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Ui EREK KT TR DR E hF P GAS SP AR, B H 1 (Firmicutes) A8 47 F &, 18 1 #49 Ace .Chao ,Sobs
5, B £ % SCF c-Kit & &G £ A KT 3 B FHAKL(P<0.05) ; 627 ¥ VIP,SS,CCK 7K, 3447 # 11 (Bacteroidetes ) A8 %+ 3 &,
+ =38 4L ¥ TLR4 MyD88 NF-kB & & F ik K -F 3 £ F 9% (P<0.05); B FAREMEKEF A2+ I mA R LEM AL
FLOTRKEREMALZE, SEAMILE, ELHARIA LRIFRTFRIE SR EH4(P<0.05), §FEMBEMEF ;ThAEE
FRATH L T F G R BN, HA KR T4 mRi ik 5 #k A . 5&R%mimb, R0 A K R ik K914
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Ameliorative effects and mechanisms of two probiotics combined with Aurantii Fructus Immaturus on
functional dyspepsia in rats

LI Zongnian, XIONG Ying, GONG Xiaohui, WANG Lanlan, GUO Zhongqing, JIANG Linlin, LIU Hongying,
DENG Kezhong(School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China)

ABSTRACT OBJECTIVE To investigate ameliorative effects and mechanisms of two probiotics (Bacillus subtilis, Lactobacillus
acidophilus) combined with Aurantii Fructus Immaturus (AFI) on functional dyspepsia (FD) in rats. METHODS Rats were
randomly divided into blank group, model group, positive control group (domperidone group, 2.7 mg/kg) , AFI group (9 g/kg),
L. acidophilus group (5X 107 cfu/kg), B. subtilis group (5X 10" cfu/kg), L. acidophilus+ AFI group (L. acidophilus 5X 10" cfu/kg+
AFI 9 g/kg), and B. subtilis+AF1 group (B. subtilis 5X 10" cfu/kg+AFI 9 g/kg), with 8 rats in each group. Except for the blank
group, FD model was established by tail-clamping stimulation+hunger and satiety disorder+swimming exhaustion in other groups.
After modeling, each group was given the corresponding drug/probiotic suspensions/physiological saline intragastrically, once a
day, for 14 consecutive days. After the last medication, gastric emptying rate and the rate of propulsion of the small intestine in
rats were measured; the levels of brain-gut peptide-related indicators [gastrin (GAS) , substance P (SP), vasoactive intestinal
peptide (VIP), somatostatin (SS) and cholecystokinin (CCK)] in the serum of rats were measured. The pathological morphology
of the gastric antrum tissue and duodenal tissue was observed. Cecal contents from the rats were collected for gut microbiota
sequencing analysis. The protein expression levels of tyrosine kinase receptor c-Kit and stem cell factor (SCF) in the gastric antrum
tissue, as well as Toll-like receptor 4 (TLR4), myeloid differentiation factor 88 (MyD88), and nuclear factor kB (NF-kB) in the
duodenal tissue of the rats were detected. RESULTS Compared with the blank group, model group showed significantly lower
gastric emptying rate, small intestinal propulsion rate, serum levels of GAS and SP, relative abundance of Firmicutes, Ace, Chao
and Sobs indexes of the gut microbiota, and protein levels of SCF and c¢-Kit in gastric antrum (P<<0.05), while serum levels of

VIP, SS and CCK, relative abundance of Bacteroidetes, as
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well as protein expressions of TLR4, MyD88, and NF-«kB,
were significantly higher (P<<0.05). The histological structure
of the gastric antrum tissue appeared basically normal;
however, abnormalities were observed in the duodenal
structure, with a significant infiltration of inflammatory cells
visible. Compared with the model group, all treatment groups

significantly modulated most of the above indexes (P<<0.05).
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The histological structure of the gastric antrum tissue was normal. Except for the B. subtilis group and the B. subtilis+AF1 group,

the pathological states of the duodenum in the remaining rats gradually recovered. Compared with each single drug group, most of

above indexes in rats from each combination group showed further improvement (P<<0.05). CONCLUSIONS The combination of

AFI with two probiotics can improve gastrointestinal motility in FD rats, and the effect is superior to that of using the drugs alone.

