TR A SR IR Jan. 20, 2023, 50(1): 313-323
Microbiology China DOI: 10.13344/j.microbiol.china.220295
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

IR B R B 8 FR 7/ K BR A% 18 FE FE 0 TLR4/NF-kB
ER=BCk g 0kAR

ERE, BANC BRFET HRAD, MH’ RFE KF

1 IR EZIESR IR BE 2B, IR BFr 250014
2 IR EZREMEERE, 1A s 250014

3 DA BEA R AR B, 1L U 250014

4 IR B RARBESRE, ILR Urm 250014

4

<t

T2, HEW, HRIE, HRE, WHk, BT, KEE. B AR R K BU%E BB TLR4/NF-«B {5 5 % 157
WHLT]. TR, 2023, 50(1): 313-323.

WANG Cuiju, MIAO Xiuming, GUO Liangqing, HAN Xiaochun, LIU Lin, QIAN Yujie, ZHANG Xiuting. Effects of Qiwei
Baizhu San on intestinal barrier and TLR4/NF-xB signaling pathway in diabetic rats[J]. Microbiology China, 2023, 50(1): 313-323.

i OE: [HF) Lo R8T A TE77 AN PR PTECY N B, LT ok 55 R B EHE R Jh MR By
FARIL s mATE| ;AR . LA 6] R Lok @ RET 8 kR K S 8 B e KR B T 69 #em, F
Fat EEAAE . [ %] 60 2 L4F 2 5% R AR (specific pathogen free, SPF)%k SD # 14 X R AL A
FAM. BEE. ZFRRAALAGRKEG. T ARKA A, FA 10 R, BIEEHERET
(streptozotocin, STZ)8) 7 ik 1 T4 i K RAER!, ZAOLK AL T EFIRE, A 4E ., = F WK
fo bk R ZH. T KA AL T IESBKRE. BERSE A ZF Aok & RHE
Ra, ZOAFAENAARLEKET., WRETNEXRG—REFRIL, TR 4 A5,

& 8 3 A AL AT A M = I o 4% (fasting blood glucose, FBG). = ik & % (fasting insulin, FINS).

fi& % #% (lipopolysaccharide, LPS); B8 %, J& & # X34 (enzyme-linked immunosorbent assay, ELISA)
A & e i /)~% -6 (interleukin-6, IL-6). ¥ J& 3% 78 B -F -a (tumor necrosis factor-a, TNF-a)7K-F; &
) 7 AR -7 41 (hematoxylin-eosin, HE) 4 & 75 LR A28 K R LA R R, S AL iE LK 4
M 4R occludin & & 89 & &A% B B & A KT, Western blotting 34 = 40 4% #F zonula occludens-1
(ZO-1). occludin. Toll-like receptor 4 (TLR4). 4% B § kappa B (nuclear factor kappa B, NF-xB)%& &
MERZE, [$R] Hrai, 450 EARAZMaEE>11.1 mmol/L, £7ALITFEX
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(P<0.01). 5AEA 2R k4R, Lok & R, F 7 20 K R FBG A P T &, £ % L4 F & L (P>0.05);
Lk G REZH TAA —FUIL KR FBG ¥R TR, S5EMME £FH %13 EL
(P<0.05). HAER AR, Lok REIK. F . H A A = F MARZL K A FINS. LPS. IL-6. TNF-a
KPFHBEEK, ZFALITFEEZTA(P<0.01). 5Eaaks, #AMKIME@HET T, B
R E A BN MR, MoK B Y oA RY, FIREAR Fakmiesd, occludin
Ea-FHAEEMR FEILP<0.01), HAERAIE, Lvkd REKHH TAR = F WA X R4
EHFVBA T, TEMERIT, £MAREEKENA ARREGWE, @S ER Y,
occludin & @ -F ¥ % EAL A RRE A2 B A 3 (P<0.01). Western blotting 7, 5AEA 404,
LR ARKGHN ZHA T IA KR AL ZO-1. occludin O RLEHHE, 2FA%
it % & L (P<0.01), TLR4. NF-«B & & kL Z MK, 5ARR I £ F A %it 3 & L (P<0.01).
[£#4])] L RKTABE LAMHE R B EEEGO RIS EIEARFE SIS S, fEHFER
HAE M, iR F LPS /K-F, 7% TLR4/NF-xB i3, &'V IL-6. TNF-o & Xz RE T894

