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Effects of Qinhuo Formula on inflammation and TLR4/MyD88/NF-kB signaling
pathway in obese mice induced by high-fat diet

LEI Yao-hua', ~ WANG Jing", LIU Shan',  TIAN Yuan', ZHUANG Xin-ying'*"
(1. College of Chinese Materia Medica and Yunnan Key Laboratory of Southern Medicinal Utilization, Yunnan University of Chinese Medicine, Kunming

LI Xiao-liang',

650500, China; 2. Key Laboratory of Yunnan Provincial Department of Education for Processing Research on Characteristic Prepared Drug in Pieces,
Kunming 650500, China)

ABSTRACT: AIM To investigate the improvement effect of Qinhuo Formula on obese mice induced by high-fat
diet. METHODS Obese mice model was induced by feeding with high-fat diet. The mice successfully established
were randomly divided into model group, orlistat group ( 15.6 mg/kg) and low and high dose groups of Qinhuo
Formula (13.5 and 22.5 g/kg) , and normal mice were taken as control group, with 10 mice in each group, and
the drugs were continuously intervened for 8 weeks. After the drug administration, the body weight, abdominal
circumference , fasting blood glucose and glucose tolerance were measured, and area under the curve ( AUC) of
oral glucose tolerance test ( OGTT) , Lee’ s index and fat index were calculated. The serum levels of TC, TG, LDL-
C and HDL-C were detected by blood biochemical analyzer. Serum levels of TNF-a, IL-1 and IL-6 were detected
by ELISA. HE staining was used to observe the white fat of epididymis and the pathological changes of liver tissue.
RT-qPCR and Western blot were used to detect the mRNA and protein expressions of TLR4, MyD88 and NF-kB in
liver tissue. RESULTS Compared with the model group, the body weight, abdominal circumference and Lee’ s
index of mice in each dose group of Qinhuo Formula decreased ( P<0.01); OGTT-AUC decreased ( P<0.01) ;
visceral fat index decreased (P<0.05, P<0.01); the levels of serum TG, TC, IL-6 and IL-1B decreased ( P<
0.01) ; the diameter of epididymal adipocytes decreased, arranged tightly and regularly, the lipid droplet cavities
in liver tissue decreased, and the morphology of hepatocytes recovered; the mRNA and protein expressions of
TLR4, MyD88 and NF-kB decreased (P<0.05, P<0.01). CONCLUSION Qinhuo Formula can effectively
improve glucose-lipid metabolism and reduce inflammation in obese mice, and its mechanism may be related to the
inhibition of TLR4/MyD88/NF-kB signaling pathway.

KEY WORDS: Qinhuo Formula; obesity; glucolipid metabolism; inflammatory response; TLR4/MyD88/NF-«kB
signaling pathway
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4~6 AW, KB (20+3.2) g, WAL (dt
5 EYERARA T [ SRS YR VRS
SCXK (%) 2019-00107, fAFE T =g EZ K¢
YL ge ol [ 25 3 4 T AT HIE S SYXK
(JH) 2022-0004], ZE ¥ (22+2)°C, Mg E
(55£5)%, 12 W12 h BERWAREZR, &k
REEYSL R DS A S (S e
S R-062024G144) ,

1.2 %4 X (5 20230618) . JTRER (it
+520230315) . 45HH (Ht5 20230406) T H B
WA A RRA R, Ha (5 20230714) 1
Hit PR (Bat) ARAR, &xmhEZ
K2 2 5 e W = R IS AR S B A7 B 2020 4R
(hEZ ) PR, BEITA O BT ek R
1 h, KZERZRMBIRAEIE R S5 & I
17 B-IWIKE G, 29l ., 3%, HHEAAE L h
PAFKROR, FMAT R, S 2 L& 2
W, B 1 h, GIFFA R, W42 A%
1.06~1.12, Bk T4, THEMLH (80 H) I
S5 RS TR S,