The specific underlying mechanisms may be related to the activation of the SCF/c-Kit signaling pathway and the inhibition of the

TLR4/MyD88/NF-kB signaling pathway.

KEYWORDS functional dyspepsia; Aurantii Fructus Immaturus; Bacillus subtilis; Lactobacillus acidophilus; probiotics; SCF/c-

Kit signaling pathway; TLR4/MyD88/NF-«kB signaling pathway

DiaetE LA B (functional dyspepsia, FD) 42 % L
R DIREMETH LB , BT A2 o I S e R
R R HEZS AR | R M B B A2 0 S TUORRE B i
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12 5 3N 1 25 sk 25 A TR A EA TVRYT™ s A R ZE TR PR RN
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W5, FD B35 19 B Cajal 18] 53 41 g (interstitial
cells of Cajal, ICC) 23 & A5 5 4 MU , NTTSE 00l 15 I 11
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Az ST B B DR PERERF . T4 P F (stem
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B BELT AT S BICC 1 S8 15", i AR R, + =
6 W 9 9 S ot B 2 b1 2 i il FD 9 FE 22 I =2 — i+
A8 NE S Toll #5714 4 (Toll-like receptor 4, TLR4)/
#6 #£ 7 1k Al F 88 (myeloid differentiation factor 88,
MyD88)/# H T kB (nuclear factor kB, NF-kB )15 5 1%
A M, TLR4 B3I AT J5 ) MyD88/NF-kB {5 53 f#%
1T WEfe R A, i 2 B R e R T, R B 1 4
Pt A% T, A HE ST UL R T SCF/e-Kit Al TLR4/
MyD88/NF-kB 5 538 [t , W52 AL 55 5 b ik W A 25 26 T
WX A FD R R it VR S T REAILAR, LASBI R FD Y
IRIGIT IR 5% .
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2] s SPW-DM AU L UKAE B B FEAER A= R A PR
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C. aurantium L. T H . 287l i (5 NHI3542,
FiA% 10 mg) W [ V5247 2% 1 254 BRA R 5 3 0 L 24
(HiL*5 P3761) Il [ 3 [ Sigma /& Al ; 3R H IL£4F 4 4
(k45 2208302) W [ V74 B Bk 2% e 0y A FR A B 5 B W &%
(gastrin, GAS) P #) Jii (substance P, SP) . Ifil & 6 1 7 ik
(vasoactive intestinal peptide, VIP) ./ K411 & (somatosta-
tin, SS) AHAE I 45 % (cholecystokinin, CCK ) i EE e 28 W
BFF I 52 (BLISA) ik 7] & (it 5 43 %1 4 MM-21284R1
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By VT o B e 2l A R A | BRI B- sl & A
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N i TLR4 . MyD88 \NF-«kB HifA (41543 51l 4 HY-
P80918 . HY-P80760 .HY-P80765) 31l [ 2 [E MedChem-
express 2\ F) ; FastPure % & ff DNA 43 23K 7] & (4t 5
C01-10000 )4 [ |- 36 3 A B 25 RH A BR A v
1.3 LIEENY

AHIFFE T K BCA SPF 4t SD KB, A TR 180~
220 g, 364 2,00 F B DU (b)) AR R A BR A ],
WL P AT IE S SCXK (51)2019-0010, K R EFR
WESZIG 28 2 R IE PRI FE 7 d, 3 H ROk, A
S P4 BRYVT PG v = 28 K27 S0 S ) 40 B A bR
17 A HE 454 20241107010,
14 4RE

WE TR FLAT 1 (Lactobacillus acidophilus , GIM 1.208)
AR B BE A DT 5 I S 448 5 A B 2F FAT 1R [ Ba-
cillus subtilis, CMCC (B) 635017 1 Hv [ = 22 1 AE W i b
P LA
2 Ak
2.1 R ETHIE

WU SR K 50 g, i 2 500 mL 27K, ik alif 1.5 h,
PRI 2R, G I L, 1 D85 e 4 i BT B R B R 0.9 g/mL
(LA 211 i 25
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PRI (RL A BL AL 7EHE B AHN 2545 74 4 h i, o H AR
SCZNWR) R LIR, SR 14 d,
2.3 ARBH= R R/NZHEFRAOE