A, MR BAUR KRR, BEM B E IR,
KiIE: kA R MRBFIKL;, M AR, KJE; Toll # < 1& 4/4 B F kappa B
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Abstract: [Background] Qiwei Baizhu San can be used to treat diabetes caused by deficiency
of both qi and yin. Especially in recent years, it has been widely used in improving insulin
resistance of diabetes mellitus. [Objective] To observe the effects of Qiwei Baizhu San on
intestinal barrier and inflammatory factors in diabetic rats and to explore its mechanism.
[Methods] Sixty SD male rats in specific pathogen free (SPF) grade were randomly divided into
a normal control group, a model group, a metformin group, and high, medium, and low-dose
Qiwei Baizhu San groups, with 10 rats in each group. The diabetic rat model was established by
intraperitoneal injection of streptozotocin (STZ). Rats in the normal control group were given a
normal diet, and rats in the model group, the metformin group, and the high, medium, and
low-dose Qiwei Baizhu San groups were all given high-sugar and high-fat diets. After
successful modeling, the metformin group and the Qiwei Baizhu San groups were treated with
metformin and Qiwei Baizhu San by gavage, respectively. Normal saline was given by gavage
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in the normal control group and the model group. The general living status of rats before and
after treatment was observed. After 4 weeks of drug intervention, fasting blood glucose (FBG),
fasting insulin (FINS), and lipopolysaccharide (LPS) were detected by an automatic
biochemical analyzer. Interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in rat serum
were measured by enzyme-linked immunosorbent assay (ELISA). Hematoxylin-eosin (HE)
staining was used to observe the pathological changes in colon tissues of rats in each group, and
immunohistochemistry was used to observe the expression position and level of occludin
protein in colon tissues. Western blotting assay was used to determine the protein expressions of
zonula occludens-1 (ZO-1), occludin, Toll-like receptor 4 (TLR4), and nuclear factor kappa B
(NF-xB). [Results] As compared with the normal control group, the FBG of rats after modeling
in each group was >11.1 mmol/L (P<0.01). As compared with the model group, the FBG of rats
in the low and medium-dose Qiwei Baizhu San groups decreased, but the difference was
statistically insignificant (>0.05). The FBG of rats in the high-dose Qiwei Baizhu San group
and the metformin group decreased as compared with the model group (P<0.05). As compared
with the model group, the levels of FINS, LPS, IL-6, and TNF-a in the metformin group and
high, medium, and low-dose Qiwei Baizhu San groups decreased (P<0.01). As compared with
the blank group, the intestinal cells in the model group were disorderly arranged, the intestinal
villi were incompletely broken and sparsely spaced, the goblet cells were significantly reduced
and unevenly distributed, accompanied by neutrophil exudation, and the average optical density
of occludin protein was reduced (P<0.01). As compared with the model group, the intestinal
villi of the rats in the high-dose Qiwei Baizhu San group and the metformin group were more
arranged neatly and completely, the number of colonic goblet cells was restored to varying
degrees, the neutrophil exudation was reduced, and the average optical density of occludin
protein was increased to varying degrees (P<0.01). The results of Western blot showed that as
compared with the model group, the protein expressions of ZO-1 and occludin in the ileum
tissues of rats in the high-dose Qiwei Baizhu San group and the metformin group increased
(P<0.01), and the protein expressions of Toll-like receptor 4 (TLR4) and nuclear factor kappa B
(NF-xB) decreased (P<0.01). [Conclusion] Qiwei Baizhu San can up-regulate the expression of
tight junction protein in the intestine, promote the repair of intestinal mucosal mechanical
barrier, maintain the integrity of tight junctions, reduce the level of serum LPS, inhibit the
TLR4/NF-xB pathway, and reduce the release of IL-6, TNF-a, and other inflammatory factors,
thus reducing the inflammatory reaction and improving insulin resistance of the body.
Keywords: Qiwei Baizhu San; insulin resistance; intestinal barrier; inflammation; TLR4/NF-xB
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B T80 CukFHI-A7F £ -
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1.6.2 Z=f§ I ## (fasting blood glucose, FBG)
#0758 fE R I3 %= (fasting insulin, FINS) &9 &

