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[Abstract] Objective: To investigate the effect and mechanism of modified Sini San in ameliorating intestinal mucosal

barrier by observing its effects on short chain fatty acids (SCFAs) and high mobility group protein Bl (HMGB1)/receptor of
advanced glycation end products (RAGE) signaling pathways in chronic stress rats. Methods: The 50 male SD rats were
randomly divided into control group, model group, low-dose modified Sini San group (7.34 g-kg'-d") , high-dose modified Sini
San group (14.68 g-kg'+-d"') , and Fructo-oligosaccharides group (3.15 g-kg'+-d"') , with 10 rats in each group. Except for the
control group, all other groups were subjected to chronic unpredictable stress/social isolation to create a chronic stress model for
6 weeks. After 4 weeks of modeling, each treatment group was given corresponding drugs by gavage for 2 weeks while modeling.
The control group and model group were given the same volume of physiological saline. The effects of Modified Sini San on
behaviors, body weight, Bristol score in feces and fecal moisture content in chronic stress rats were observed. Hematoxylin and
eosin (HE) staining was used to observe the pathological changes in the cecum. The content of SCFAs in the cecal contents of rats
were detected by Gas chromatography-mass spectrometry (GC-MS). Immunohistochemistry and Western blot were used to detect
the expression of HMGB1/RAGE pathway related proteins in cecal tissue. The levels of ZO-1, Occludin, and Claudin-1 in the cecal
tissue were detected by enzyme linked immunosorbent assay (ELISA). Results: Compared with the model group, the sucrose
preference rate, total distance traveled and the number of grid crossings in the open field test of rats in the low-dose modified Sini
San group were obviously increased (P<0.05, P<0.01),and the immobility time in the open field test and the immobility time in the
forced swimming test of rats in the low-dose and high-dose modified Sini San groups were obviously reduced (P<0.05, P<0.01).
Meanwhile, the Bristol score and fecal moisture content of rats in the low and high dose groups of modified Sini San were obviously
increased (P<0.05). The low-dose group of modified Sini San had intact mucosal layer structure in the cecal tissue and reduced
infiltration of inflammatory cells. The content of SCFAs in the cecal contents increased, with a obviously increase in the content of
acetic acid, propionic acid, butyric acid, and isovaleric acid (P<0.05, P<0.01) and the expression levels of HMGB1,RAGE, Toll-
like receptor 2( TLR2) , Toll-like receptor 4( TLR4) , tumor necrosis factor-a( TNF-«) , and nuclear factor kappa-B p65(NF-«B p65)
proteins in cecal tissue were significantly decreased (P<0.05, P<0.01) in low-dose group of modified Sini San. Meanwhile, the
contents of ZO-1, Occludin, and Claudin-1 in the cecal tissue were obviously increased (P<0.01) in low-dose group of modified
Sini San. Conclusion: Modified Sini San can improve the function of intestinal mucosal barrier in chronic stress rats by increasing
the content of SCFAs in the intestine and inhibiting the HMGB1/RAGE pathway.

[Keywords] modified Sini San; chronic stress; short-chain fatty acids; high mobility group protein B1 (HMGBI1)/
receptor of advanced glycation end products (RAGE) signaling pathway ; intestinal mucosal barrier
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Sk 0.08 0.8 4 24 50 60 80 100

2.4.42 FEAACEE  FRIUE BN A PIAEA 20 mg, il
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Table 2 Effect of modified Sini San on behaviors in chronic stress rats (x+s)

@ g ke WA B e 3¢ U35 (n=8) B i K A B )
(n=9)/% BIEHME eom S TR i 1k 6 16 /s (n=9)/s
ek 79.04+9.35 512.84+149.26 21.384+2.97 98.02+34.23 54.11£19.32
A 70 2 45.78+10.24% 354.85+76.24" 16.13+3.68% 190.34420.44% 145.22434.64
Jon ek G 5 HECAV ) £ 2H 7.34 72.33+20.75% 480.39+96.96 20.88+2.53% 139.75+29.00" 63.33+17.37"
Jowk V3 e AR 2 14.68 59.14+17.36 405.98+125.84 18.25+2.12 133.45+28.68" 103.67+25.35%
TR A4 3.15 68.75+11.52" 453.41+96.92 21.88+2.95 145.28+22.73% 98.67+41.35Y