KRGy , KEEEE RS K 24 h e E E a8 5
- [ AT (it ok mo) , HE B R FL 2 mL; 30 min J5 F 3%
PG L2 B BRI, 1 FE BBk R Il 10 mL, %3 R i 30
min J7 , A 3 000 r/min 2.0 15 min, B F 2 G R 17 5
Ao BUMSERS A4 KRR, BUl B8 Ng B
Jor , FRELE 4T (m) , Vi B A5 W T 7K A3 RS
H(m) PR EHEE R BHEE R =1 (n—mi)/me] X
100%™, LR 3 51100 8 2 035 R 24 [ AT B A ] 1)
B HERERR S (L) A B (L) TR/ NG HETE R .
INBHERER =L/L. X 1009%"", K45 )5, e KR
HA N BEHS S
2.4 KRR I A B % RA 48 X 8 AROK 4 i)

B2.37 30 5 AR B E R , Fe R ELISA BRI &t
B A R B i h GAS .SP . VIP.SS . CCK /K-,
25 KRBEALAM+IEHALNREZHENE

B2 3" m sy AU e ghE e, BT
1% Z R P IE P, 2K a3 YR EHTTHRAREK-
frergefn, 28 F A RS R 0 A WA K B S22
LU+ 48 AL 2 BR2E T A RHAE
2.6 KRIFEFEEKN

Be2.37 I N AR BRE N AEY , R DNA
A3 BRI SR E UL TR A 18 B R R JE I 41 DNA f# ]
1% B JEWH B JC HL RS, DN i 442 1 2 PR 21 DN Y 58 3R i
{8 H NanoDrop2000 Y ¥ i & 439 6 FE 110 % DNA
BERAE B &b alifb )5, ] NEXTFLEX Rapid
DNA-Seq Kit 1251 & X5 4lifb J5 19 7= Py e 1, 7541 H Tlu-
mina Nextseq2000 /775 % . 8 R ARG I 25 S 44
EEH AW =6 il T .
27 ARBEMHLAHRSCF. cKitfl+ 5 HAF
TLR4 ,MyDS88 NF-«B & 5 &% 7k F &

2,37 I 45 R BB A SUE & R,
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K HIBCA MR MR s BV S 3047+ =
S0t FE AL TR 1 - 3RS R s TR M5 s FEL VK, B BB, FH 5% I3t R 4%
¥E IR B 2 h, i A SCF . c-Kit . B-actin —Hi (Fi BB 43
17 1:500,1:1 000,1:5000), F4 CHHE LR K H,
FH TBST P/ 10 min, 5 & PR 3 U<, AR — Bt (B
BERE M 1:10 000) E M E 1 h, YEBE ; 2 W2 b B s,
K FABEIE BUASAS 1%, {5 ] Tmage J4KPF 43 A 2 (1 45707
JREEAE, L H M 15 NS 1 (B-actin) 1Y WK LS
Fon B E A FRIBK-. S0, [E By gk ok s+
8 h TLR4 \MyD88 \NF-kB & [ (i Be 15
1:5000)KiEIKF-o
2.8 GiTZESHT

¥ H GraphPad Prism 9 X {4 #1748 0 M. i AT £k
WA LS, B x £ Fom, 4R LR A
PR 2 2200, 2L P L R LSD-e A6 56 (7 2%
F5 1) 8% Dunnett’ s T3 K 56 (J5 22 AR 570 ) o K 56 7K
a=0.05,
3 R
3.1 KRBHZERE/NFHERERNER

HRKA R ,MA KR EHEZ R N R 5
FRER(P<0.05), 5 M4, 4254 K UE HESs
R NG R Y B TR (P<<0.05), 574 R41.B
20 430 H A, BL 21 K BRI B 3 0 36 1 8 3 T v (<<
0.05), ZERWEIL,
Tl BEARBHIZZER/NGHEHERE (x+s,n=

8,%)
4l % MatkiER
K4l 63.76£291 56994229
M4 50.00£0.62¢ 34901236
Y4 01432168 413111180
74 58382310 435612.00
B4l 59321199 43871245
BLA 01241194 49.27+0.96™*
R4 57082198 $/L1LY
RLA 5863£221° 46.5142.20°

a: SKAH F#, P<0.05;b: 5MAH FL#, P<0.05;c: 524 L #,
P<0.05;d: 5RA 4, P<0.05;¢: 5B L4, P<0.05,
3.2 KRR o f % Rk 48 X B AROK E A 45 R