BOR BUmEREAS, kM4 A sh A b Pl
I FBG #1 FINS.,
1.6.3 f§% #E(lipopolysaccharide, LPS). H7}
%-6 (interleukin-6, IL-6). By L% E F-a
(tumor necrosis factor-a, TNF-a) B3 E

BOR BUMIEFEAS, R4 A sh A4 #r il
M LPS; 4% B ELISA 7] & i B 45 4 B
Y, i IL-6 Al TNF-a &,
1.6.4 ZERAAAYIFRIEF W E

BUK S IR T 4%0) 2 B P R R
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W H U I & 2222 4k
1.6.5 HEBNERNEHLELR occludin EH
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WU 2 5 g5 I A T A s, YA,
BRI BELT PR A AR, Iy A
WM—HEY R, 4 CHFEER; Hin—9mE
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(3,3’-diaminobenzidine, DAB)& 47 B 4, ¢/,
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A B P MEREESIAAPEARE
AL, bR E A ; it Image J 9 H1
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1.6.6 Western blotting ;542 Elf72H4R ZO-1.
occludin. TLR4. NF-kB EAXRIXE

K 2 F G2 9% BV (Western blotting) 325 K
M- 20K LR 724 ZO-1, occludin, TLR4,
NF-«B % [1 £ ik it . RIPA 24 i $2 BU i

R R i Bl

M, BCA &K EFWRE . B 20 pg
HE IR i 8 1 e A R N - R TR A T Y R M
Hovk . B B = R W S N M (polyvinylidene
fluoride, PVDF)X, S5%JBAE W5 == B 141 )5
A3 I —4T ZO-1 (# R 1:1 000). occludin
(FiBELL 1:1 000) . TLR4 (Fi B L 1:1 000) \NF-xB
(F& L 1:1 000) . B-actin (FFE L 1:1 000), 4 C
WEHE, WEEREL 2 v (phosphate buffer saline,
PBS) ¥k % J5 U i B 1 51k W) 18 (horseradish
peroxidase, HRP)FRiCH)FEHL M 1gG i (Fh B
Et 1:10 000), i F#F & 1 h, PBS Jkik)E i H
ECL fb2= %ot A Bk, #il TANON GIS
B O G55 I BE AR . LA B-actin SH N 21
B H W AR AR R
1.7 FitEFZE

KH SPSS 25.0 BAFHATH T 50 HT . SE
B e AP AR i 22 0, SRR 3Ry 22
ST, LA P<0.05 WZESAH ST FE L.

2 HERE4M

2.1 FBHXRIATAIRE—MRIFERME
SRR, BRI RAET: 2 B, Bk
FIRBUR S EPET: 1 H, HAR 4 KRR
Too BT R EBETZ R (1) bl v 51 45
EETE ; (2) SV EE S MBS BOWAE R RE -
2 4R RS MRS, WmahAaW, BE
FAERE, RBAERE ., SRR RIES D, K
MZERE, O, a2k, ZaRHEE
SEREAR . ERREAAREUR ., L SRR S R
A, B4R R R RE R A A [ R
MBI o FF OB DK RS i e A 78 2 K LA
HBOIGE, HHE, 2R AL ERERAH .
2.2 RAKFRIME FBG. FINS BJLLER
s AR, AR A 45 AR RS g i
BEE>11.1 mmol/L, 2=5A 5118 X (P<0.01),