TE: 525 4L E P P<0.05,2P<0.01; SR 4] Fe A Y P<0.05,Y P<0.01(# 3.3 4 %K 6-% 9[d)

3.2 TR DY O A8 R R OR BROAR  ER  2E fE
Bristol 'F-43 FEME & KRBT 525 U LA B

AU 2H A B AR B 26 8 Bristol ¥ 43 L 26 &K R
I T R (P<0.05, P<0.01) ., SHIAIZH Hed, finigk
. 35 .
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DU 538 HICAER e 7 2 % AR SR RO 4 R B A A o £ Y

(P<0.01), W#3.

W E N (P<0.01) . I HL 0wk DU 53 R v ) e 4
K BB 2& A Bristol 31 43 FE 4 & K R B B T+ 5
(P<0.05) ., ‘SAEARIZ He e, IR SR SR BH 4 KRR AY 2%
TKEHE LA EAEG, ZREARIIYEE XL
T3 0RO R b BBk R R B 2 4E Bristol .5 KBS K EMBIN (7t

Table 3 Effect of modified Sini San on body weight, Bristol score for fecal characteristics, fecal water content in chronic stress rats (x+s)

TN 10 396 AR 50 £ DAy e R 45 AR i DR R 3
A5 R R 2 U5 A A ) 52 ) T G T e R B AL
BAT 5 a5 R R E A

R BT i 22 52 5

fi
44
A BIF 5 3k A 4 4

el /g ke A (n=10)/g (i Bristol iT-43 (n=9) /43 FT E K (n=9)/%
EgEE] 427.80+25.29 3.44£0.53 58.24+11.21
R 335.40+17.92% 2.44+0.88" 42.01+9.86%
Sk O 5O R A 4 7.34 391.80+18.98" 3.22+0.44% 56.62+4.39%
Tk O 5 e AR A A 14.68 372.90+20.74Y 3.11+0.33% 51.53+8.09%
IR R bl 2 3.15 384.70+25.27Y 2.78+0.67 54.28+10.06>

R4 NMHOEFNEBUENYIAREHRERENEEN

i

&

3.3 Jnik DO o e R EOR BRCE T b IR S
Wep e H IS HE Qe a5 R R, =
F1 2 K B 1 20 S TR 10 i) A8 1 9 A 5 4 2
JC W 2 T A o A T IE A R MBI 2
BT AR B W 21 236 5 b BRI AY 4 B 2% L T
B, ELAT IR 2R 5 2 58 % 8 T 2 AT DL 8 A A M 4R T
HENUZATEMW R A — SR R,
MR DU 30 HCAVR 79 5 R SRR B 2 K U i
2 5 K S8, 93 M A0 IR IR T A e e, DG W I 4
fio 525 A 8 B2 R B W B s R W 3
B, B Es  E  35 FEIR (P<0.01) o T i bR 170 53 ik
R0 2 4 0 AER 3R SR Ml R SR M o S R R A TR
A1 A, BRI R B 5 (P<0.05, P<0.01) .
UL TR 4,

AL P B R C ik DU 5 I 5 4k 2 5 D AIRER SR
(P 2 FE 3 )
E1 mkmOEgdEEEE AR EARAREFLENZMN
(HE,x100)
Fig. 1 Effect of modified Sini San on pathological changes of

cecal tissue in chronic stress rats (HE,x100)

.36.

(X+s5,n=3)

Table 4

Effect of modified Sini San on crypt depths and crypt

densities of cecal tissue in chronic stress rats (x+s,n=3)

141 filks H ks H ks
/g kg WE/mm  EEA /mm?