1.3 KA BEAEML (it H20148005, HriliJy
Wil 26 BR 2N F]); HH[E B (total cholesterol,
TC) . H¥=Ms (triglycerides, TG) . K% & H5 &
FH-AH[E B (low density lipoprotein-cholesterol, LDL-
C). mEEIREHMBEE (high density lipoprotein
cholesterol, HDL-C) ik 7l & (4t 5 Al11-1-1,
A110-1-1, A113-1-1, A112-1-1, B @A T
BT ; BN ZE (interleukin, IL) -6, i
SR B A F-a (tumor necrosis factor-a, TNF-a )
ELISA it 7] & (5 A20640634 . A28240725, #i
MR B A BRAF] ) 5 TL-18 ELISA {5 & (3t
5 GR20240710, WK LR HE AR A A );
GoScript Reverse Transcription System 336 %% S5 & |
GoTaq qPCR Master Mix %% Yt % 1 4 A} 1k 1 1 Wk
(15 A5001, A6001, FE[E Promega A Fl); SRR
TLR4. MyD88, NF-kB. GAPDH —¥i. FHifh —
B (45 19811-1-AP, 23230-1-AP, 10745-1-AP |
10494-1-AP ., RAGROO1, 2 [# Proteintech 2 7] )
L4 ME mElGRASEN (FS KZ-111-F,
ITRYERAEYIRHCA RA ) 5 6 BOHL (B
5 AllegraX-22, ZE[E Beckman Coulter 23 F]) ; BbR
1 (A5 DNM-9602G, db 5038 BB 8 AR FH R 2
H); ZUJHE PCR XL (A% T960, KL#F L fEFER}
BFEAHMBRAA); ®GE & PCR L (M5

Lightcycler96, Hiit= % R/ ] )  BERE G (HY
5 ChampGel6000, JtHFER BB ABRAH])
2 Fik
2.1 o, #ERLH 50 HE M/ FGE N T
W75 2 e, REHLAY X R4 . BEAIZE | R Al
HAEZETL. SRR, [4 10 2, BRXTIEd
SR P E RS (24, 29% B 1 +42. 1% Bk 4k
B+ 25.4% NG M +5. 8% HLLF4E+1.7% 55+ 1. 1%
) REiET, RN BRI B
W EARER 2 Gl /N BUAR B 2 % IR/
RUARTR) > (RHRA/NEIABTRx20% ), WI$ER
AL, TSR E A e 2, e TR, E
A NIMEE 13.5, 22.5 g/kg, B EdLH
15. 6 mg/kg, XF HEZH FIASE AU 20 1) 1 45 & A R
K, 258 .
2.2 DRBKREE, ARK, BB A Lee’ s 45 M
22y 8 JHJE, FRE/NEUARRTED, IR
BB MR, IR Lee’ s 1850,
2.3 HEEMTEE (OCGTT)  /NEIAE AL
K12 h DhE, SRABTRBUN S, % KR
AT R IS 25 i I (FBG) Fidh BGO, /)N
BLHEE 50% i Z90E (2 o/kg), MIE 30, 60, 120
min [l B {8 53¢ & BG30, BG60. BG120, % i
OGTT W h 4, RHIIAUBSIE I it M 4 F i
L (area under curve, AUC), OGTT-AUC = 0.5 x
(BGO+BG30) /2+0.5x (BG30+BG60) /2+1x
(BG60+BG120) /2.,
2.4 ARACRE /NEUE SRS L2 IR T R,
Buf, MW EHE 1 h, 3500 r/min &.0 10
min, M FIERBIINTG, 7235 T-80 CIRAA#HI,
WL, v B sese B ARG . IBERR T . A%
R S, AR TR, 2 -80 C
UKFE PR AE . B /N B AR B 48 5, 2 =X o AE
5= 1 105 o £/ 1 T £ X 100% .,
2.5 SFERRRAKE A K gE B KRR ARYE R
& B A I 25 21 /N BRIV TC, TG, LDL-C Al
HDL-C 7K ¥, % ELISA B4 I 4% 2H /N B il 5
TNF-o, IL-18, IL-6 44E H T3 K,
2.6 HE £ EMEWEG &M A= I 4882 H
A A% 22 5 VI ] 72 Ab BB 438 fiF 1 T 1 UIR
WIZHE (iWAT) FUFFHZ, BEENK, £ 8
JEYITR (B 3~4 um), B S AR HE o050 &
VLB T g, MR RS, TRMEE T
WMEL IWAT FIFAL 8050 B0 SR L A T4 R
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2.7 RT-qPCR % m) Af 40 4% TLR4, MyD88. NF-
kB mRNA %35  TRIzol IEHE U4 215 RNA, 1R
338 2 SR ) & U I K RNA 36 5% 5 ¢DNA,
PCR W & % & 2 xRealStar Fast SYBR qPCR Mix
10 L, IE, 5% (10 pmol/L) 4% 0.5 pL,
c¢DNA 1 pL, Sterile Water #M& £ 20 wL, § 84540
95 °C A 10 min; 60 CIiB K 15 s; 72 CIEff
30 s, #1740 NMEIH, BRI IEEY M C, E,
P GAPDH A2, KA 27 A 0184 H g3t
AR IAE, FIFSIILE 1,