5 KA, M ALK RS H GAS (SP /K14 &8 3
FEAIG, VIP . SS \CCK ZKF-H) i 3% T+ (P<<0.05) ; 5 M4
FLH, £ 4 25 LR BRUMLYE H GAS (SP /K34 e 3 T 5
VIP . SS.CCK 7K F- 3 i B AIL (P<<0.05) . 5 Z4].R
20 B 414 ) Fb#¢, RL 41 M BL 41 K KU ' GAS , SP
(RL 41X} b B ZH BR A1) KP4 d 2 T 55 (P<<0.05) , VIP
SS.CCK /K4 i ZE AL (P<<0.05) , Z5HRILFE 2,
3.3 REEHANT I ELANREZHENE
&R

BRI E LW IE R B A s 2
55, FRRJZ A T B SR, TC AR AE AR , B sE 4140
TeaR R AS . KA Y AR+ 48R a5 #1155
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R2 BHXRMBGMKBXERKFLE (xts,n=8,

ng/L)
45 GAS sp VIP $s CCK
KAl 64962554 169.60£596 9229+2.69 4711245 SI8T0£15.14
MAL 29434367 11T44445F 134204738 14AE1408 711401465
YH 461546060 136841537 1045144810 10648+550° 605564241
24 WETELY 1SASEDLT 1B04£45P 116951979 636.18+2490°
BAL 454083900 1533314400 LLT2£5200  11645£379°  60635£17.68°

BLAL 55584253 1669341020 104514263  101044521%% 553,18+ 1436"*
R4 250£299  13033£374 1181244930 12047£337  656.88£14.29

RLAL  SI814288 159034314 102542184 106744202  §7533+20.76""

a: SKA L, P<0.05;b: M L#, P<0.05;c: SZ4H L5,
P<0.05;d: SR 4, P<0.05;¢: 5B 4k, P<<0.05,

[ 5% HES BRI, B R B 40 M T Y5 IR AE , Bl e
PR AR &, 1) B A W e e i i ik, e R

ANfIZNE . M4 B4] BLALK R+ 48 mas it
SR KA ERGE , KRR L K AN B SR 5t , B
I JZ2 BB 200 e 5 e A S i/, T DL K A RE A IS 5 Z
2 R4 RL ALK 48 W 41 205 BRI ik 2 1
WLRASTREE AN MRS, S5 R ILIE 1 E 2,

y e ]

TRk

E.B4 F. BL4{

E.B4l F.BL4]

)
#

1 BFAXRERA[REFZHENRE

34 KRFEFRERNER

TETTKFE B, 5 KA, M 41K RS BET ] (Fir-
micutes ) F X 42 3 i A (P<<0.05) , T ] (Bacte-
roidetes ) AF X 32 B I 2 T (P<<0.05) 5 5 M4 LA, 4%
S22 KRR RE T 1) AR 3 B 44 2 T R (P<<0.05)
VR TR T ARG = i 44 J S5 BRI (P<<0.05) 5 5 Z 41 [hA,
RL 41 \BL 41 K FURBER | AN B 22 57 RG24 7 X
(P>0.05) , $LUFF IR I TRHXT=F B 35 f 2 7 i (P<<0.05) , A%
JE T ] (Proteobacteria ) X} 32 B 14t 2 P41 (P<<0.05) ;
5B RLAL BLA K RUSERER ] JEUAT T TAGAIXT
FRE R TSE R L (P>0.05) ; 5 R4 HL# , RL4H |
BL 41 BURERE A ] AR T =F B 34 1 25 R IR (P<<0.05) , 4
FFRAT AR 3= B 45 0 2 T =5 (P<<0.05) . &5 DLIEL 3,

#F—2im1d Ace Chao Sobs f8 806 K A E R o 2
FEMEIEA T 00T 5 & B, 5 KA HeAss , MR U T A )
Ace,Chao,Sobs f8 45 i & 4K (P<<0.05) ; 5 M 4H Hbst,
B2 K B T HRERY Ace. Chao. Sobs 5408 i 35 71
171 (P<<0.05) ;5 2241 RA5 HeA: , RL K FUzIE Y
Ace Chao.Sobs T84 b E T8 (P<0.05) . 454 UL 4,