ISk 0.28+0.02 55.34+2.93
A5 70 2 0.34+0.02  41.47+1.78%
Jom g G 56 A ) 4 2H 7.34 0.29+0.02"  51.04=1.75"
IR 2 3.15 0.30£0.02"  54.16+4.48%

3.4 TR DU EOG 12 M R R BB N A
SCFAs &% U2 SCFAs bR il 4k W5 5, fr
HIGFRI) R ¥>0.99, W R MEZR . 55 A4l
BB T LR NIRRT R R R R K R
& HE 4 0] R & (P<0.05,P<0.01), T RRAY & 47
TR H2EF TG X Sk ink i i
MRIT I, LR AR T IR AL IR i) & 1t W] b |
T+ (P<0.05,P<0.01) . 5 TRRAGEMN &G EA LIt
R AR 2 I G2 S TR R S0 T L
FHLWNIR R & (P<0.01), W6,

#£5 7 SCFAs IR i £
Table 5 Standard curves of different SCFAs

SCFAs T i h 42 R’ LM il /mg - L
] Y=0.377 6X-0.003 2 0.996 4.8~600
[5)icd ¥=0.128 5X-0.001 8 0.995 2.4~300
T Y=0.274 5X-0.002 3 0.998 2.4~300
TR ¥=0.179 0X-0.004 3 0.994 1.2~150
i Y=0.348 4X-0.004 1 0.997 0.4~50
SRR Y=0.342 8X-0.006 3 0.997 0.8~100
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F6 MMukMFEETEMENBXREHNEY P SCFAs FEM I (¥+s5,n=4)
Table 6 Effect of modified Sini San on SCFAs in cecal contents of chronic stress rats (x+s,n=4) mg-* g"
415 ik /g ke i W2 T 5T LR SR
S HUA 3.66+0.49 2.46+0.22 2.03+0.19 0.08+0.01 0.20+0.04 0.07+0.01
AR 2 2.64+0.13% 1.42+0.22% 1.64+0.57 0.07£0.01" 0.16£0.01" 0.04+0.01>
TR DU 3 AR 7] 7.34 3.25+0.22Y 1.85+0.26% 2.39+0.09” 0.08+0.02 0.20+0.04 0.06+0.01>
R R R 20 3.15 2.49+0.33 2.18+0.28" 1.2540.17 0.06+0.01 0.110.03 0.05+0.01
3.5 Jin R DU g R 12 v N R BRI 41 4 fik 7 £ 41 HMGB1.RAGE . TLR2 , TLR4 , TNF-a [
HMGB 1/RAGE {5 53 #% A1 0 85 11 2 3k 19 5% i '3 F 35 B B 98 0 (P<0.05) , 1fii NF-«B 2 [ A B AR

SHHA LR, EAYHRKRE WA S HMGBI
RAGE.TLR2.TLR4 . TNF-a NF-«B & [11 3 ik W] i
B4 (P<0.05,P<0.01) ., S5 FL A%, Ik o o i

R7T NGRS B8 R K RS 5 HMGB1.RAGE . TLR2,. TLR4.TNF-a,NF-«B & i%

PH 2 F G = KR R B4 HMGBI .
TLR4 , TNF-a £ [ i 32 34 /K 7 B 5 %Ik (P<0.05) .
W7 K2,

Y80 (x+s,n=3)

Table 7 Effect of modified Sini San on expression of HMGB1.RAGE.TLR2. TLR4.TNF-a.NF-«B in cecal tissue of chronic stress rats

B2 fn Rk PO B X 18 1 R 8K LS B HMGBI1.RAGE. TLR2,
TLR4.TNF-a NF-«B R &0 (A4, x200)

Fig. 2 Effect of modified Sini San on expression of HMGBI.
RAGE. TLR2, TLR4, TNF- a. NF- kB in cecal tissue of chronic