x1 54F75
Tab.1 Primer sequences
L Elk/h2dl
TLR4 1ET] 5'-TAGCACAGAAGAGGCAAGGC-3’

JZ 1] 5'-GACCCTGACTGGCACTAACC-3’

MyDS88 1E[1] 5'-AAGCAGCAGAACCAGGAGTC-3'
JZ 1) 5'-CGAAAAGTTCCGGCGTTTGT-3
NF-kB 1E ] 5'-GGACCTATGACCTTCAAGAGTATC-3'
JLI] 5'-TTTCGGGTAGGCACAGCAATAC-3'
GAPDH 1E 6] 5'-GGTTGTCTCCTGCGACTTCA-3'

JZ 18] 5'-TGGTCCAGGGTTTCTTACTCC-3’

2.8 Western blot # # M| AT 20 22 TLR4, MyD88,
NF-xB & @ kit BUNRIFAL, si)s, IAS

1 mol/L PMSF Fh i i 1 il 77 1) =5 2% RIPA 2R
HATRIR A 2%, $RBCE . SR BCA 50 & )
EE IR, #E DA, RN 10 min
i A PE, SDS-PAGE Bk B8 14, S6MeE, &
M1 h, 4350 TLR4, MyD88, NF-kB —¥HiiF
20 h, TBST ¥EEJS A HRP #Ric 89 1L E 41 1gG
PUAZHUME | h, TBST VEME, (/03438 ECL 1k
RGN A R E S, R Image J 3K
PRI E H 255 IR AA,

2.9 “itFobr @it SPSS 27. 0 BAFIEATALFE
SEHIRLL (vxs) Fon, ZALE BRI HHEER
T2, S ECR ] LSD-t ki, P<
0.05 Fmz R HAGI =R L,

3 #£R

3.1 XEFNEBIAARE, LB, hKE
Lee’s 358009 % WK 2 P, SR,
BORIZ/INRAR T . I, Lee’ s F8 809 (P<
0.01); 2324 8 JilJm, SHEAYA thas, BA|w] e
NEZEFH AR EH/NFIRT G, BEE . Lee’ s F84L
BEAL (P<0.01), MAK LR ZFZEZS (P>
0.05), FIEEIHE S /NI AL REREE

®2 BHEHMRERE. BE. FKE Lee’s I5#L& (xxs, n=10)

Tab.2 Comparison of body weight, abdominal circumference, body length and Lee’ s index of mice in each group (xz=s,

n=10)
215 i/ g JE L/ cm K/ em Lee’ s 84k
Xif 2 39.08+1.22 8.73+0. 14 11.23+0. 16 2.98+0. 05
IR L 56. 80+2. 52 10. 81+0. 36% 12.37+0. 32# 3.20+0. 05%
B ) 2 49.29+3. 89 ** 9.48+0. 26 ** 12.11+0. 26 3.04x0. 07 *
RS cyip (ivnilh=¢iil 50. 69+4. 80 ** 9.83+0.31™ 12.29+0. 20 3.02£0. 11
K R 51.23+3.18* 10. 02+0. 22 * 12.28=0. 32 3.00+0. 06 ™

. XA R, M P<0.01; SR HLES, ** P<0.01,
3.2 BEZGAEM AR HEAHGH R MR
3N, SXTRRA e, BAIZH/NR FBG & OGTT-
AUC & (P<0.05, P<0.01); ‘SHERIZ R,
PR w2 R 57 R a4 /N B FBG S OGTT-
AUC F&{% (P<0.05, P<0.01), X mmlEda
/ML OGTT-AUC FEAR (P<0.01), KRAEFE I B
5 A R T RO /DN BRI B A ST R I 7K
3.3 BEFIAEMIAIH IO NFE 4
Fias, XA e, BRI N B R AT
JEWitE BT R (P<0.05, P<0.01), @545
B BAE (P>0.05); SAIZ] LS, B A
Ml2H B 555 07 45 70 2 2/ RO IE R D 3 B AR (P<
0.05, P<0.01), XK Hg i FAR € i 105 52 e 45
AN, RIIEE T EEUEEIE R NI ERR I DT
3610