¥

B U7 « BB L L A 21 €K« MORZIAL 2B €5 3K « SRS
2 BAKXR+ZIHEMARREFHEURER(HELE TR A 50 pm)

+ 1596 - China Pharmacy 2025 Vol. 36 No. 13

T2 20254857 36 547 13



AR /%

0
K# M4 Y4 zZ4

B3 J|AXRITKFEBFERKERE

B4l BL#4 R4l RL4

1400
1300

b b L bed

1200 b

1100 == - * ﬁ L]
#1000 :

%00 ' K -

800
700
600
500
400
300

AcefEEL

K4l M4l Y4l ZzZ41 B4l BL4l R4l RL4L
A. Ace FaEURINZE T

1400
1300
1200

b b b. bed
L
1000 .

900 .
800
700 5 »

Chao 15 %

600
500
400
300

K4l M4l Y4l z41 B4l BLAL R4l RL4
B. Chao #5 £k 2

1200

1100 bed

b
. b b ~ —
m*ﬂﬂ-#iaq
800 . o

Sobs FE 4!

700
600
500
400
300

K4l M4l v4l z41 B4l BL4L R4l RLZ
C. Sobs FEEUKNI 44

a: SKALH, P<0.05;b: M4 LE, P<0.05;¢: 5Z41 L%,
P<<0.05;d: 5R41H 4, P<<0.05,

4 FHEKXRIFIEEEE Ace.ChaoFlSobsFEEH0MIZE R
35 ARBEHLAPSCF. cKitfl+_45HHALA R
TLR4 .MyD88 .NF-«kB & H R iA/KF il 5 R

5 KA R, MA K E$E4H4h SCF . c-Kit 8
F K AKOF 1 B AR (P<<0.05) , + 48 I 41 4
TLR4 . MyD88 NF-«B & [17 5 K F- 34 i 3 i (P<
0.05)., S MALLHE, #K4HHRRE AL SCF.
c-Kit 8 [ FRIk K1 1 2 7+ (P<<0.05) , + 48 I 2
21 TLR4 (B 41 1 BL 41 F%4h) \MyD88 \NF-«B £ [ %
KK B ERER(P<<0.05)., 574 R4 B4
5, RLZ BLALUK B EA8Y 1+ 482 b Ko
RO 2 TS AR (P<<0.05) . S52R I3 3.
%5 .[& 6,
4 1Fig

FD J&—Ff 7 - I AH EAE FH B , JLARRIE 2 Jo 28
PSR 08 PR, P E R T R B A T SR AR
S 2R B R R FLAT B XT FD YA IR AR,
ARSI 5 W D 25 28 R BRYT FD Al BEAT B A7 3R
P, R AL G AWK A S 14d)5,5
ML LLER , #5245 2540 R BRI B HEZS 36 N A iE R 3

T2 2025 4F5 36 45 13 1]

*3 BAKRBTHLHSCF . c-KitFl+i5HARN
B TLR4 .MyD88 NF-kBE B RIEKFELL K (x +

s,n=8)

413 SCF/B-actin oKitfpactin-~ TLR4/B-actn ~ MyD88[B-actin ~ NF-kB/B-actin
K4l 0.91840.023 092940021 0.323£0.068 0.19240.023 0.384£0.039

M4 0.536+0.024 040910047 0936£0.046° 0.916+0.060° 0977£0.017

\Eil 0.700+0.029" 0.780+0.049  0339+0.024° 0.393+0.051° 0.465£0.016"
74 0.695 +0.030" 0.728+0.091°  048610.025° 0.590+0.073" 0.504£0.007
B4l 0.72840.017 0.684 40,087 0905£0.057 0.763 40,020 (.764£0.065"
BL4 0.702+40.025° 0.80140.073  0.862£0.057° 0.75540.029%  0.802+0.014¢
R4 0.723 40,016 071640057 0.721£0.052° 0.48240.034 0.56140.023"
RLY 0.880 40,013 0.894+0.071°  0403£0.025  0342£0.030*  (.399+0.057

a: 5 K4, P<0.05;b: 5 M A LA, P<0.05;c: 5 Z 4 g,
P<<0.05;d: 5 R4, P<0.05;e: 5 B4 4%, P<<0.05,
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— --— .
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s .
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FiXHKE
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