NF-«B p65 65 kDa

GAPDH 36 kDa

(X£s5,n=3) %
21 5 kg ke HMGBI RAGE TLR2 TLR4 TNF-a NF-«xB
A 3.63+0.79 11.26+1.13 1.310.17 1.80+0.09 3.35:1.04 3.83+1.22
I 41 7.20+1.12" 14.28+0.41" 4.95+2.01" 5.22+0.78 7.28+0.36 9.09+1.45%
Jom A D 355 IO ) 2 7.34 4.50+0.90" 12.31£0.69* 1.70£0.12% 3.32£0.27Y 4.73£1.27Y 5.84+1.45
IR R 3.15 4.84+0.75" 13.01£1.50 2.12+0.84 3.83£0.25Y 4.96+1.34" 6.97+0.53
RAGE.TLR2,TLR4,TNF-a . NF-«B p65 % 1 i %
HMGRT KT TS (P<0.01) . 5 BRI W B, ok
TR TR B 2 ORGSR R B 4 OR BLH B 41 4
RAGE HMGB1,.RAGE . TLR2, TLR4, TNF-a . NF-«B p65
IS B AR (P<0.05,P<0.01)., LK 3 %8,
TLR2
TLR4
TNF-a TLR2 _ 89 kDa
_2005m_ _200m_

stress rats (IHC, x200)

3.6 R DU EL 6 PE N M OR BRUE 4 4
HMGBI/RAGE G Sl M EARBIHNEW 5
FHARE ,EAHKRRE WAL HMGBI1

A B C D
B3 SHAAREHAL HMGBI.RAGE.TLR2, TLR4, TNF-a,
NF-«B p65E B &% B ik
Fig. 3 Electrophoresis of HMGB1.RAGE.TLR2, TLR4.TNF-a.
NF-kB p65 expression in rat cecal tissue of each group

.37.
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xS MBRMFE BN AR EHAL D HMGB1 . RAGE . TLR2, TLR4 . TNF-a NF-«B p65 FiEK FEHEM (¥+s,n=3)
Table 8 Effect of Modified Sini San on expression of HMGB1,RAGE,.TLR2, TLR4,TNF-a.NF-«B p65 protein in cecal tissue of chronic

stress rats (x+s,n=3)

21 51 #4k/g kg HMGBI/GAPDH RAGE/GAPDH TLR2/GAPDH TLR4/GAPDH TNF-o/GAPDH NF-«B p65/GAPDH
S 14 0.37+0.09 0.37£0.11 0.46+0.11 0.38+0.08 0.33£0.15 0.37+0.06
AR 2 1.03+0.10” 1.05+0.08> 1.0420.08% 0.98+0.10” 1.01+0.05” 1.07+0.10%
I IR AL 7.34 0.82+0.04" 0.79+0.10% 0.80+0.08" 0.79+0.11 0.83+0.08" 0.870.10"
IR SR 3.15 0.58+0.08" 0.60+0.11* 0.62+0.12% 0.630.10" 0.64+0.05" 0.620.07"

37 Jmmk o E xRN MR E AR
1 Z0O-1.Occludin. Claudin-1 &M EmH H25H

(P<0.01) . SR 2H F A, Ik o s i i 5] & 4 i
R EBHARKRE WAL P ZO-1. Occludin,

A, BRI KR E B 4l8 P ZO-1,0ccludin,  Claudin-1 & B ET &, E R AASHIT¥EX
Claudin-1 19 & & B ML, ZR A ASIT#E L (P<0.01). WEI.
9 hNR MO AL X2 M R K B E B B 42 Z0-1.Occludin, Claudin-1 § M (v+s,n=6)
Table 9 Effect of Modified Sini San on contents of ZO-1,Occludin.Claudin-1 in cecal tissue of chronic stress rats (x+s,n=6) ng-g’
21 5 Fl 4 /g kg Z0-1 Occludin Claudin-1
U 245.54+9.36 203.29+9.56 179.92+12.09
AR 2] 51.02+6.70% 32.18+5.86% 37.67+5.20%
JorA: D 3 AR 50 24 7.34 128.12+4 43" 98.37+8.79" 79.96+8.18"
IR R M2 3.15 157.81+6.74" 147.32+10.54" 111.18+6.76"
4 itig A2 450 T B E T B s TR VT B B B s