®3 &H/MNR FBG B OGTT-AUC KFLL (xzs, n=
10)
Tab.3 Comparison of FBG and OGTT-AUC levels in mice

of each group (x+s, n=10)

2157 FBG/(mmol-L™') OGTT-AUC/(mmol-L™"-h7")
Xt HRZL 6.25+0. 85 14.52+1. 14
Y2 7.75+1. 58* 21.75+2. 95"
TR ] A 2H 6.28+0.70 " 14.90+1. 50 **
BN 6. 3620. 66 * 16.92+1. 82 ™
BRETT R A 6.72£1. 10 17.33+3. 41

e SXTHRALEE, P P<0.05,% P<0.01; SERYI A, * P<
0.05, "™ P<0.01,
3.4 REH IR BREKFGHa WNES
Fis, SXFRRA R, BARLA /N ITE TG, TC,
LDL-C /K TS (P<0.01); SHEEIZ A, A
m Al 4/ B W TG, TC, LDL-C 7K 3F F& %
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F4 BHNRIEHEHLE (%, x5, n=10)
Tab.4 Comparison of adipose indices of mice in each

group (%, x+s, n=10)

—
Al EZ‘FHEEJ?E@HE%WHEHEHE PG

XF REZH 0.654+0.203  1.571+0.844  0.227+0.054
HERIZH 1.061+0.457% 5.985+2.058%  0.236=0. 079

WA EMBAL 0.864£0.325  2.983+1.408* 0.367+0. 120"
EEFMFELA 0.850£0.279  3.276+1.757*  0.290=0. 094
KN EAEEL 0.894=0.304  3.901+1.261"  0.294:£0. 055

. HXTHA LA, P<0.05," P<0.01; 58584 LA,
* P<0.05, ** P<0.01,

(P<0.05, P<0.01), % %774 7 & 4 /)N Bl g
TG. TC /KFEFEME (P<0.01), LDL-C /KFETH B
Ak (P>0.05), RIAKE T REUCEIL /N BUE T
=L,

3.5 ZIEFATRERE N R A AT K dn BB T 4 sk K
FegFra WK 6 i, SXTRA L, BRI/
RUIM 7S TL-6, 1L-18 K F T+ & (P <0.05, P<
0.01); SHIAIZH AL, SR w2 K 55 T 4 5
/MR MG IL-6, IL-18 /K FREML (P<0.01),
TNF-a 7KETCHH B ARfE (P>0.05), $E/R%EFE 7]
A R AT 5 i 240 L DX 1 4 0

%5 KHANMRIMEF TG, TC, LDL-C, HDL-C K FELLE (mmol/L, ¥+s, n=8)
Tab.5 Comparison of serum TG, TC, LDL-C and HDL-C levels in mice of each group (mmol/L, x+s, n=8)
2051 TG TC LDL-C HDL-C

Xif HE 2 0. 4260. 196 2.12320. 554 1. 186+0. 367 3.45420. 642
I 1. 198+0. 105% 3.966+0. 862 2.207+0. 920" 4.157+0. 821
A w2 0.763+0. 194 * 2.922+0. 592 1. 808+0. 759 * 4.561+1.102
BRE A=A 0.540£0. 077 ** 2.423£0.392* 2.093+0. 571 4.220+0. 731
K e R 0.612+0. 225 2.205+0. 336 2.078+0. 672 4.201+0. 827

. X A, M P<0.01; SR S, * P<0.05, ™ P<0.01,

®6 KRA/MNRIME TNF-a, IL-6, IL-1p 7k F Ltk &
(ng/mL, X+s, n=6)
Tab.6 Comparison of serum TNF-o, IL-6 and IL-1f
levels in mice of each group (ng/mL, X+s, n=
6)
21571 TNF-a IL-6 IL-1B8
Xof HE 2 45.86+8.91  28.26+6.75 30. 80+1. 00
FERIZH 48.95+3.71  64.69+23. 13*  32.35+1.53*
BAEMBA 46.53£10.34  33.14x12.07™ 25.02+2.21*
KEEITMFIELA 41.34£13.86  29.62+6.41*  25.88+1.82*