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



318 WA

FIER

Microbiol. China

Uk A TR 21 % 25 FH 25 241 R BRI A A R TRl RR FE 1Y
B ZHHT, FFERRIE R R R A, SR
A, EWRAREAL. PRELAKR FBG A
JFRE, 2RI FE L (P>0.05); LKA
ARHE R AL — XU KB FBG YR T
W, 225G L (P<0.05), i H-EWREAIAR
R R RS B OUIRA L  22 R RS2
X (P>0.05), SR LS, -ER ARG, H .
o 1) 4R HOBUIRE K B FINS 337 B dg A1
ERA G L (P<0.01), T H-EMW A AR
Fl 5 B NN te e 22 % L4 3 X

(P>0.05). WL#& 1.
23 HHEXRMFE LPS. IL-6. TNF-a 7K
T EE R

Ha AR, BRI R % 254
KEL LPS. IL-6. TNF-a HI/KFE¥THE, Z5
Aot E L (P<0.01), SHEREIERIA L,
S NS N € AN L= N D L 25 N
f. LPS. IL-6. TNF-a MK FRE, 2594
Giit2E R X (P<0.01), T H-E M AR E 7
5 OO i, 22 5% 82473 L (P>0.05)

(% 2).

F1 FHYHKER FBG. FINS KFELEE

Table 1 Comparison of FBG and FINS levels in rats of each group

20 %1 Group 8 Number of rat FBG (mol/L) FINS (mmol/L)
%% 141 Normal control group 10 7.13+1.78 12.52+2.14
FERI L Model group 21.69+4.61" 28.68+2.07"
LR AR () 17.97+1.85" 20.71+1.89"%
Qiwei Baizhu San group (low)

LWk A B () 10 17.51+3.18™ 21.77+1.96"""
Qiwei Baizhu San group (medium)

LR LR () 10 14.85+1.94" 20.02+1.60""
Qiwei Baizhu San group (high)

T H U4 Metformin group 10 13.66+1.22""* 17.90+1.07""#
F 33.72 76.38

P 0.00 0.00

S A4, T P<0.05, T P<0.01; SEIRAHE, f: P<0.05, ¥ P<0.01. FIA

Compared with the blank group, *: P<0.05, ™ P<0.01; Compare with the model group, *: P<0.05, *: P<0.01. The same below.

#z2 HBAKXRLPS. IL-6. TNF-a 7KF LR

Table 2 Comparison of LPS, IL-6 and TNF-a levels in rats of each group

215! Group % Number of rat LPS (EU/L) IL-6 (pg/mL) TNF-a (pg/mL)
%% 41 Normal control group 10 228.57+£21.56 87.99+7.95 105.71£9.94
HETIZH Model group 707.72460.94™  187.06£11.70"  263.42+£21.38""
EUNER N €19 9 623.10£18.43"*  166.32+£8.07"  209.59+13.15"#
Qiwei Baizhu San group (low)

EUNEF N €I 10 506.31431.54™"  126.37+7.08""  172.28+7.73"""
Qiwei Baizhu San group (medium)

LR IR (7)) 10 363.53+33.317%  105.94+8.06""  133.83+12.00""
Qiwei Baizhu San group (high)

T HXUARA Metformin group 10 283.64+47.277"  102.82+6.98"  133.19+9.87"*
F 224.71 144.78 155.13

P 0.00 0.00 0.00
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55 A R, BRI ZE R B AT L3
1 B 2R L HES 2L, W 9B W RN 4 HL[R) FE
B, MRARARIEIA Ss > H A ANy, [RlE A
PERCAHDE , UERAREIR G K RE5 I L2324
A REAFTERAE S ; SHEPRITREARIZAAT L, LR
P A g 791 o 2 e — H OBUIER B i 0 B HE A1
BONEESS, SeRVERT, SR R R
ANFIRREE WIS, PPk A 2 s (B 1)
25 FHHEKREHEL occludin EEHIE
LRIk KF