b B A R s B IR RN RS, B EOR
) 2 55 0 A B 0 TN S i o e AL 1 v
WECE I RE AL 2 RN IE ik E R L R A T
b & G GE R S AR AR & SRS AR AR . BRI AR
o & A S R R R B VAW B A, AR
WAL L BOHLBEL MY, B AR, RDFARAC S (AR
W& R -Af) ="K Mg, SETE, 2L
BHBH Al 720 SRR B Tk 2R R, AR AT 5] g R 2
BRI R b 2 R BN 9% s %O a9
J K AT A SRS B AAR B o] R B S E AR . O AR
A0 Ry RE IR 508 P B s P RE KL Y R B AR
ARl . FEASE G e, 0 N R R A BRI R K
TR Wi S B R Bl B R o AR AU A
2 359 4 2 R AIG L W 37 52 6 i L B I RTS8 38 R VK AN Bl
B[] 45 2 (1 20 2 0 3 e, 488 7R o A oy 3
ff Bristol W43 5 38 £ 7K 6 0T £ 4 S e K B
45 % HEE I 25 5 538 D RE, H Hb Bristol 43
1~3 AR R AB S, 4~5 70 R BAUVE L , 6~7 > £
15 o FEAE 9 7K 3 g 2 P BT 5 A K 43 1 BB, K
R RN, & ACRBAR RN R T 45, A0t
% H AR AR 2] KRR T i B R R B, 3648 Bristol PE 43
iRTP A== o 2 T o (NS (B N
T X5 Z AR — 8, A, B B R

. 38 .

JEE AT DA R X — &5 o TN 48 Tk DU 396 H803A 9 T
VLN O RAT B B B H I R A, 4
o 785 R5% 5 B DI R, 18 A 1 R R B AR T i .
T WA V3 AR ) £ A Il R A AR =, Rk 2 6
RN B 7K 2 104 52w B S AR o R R A AR F 5
TE FH oA U 6 I ) e 2 K BRI R S 22 5

A IO 39 A B R M ] 9 BRI T O
ANFRER Z 55, 07 h S g B, 3K S0, R
e MRS AT R TS B AT SR T, 3%
Ak, 2 S B I 4 A AR A, Bk R s
TN T s R TRk o £ R
VIFNE , N RE Mz o 9% Bl 5 28 8, F i B,
PR IETE s R H R SOk e R 2. ey R
TS (A O E A iE S TR Y T A
TS IRYT B W T Re ZE AL R A

A R i 38 TR RE 0 T AR ), SCFAs 7] LU
% IEC R A2 A, KA I s 18 480 48 45 17 26 J e
WD REMER . Horh 28 (R LT R 7 SCFASs
BRI 95% AT, —H B R E R 31117, 4R
i L P LLAERE i OE B B e Y MR L
A YR BUE R VE T, AT BH 1k B 3 i AR R AR
TR AT G TEC B 2R 1H 19 G &R B IR 32 44, 4 it 2R
FIHE A 40, 38 3 = 52 W 1 25 o IEC $2fib e it , 42 iF
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LA RS 58 B o3 AT A 45 1 18 B B 14 S0 B 2

7 7% P I B 2 — A o B 3k B Mk 1) T B M R
RSt , v] LABH 1k 305 04 P F N B R A E Y R
i B b B T Ak R b W U i T R B R
27 IR F RO W B B I 4 S BILA R R LR
Yy Bt B Ak B B G BE B . AS [R] B R 22 0] ) AH
AR AR i 3 PR R B 8 T A 3K R T R IR S R
oy T R R 7 R (TT) J2 i b IR OB
AR ) G B . B UL Y T A ZO-1. Occludin,
Claudins, K.t ZO-1 BJEANEHEH , EE S 5 E
ot B A5 5 % 5 L B A0 AR P TR B AN i 3 A S 4y
A 0G0 2 8 5 25 5 F2Y L Occludin J2 I8 5 %5 % 12 4
M., 25 %% %50 BN A5 5 I8 40 ik v i 4t
R B 240 B 1) 28 B2 9 98 15252 Claudin 2 1 R %
2 5 B 1 00 B T RE R R s T RRC . B
FERVIKI A T8N M RET , il ZO-1,
Occludin . Claudins & [ /) £ ik it T B, I 3 155 57 P
() 55 46 32 400, P JEE PR L AR R R B N ik
DU R DL Rk b M N R BRE W ZOo-1
Occludin , Claudins & F [ & 3k , £ 3 17 26 I Bt B (1)
ife .

