGTACTCCTGCTTGCTG

2.4.4 7 90 B B (Western blot) 46 I K Fil 4%
% PI3K . Akt2 .GABRB2 & 1 ik &5 17 bn A i U
A1 (25 0.1 @) J5 , in vk ¥ B RIPA 24 i ¥ 1 mL
(1% TritonX100, 10% SDS, 0.15 mmol-L" NaCl,
15.4 mmol-L" Tris-HCI, 0.5% Jlii 22 JEfZ , 1 mmol-L"
J5L A R 90 A1 RocheMiniEDTA-Free 25 [ il 417 ] 51
pH 8.0) ;A 7 P B R4 U 45 44 , 4 °C 1 J7 r-min” B
O 15 min( B 0242 9 em) J5 B B IS, DA & A 4x
Laemmli P FF & 2% v i, 224 (98 °C, 10 min) , HLIK |
%% PVDF JI§ 5 £ 1, il —$Ht PI3K(1:1 000) \Akt2(1:
2000) .GABRB2(1:5000) .B-actin(1:1J7) & —4i
(1:2000) , I 5E ¢ B4 53 B AR & 48 347 43 4 43
Br, 5 DL H B8 AR R A B RN
2.5 itk R GraphPad Prism 9.0 #0448
T, i i SR DL xs R S BIRRA G IES 4
A1, 7 2655, R LR 2R 07 22 43 #r L 2R 18] 3T /s
k25 5 1 (LSD) s 7 U AN AP & IE S 40 A, 7 22
ARFF, 4 1A] He % Mann-Whitney 325 , A P<0.05 4 22
SAGEE L
3 £R
30 XEE KRR —MBIER W EH AR RAE
.62 -

KEFER, LRI BhLRERA. B 14d)5
REBIEE W, LTS8 R W6 2 B O R4S
O B4 TG 5 AR ITCI IR B U 59 , L HE 6
4 R KR E R A B, 2T d
Je ARV RAE SN, TE 25 A S rh 25 Al oK B
SR, BAOGS AL RE 6 5 R U HEHT
BEOE R AR 55, A 0T K BT I R, 4 22
SIG 2R L

3.2 XTAIEVS KRB ER L EERANZm 5
TR 14 d 41 Fb A, B 4 K RO B R T 38
ZEF IG5 SRR R ) HE AR 5
FERVZH P, v 25 4 (V8 25 A0 (A R TS 4R 4
FREML(P<0.01) 48 /R PRALA 3% 1Y 1k VS /B H LYY
BOHEY . k2.

F2 MKASSEFHEEARFERRMESHBAOHM (ris,

n=6)

Table 2 Effect of modified Renshen Wumeitang (MRWT) on

loose stool rate and diarrhea index of diarrhea rats (x+s,n=6)

2151 /g kg i A6 2/ % IRCE R
AR 14 d 4 90.00+1.19 2.01+0.31
A 70 2 89.90+5.64 2.12+0.48
[T 0.7 38.26+3.61" 0.86+0.15"
th 24 35 33.39+2.31% 0.74£0.14%

TE S5 14 d4LH A U P<0.01 ;5 SRR 4 H 5 2 P<0.01

3.3 XFHEVE K R4S 44 GABA B KA 1 52
5IE R4 e BERLA K R 45 7 41 40 GABA 5 [

F kBB E A (P<0.05), 5 BIR A AL, o 2h Al

GABA ZE W] . Fi#(P<0.05), WLIK1HIF3,

C D
TE:A. IEH4L;B. BN C. FE2541;D. 254l (K 2[7])
Bl1 MEASEHINESAREHEALGABAERRENF
W (Fe 2 4K , x400)
Fig. 1 Effect of MRWT on expression of GABA protein in colon
tissue of diarrhea rats (IHC, x 400)
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x3 MRASEHBIMNEFTARAREHELR GABAEBRIEN
B (x+s,n=6)
Table 3 Effect of MRWT on GABA protein expression in colon of

diarrhea rats (x+s,n=6)

4 51 /g ke GABA
ERA 0.20+0.01
AL 0.24+0.01"
[ 0.7 0.21+0.01
GRESEE] 35 0.20+0.01>

TF 5 IE % 4 Y P<0.05; S 4H H A Y P<0.05

3.4 X IETE K B4 W 41 81 PI3K . Akt2 ., p-Akt J
IL-13 L M52 5 1E % 41 e, B A 4 PI3K .

Akt2 , p-Akt } TL-18 7 &t ¥ B & F+ % (P<0.05, P<
0.01); HAERIA AL, v (P4 25 4 PI3K . Akt2 . p-Akt
KAL-18 & & ¥ B &R 8 (P<0.05) , H W 2H Z [A] [
BERTGEITFEL ., Wk4,

3.5 X TE K B4 4 2 PI3K . Akt2 . GABRB2
mRNA Rk 5 I1E# 4, B 4] PI3K .
Akt2 . GABRB2 mRNA % ik ¥ g 3 F+ & (P<0.01) ;
5 R A L, 2 4] PIBK., Akt2 &2 GABRB2
mRNA % ik W] & F B (P<0.05, P<0.01) , 75 25 41
PI3K . Akt2 mRNA &35 B i T F# (P<0.05); 5752
20 A, 25 4 PI3K  Akt2 & GABRB2 mRNA # ik
ZRTGIFE L WEKS,