Occludin & 1@ TAIMIAE, S A4l
B, OBEREEIR A K occludin & 109308
2% P I8 25 FFAIR (P<0.05), 1M H. occludin 25 [14)
MER, HHIEZAMR, EELrE o s,
SRR IR LA, LR PR e R 2 K
T HXUACR B occludin 25 -390 %5 B 5
151 (P<0.05), occludin & [ 5341 1 3% 224 A1 57 %

1 KREMBELHE FETHE A
Figure 1
San group (high). D: Metformin group.

PEXIAT Fir b3 (K 2 F15k 3).
2.6 FAKREPFEAL ZO-1. occludin,
TLR4. NF-«xB EARIA=E LK

s A g, BRI R 45 254
KEMIEHL Z0-1. occludin 5 75 R K%
i, ZRAGIT2E X (P<0.01), TLR4, NF-«xB
EORZIEHTIAR, ZRAERITEEX
(P<0.01); SHEPRIAIIA] g, Bk AR
A K — HRUICAE K R IRl i 404 Z2O-1 .
occludin FE R ZEMTE, EZRAGRITFE
X(P<0.01), TLR4, NF-xB & [15 ik f LK,
ERAGIT2FE L (P<0.01) (K 3 13 4).

3 WREER

3.1 LPS {43189 TLR4/NF-xB 5= @K E
P8R Im &R I EE A

DR 2 — i LAIC K S 9 i WR A5 A R AIE 11
AR, 3l 98 0 S5 17 LA 3 i 4 i [H 7 B

0" pum 100

ZSEA. B BRI C: EWRAARBE(R). D: —H XU

HE staining sections of colon tissues of rats. A: Blank group. B: Model group. C: Qiwei Baizhu
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E2 BAXREMEARKELKER A A4 B: B4, C. LWRAREAHGE). D: —HF WAKH

Figure 2

Immunohistochemical results of protein in colon of rats in each group. A: Blank group. B: Model

group. C: Qiwei Baizhu San group (high). D: Metformin group.

TR RAE A M 1 R e i . LPS IR T 22 A
PR AN BE SN, — B SRR R
AT DERK - RAE A 463 M 3R . Burcelin
SRR N, LPS JEIEREE RN . MR

T3 BEKBRLEBELD occludin EH T H

wEELR
Table 3 Expression of average optical density

values of occludin protein in colon tissue of rats in
each group

2457 KREL Occludin
Group Number of rat

L 10 0.520.01
Normal control group

AL 8 0.26+0.03"
Model group

LIREAREGR) 10 0.37+0.02™
Qiwei Baizhu San group (high)

—H UL 10 0.33+0.01""
Metformin group

P 0.00

AT E L, IR PR LPS 76 CD14 il R
Y5 CD14-Toll H3ZIAZ5 4, W& TLR-4, MM
PO % S I F NF-xB, Ji 8l 28 0E 40 TNF-a.,
IL-1. IL-6. IL-8 FFf) ik, Bl —RINAEFES

A ABBCCDD

Z0O-1 "= - e e - e e 250 kDa

OcCludin s e w— e — - 59 kDa

NF-KB == o o o v v e == (65 kDa

-actin - e - e» @» e» @ 42 kDa

3 Western blotting & X R iA & 4H4A ZO-1.
occludin. TLR4. NF-xB EHFKIE  A: %5[141. B:
BRI, C: EREAIARHEE (). D: AU
Figure 3 Western blotting was used to detect the
expression of ZO-1, occludin, TLR4 and NF-xB in
rat intestinal tissue. A: Blank group. B: Model
group. C: Qiwei Baizhu powder group (high). D:
Metformin group.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EERAGSE: B F RO B R K B 3E B B AT TLR4/NF-«B {55 18 I 1 #2 321

x4 BHEKR ZO-1. occludin. TLR4. NF-xB EHRILE LI
Table 4 Expression of ZO-1, occludin, TLR4 and NF-«B in rats of each group