A 5T 2, SCFAs 1] LA 3o el 4 7 18 4% 4 3
N TI 2R A B o 23 i 266 5k s (i Th e Bildn
LR AT R AT R AIK 1 48 M Ay 25 -6 (IL-6) Al TNF-a 55
JE T 19 K F, I Occludin, ZO-1 %5 & [ 1) &
K, BTG o 266 IS0 3 1 F 7 i 8 AL AR B
W R AT AR F IEC i # , 40 il NLRP3 & % /) 4 Al
TLR4/NF-«B {5 538 #% 1 3 7% , I 4 Occludin . ZO-1
e Claudin-1 [y 3R 3k , B AR i 25 538 3% 1, 003 W 26
BBt D) RE . WFoE £, HMGBI11E N o fE R 4
SR R oS i YA B AR P = R U
S AE JORE A0 MG, 00 3 W 40 R N 2 40 . RAGE
VE R —Fh s AR (A, )z 3k T F W40 L o0 A% 40
Ji 4 42 b 41 i B, HMGB1 5 RAGE B A /& 3% Al
J1, TGS TR AR R 40 . TLR2 AN
TLR4 2 /5 B O SF (9 28 10, m] 5 & 6 9 U 1 2 Ak
T R S R S W . RAGE 5 TLR G E ]
i 0 M AMME S, 8 Y NF-«B 15 5 18 BRI, ik
SAEAL T TSP R T 5 5 HMGB 1 A 4 fifg o
B, 5 RAGE 454, IF 4 TLR2/TLR4 k% 15 5, i
7% NF-«B {5 5l %, I TNF-« %2 % [ 71 %
ik B R A B IR e R B R Y
SERE R B 205 30U B W O M TH Y. NF-«B
FEHIVE 22 S e HE PR 1) e 3k | FL0E 1 32 2 R 1K T

B p65 T . NF-kB p65 = 55 4 il 34 5 |, %o 9 It
RAE G L TP L B A L Bl AR AE L R A B SR 5 R
N A ML Y 2RIk B R L IEC 1 Rk Y
NF-«kB p65 1 ZO-1 # Occludin 25 TJ & 4 1 454 ,
HE T 0% IR 7 38 B Y . TNF-o 4F g — i 6k 40
HeAE BT, T3 A6 4 41 i O 3R i B 48 RE A
A 5% & I TNF-a 7] B % Occludin A1 ZO-1 19
B 0 6 R OB BE IR b R A0 R R
A 5T 45 J 0 s 0 v O 3 R G B e K R
HHNAEY T R N T RS SCFAs /K, F
8 HMGB1, RAGE . TLR2, TLR4, TNF-a . NF- kB
p65 ik, i B b B & iE , I ZO-1. Occludin
Claudin-1 %5 TJ 25 19 7 &2k, 15 58 17 25 57 s D) 6 .

g5 B TR 0 O 39 RE 68 2 1 PR N R B
1% % W% Bt W 2y B, AR AL AT Be 5 42 g
SCFAs( LR TN IR . T IR . 5 R ) 1Y & i, 10 4l
HMGBI1/RAGE {5 % i # , T # NF-«kB . TNF-a [] %
ik, B0 ZO-1,Occludin , Claudin-1 45 TJ £5 A i 7K
H K. AW T i SCFAs 1 if 1 HMGB1/
RAGE {55 5 18 % , B B8 i o DU 338 18065 42 1 1 38 K B
% 75 FE o W 9 W AE VR S BL o BT 5 g — 20 F
FE MR DU 36 IO B 6 R B A0 i 2 A VR L andz
FH 540 1 22 20 27 D0 P R 485 75 40 A A4 22 S R A
Jt i Ak G 3R OF B IR X AR T i AT 24 80 4y 43
B, 50 W3 1) AL B SR

[FIZFHR] AIRAEEATHZF R,
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