K4 MKASEEGZYESAREHHESRAPIBKAKR. p-Akt & IL-18 KX I (X+s5,1=6)
Table 4 Effect of MRWT on PI3K, Akt2,p-Akt and IL-18 in colon tissue of diarrhea rats (x+s,n=6)

2157 il /g ke PI3K/ng- g Akt2/ng- g p-Akt/nmol- g IL-1B/ng-g"
IEH 4 5.15£0.95 37.53+14.12 43.77+11.95 0.43+0.23
IR 2] 9.00+£0.70 60.53+1.64" 90.18+8.14% 2.25+0.69
LR 0.7 6.72+0.88% 39.95+5.88% 54.60+12.23% 1.04+0.53%
gl 35 6.68+0.95> 39.74+7.87% 44.76+27.47% 0.96+0.58"

T 5 I AL U P<0.05,7 P<0.01; 58RI 4 H g P P<0.05

x5 MEASLEHFXEESXREHASRPIBK.Ak2. GABRB2

mRNA RiZEH I (x+s,1n=6)
Table 5 Effect of MRWT on PI3K, Akt2, GABRB2 mRNA in

colon tissue of diarrhea rats (x+s,n=6)

HH FE/gkg! PI3K Akt2 GABRB2
WA 1.2240.24 0.85+0.15 0.82+0.47

T TR 2] 5.01£1.56"  2.40+0.52"  3.10+0.48"

Pizh e 0.7 2.36+0.80 1.50£0.10°  2.03%0.54%

CAESE 35 1.39+0.44”  1.07+0.10Y  1.56+0.33%

T IR H A LBV P<0.01;5 45 R 4 I 8P P<0.05, P P<0.01
(%6)
3.6  XTHEVS K B4 5 4141 PI3K . Akt2 .GABRB2 &
HRIR N 5 IEH 4 R AR PI3K LAkt
GABRB2 4 1435 W 3 JH 5 (P<0.01) ; 5B AU [
#, 2541 PI3K .GABRB2 & [1 % ik b 3 F B¢ (P<
0.01), 752541 PI3K & [R5 2 T 8 (P<0.05) ; 5
PO 240 4, R 25 40 PI3K J2 GABRB2 i 5 W i .
L2 f 6.
4 iTig

Y5 05 4 9 BEAIL )+ 43 2 2% , AT R S 7K R fi
RO E IR O R 1 T B 2L O B
P i T A5, e KR R U A G A TR A K A R TP I
V5 11 F B LA R R B AN [ R R K

PBBK - - 110 kDa
. -

AR . e S WS

GABRB2 ,- - 5ok
g
practin. D S .,

A B C D
B2 fRAKRREHALPIBK.AK2.GABRB2 EARXMHEK
Fig. 2 Electrophoresis of PI3K, Akt2 and GABRB2 proteins

expressions in colon tissues of rats in each group

F6 MkASLEH#FHXEEXRLEFAELPI3K.Ak2.GABRB2

EAREMIM (3+s5,n=6)
Table 6 Effect of MRWT on expression of PI3K, Akt2 and

GABRB?2 protein in colon tissue of diarrhea rats (x+s,7=6)

A A ke PISK' Aktg GABsz
/B-actin /B-actin /B-actin
IEH A 1.000.06 1.07+0.07 1.04+0.10
H D 2 7.01£0.42"  1.87+0.13"  8.95+0.44"
(e 0.7 5.97+0.46% 1.60+0.09 8.53+0.58
BRESE G 35 2.58+0.17"  1.68+0.17 6.53+0.42

Lo 37 W A I 05 18 WL A “ORE 40, B BB A
HES o NS G R T TP LS o A
. 63 .
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RURR Z — Ik A2 5 Mg 17 78 LAl B 25RO
RE ER L AR e ALY, S
F/NLME A Z0E . T AS SR
R Z E250 Hilk 2 < R A, L= 25 S
15 222y, U1 b B W 405 2 9 AL R A AR B Ll
TS R T 2 Ty, L 2 AR 0w 2 A
71, SRR E T RS A R R e
b L2 g5 AR s A RS Z ) T
PR 3 3 W 9 36 B I sk N 2 5 M 37 g G i i
5 AR AL O BRI i AR R i B A R kR
ARSI T

GABAREfFE S ARG MM ARGE T FER
00 P PR L T2 A A T ORI A B L R 4R
DL P R A 2 T A DG B R 3R R R Th
BB BIZTE Bl [ B A P R ML G g A5y T 2L A
BRI ORI R W GABA BE(S 5B M R 4
TE i Rl A B A )12 3235, GABA Fl GABA 2k
7 1 18 T AR % 5 I b i 8 38 T P [R) A R dE R s
A 2 5 e 208 g 0 53 W Mg g
W i T G R S RE N AR R R R AR
WM 28 2R G2 GABA REAZ 18 19 ik i 28 7 Hh 9 CLl
T JE R Y 7R B 4141 GABA J&
i b Bz 4B PN B 4 S R I R Tl (GAD65/67) & I,
Wk Ay s 5 A3 W T SRS H B AR b
Y H A% I GABAA Z KA (GABAAR)CL# iH |, 5] i
bR AR P CEAR I L 4 BlK | g T DA i R S
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