4151 YA Z0-1 Occludin TLR4 NF-kB
Group Number of rat

ZSHA 10 0.600.01 0.68+0.03 0.31+0.01 0.31+0.02
Normal control group

AL 8 0.32+0.01" 0.41+0.01" 0.56+0.01"" 0.60+0.01""
Model group

LR AR B GED 10 0.53£0.017"  0.56£0.02""  0.36+0.02""  0.46+0.01""
Qiwei Baizhu San group (high)

- HOBUIRAR 10 0.45£0.03"  0.52+0.01""  0.46+0.03""  0.53+0.03""
Metformin group

F 185.65 96.81 133.95 148.60

P 0.00 0.00 0.00 0.00

PEJE SR, FBUR S RIPU R AN A
FAERYR, HSaA4N L, BRE K LPS,
IL-6. TNF-a /K375, ImiE4H 2 TLR4
NF-«xB [ R B w0
3.2 BAERREsE SRR AEETIEX

i 8 5 s 3 B ok b R A A B R 4 i
() B P TR (A o 0 ) X 3 Y 2
B3 AT 43 R 845 IR 1 (oceludin . claudins) | 3%
A TE(Z0-1,20-2 Fl ZO-3)FI4H i 15 4R 4
(B TRl 22 Ffsi 22, Hirp occludin #1 ZO-1
AT 32, % FHAVER I i 3 B B o BB AN I
BN EEREY . EWELT, EEHN
i 18 5 W SRV SR A A A s e, (R
B 1L 448 B 7 4 30 5k o B R A A It o {FLAE o AR K
. BEEELMBERENES T, BE
B 8] B2k 22 B8R0 i 5 R AR A B b Bz TR) Y
occludin Fll ZO-1 R% & 4454, B LPS K&
A AR R E R, Ha A4, f
PRI R BUIEH L ZO-1., occludin 55 A5 &
FEAR
3.3 tIRBEABBETE TLR4/NF-kB 55
Wi, RIPHIERIEBE

B DR T 1 v B 2T Ve e Y, T

Er RN, CREed) "N <HB,
HOM 2 s, BWEREEZA, B AN
ZMAWEDAEWR” . SR AT BN .
TV P R B AL B, BARTHTR S R
FEBI AR, (H R AR I8 0 &b A &
BNE (R HAER) = “HIEERHE,
T (RGN ) F . <, W
o T 2 1) R T (R BT R )T <
ER TN A PN 3 TRE ST S M W N E PN ¢
HMLE AR, Kk S SRS OE, RS v
JvE B, BARUOK, FLEARTE, RIS IR S, B
B EE K MG I B w ot 2
WFFEUESE , LR R BT 38 7 T AR A, Wi
R MR S RACHLI, R it 7K ST B A I R
SERUS Bk R BT BUS , BE IR K B LPS .
IL-6. TNF-a fJ7KF-FE{%, TLR4. NF-«xB [
Tk BRI, S5HAL ZO-1. occludin &
FEIE RGN VA Lk R HGE A AR B E R
W% 2 85 11(ZO-1, occludin) i R 35, 1B & 7 iE
PEEETIEE, PHIE&E £ LPS A, T
TLR4/NF-«B {5 Z i %, 1> IL-6, TNF-o 5%
iE DK F IR, DN DR LA S i S I, AR
MK .
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W PR G B A e H B Rl ) L I AR
iy . AR SAE KT AAE S . ZRKLAAR T
RERERTSEA ¢, (HXLEHTFAEE /IR TASR
JERE R . EHSL. AR R, X
AN MR 2 R EEA TN RET A 2 o X
T2 IR, ARERR T A —4 4
BOE B, TR AR, ML R A T A
Rk BEEDFFERIARIRA, BRI
IRif Bk ki B8l E 2 A PR 2 s BIL ] A
FEIE o B FR RO il 1 B TR R A
WiEUAERS L B B BRI RE K AAE B, AT
I8 B B AT, BRI K1 F Y
R AE S5 IR IE o AT IR AR
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