BEEF R 43.55213.28  27.60+5.18**  26.78+2.50 **
. HXTRALE,FP<0.05," P<0.01; 58584 A,
* P<0.01,

3.6 AETr aFRe s ST 4L LR Fe HESE g B 4L 2R R
BEAFa R PR, RN BT 20 HE
GIEETE, ARSI BIRYZE /N B4 e v
I Z R NASERN 2SR (R ), HEYE AR & 2E
NEMASM:, AHMUAARRE K, Ao fmEl; X%

A AN LR 2 k> RSt 5
TEARIE® . SXT R b, BEAIZ /N BRI 52 A 7 4
MIEARAS K, BONASEL, TR 578 05 45 7
AR DAL S AN AR, TEARTE AR, T
BRI, DA SRR, K587 Res A g L
/N B B SR I AL 2L i B S

T X £ e o K
£ 3 SCREA ; 4 9 X . : 4 /s ‘:7‘ . l:“- Ve : ,‘.{:' «\,J"
S g WRIAME  SETERAIRA  SETRARA

B1 REANRFFARMMERERA

AREEN (HE B, x400)

Fig. 1 Pathological changes of liver tissue and epididymal adipose tissue in mice of each group (HE staining, x400)

3.7 B3 sYRERE S RO 4R 4% TLR4. MyDS8S,
NF-kB mRNA £k 69%em W7 Fin, S5XHR4
th#, BiRA /N B 2020 TLR4 . MyD88 ., NF-kB
mRNA FATHE (P<0.01); SHBIZH i, %7

J5 4% 7 i Al /N B 41 40 TLR4 . MyD88 ., NF-xB
mRNA 5[ (P<0.05, P<0.01),

3.8 X E AR R 4148 TLR4, MyD8S,
NF-kB & & &k 69 % WK 2, £ 8 i, S5t
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MR LA, REAVZE/NEUFZH40 TLR4 . MyD88 ., NF-
kB EAFRIATHE (P<0.01); SHERA L, %
A A /N RUF 4140 TLR4, MyD88, NF-xB
EHFRKFEE (P<0.05, P<0.01), MEF]wE b
INEUF 4040 NF-kB 8 R IBFEMR (P<0.05),
TLR4, MyD88 & RATH BB (P>0.05),

K7 BEAMNRIFAELR TLR4, MyDS8, NF-kB mRNA &

ELLEE (xxs, n=6)

Tab. 7 Comparison of mRNA expressions of TLR4,
MyD88 and NF-kB in liver tissue of mice in each
group (x+s, n=6)

255 TLRA MyDS88 NF-xB
XF REZH 1.080+0. 445  1.043+0. 325 1. 102+0. 557
FEAIL] 2.626+0.987% 2.665+0. 711%  4.293x0. 932%
A EMIZE 2.098+0.809  2.256+0.957  4.083x0.873

2.352+0. 947
3.368+0. 626

BRETRFIEA 1. 15620. 368 1.981+0. 760 *
KAETTEFIEA 1.70420.771% 2. 095+0. 802

T S EA LB, P<0.01; SHMALE, P<0.05,
* P<0.01,

A B C D E

TLRY | g QD G . | ),

— D @B - == |331D:

MYD88

NE | S S — - 50
GAPDIL | S W S o | >

TE: A WXTERYL, B OWAEMILL, C WBRAIFMBLL, D~E BE

R, WAL,

B2 &A/MNRIFEL TLR4, MyDS8S8, NF-xB EH
£ HE

Fig.2 Protein bands of TLR4, MyD88 and NF-kB in

liver tissue of mice in each group
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Tab. 8 Comparison of protein expressions of TLR4,

MyD88 and NF-kB in liver tissue of mice in each

group (xxs, n=5)

415 TLR4 MyD88 NF-«B

X BR 2 1.073+0.445  1.130+0. 325 1. 020+0. 557
(R 1.902+0. 398" 1.796+0. 674"  2.528+0. 960"
AAFEMBA 1.596+0.340  1.674x0.326  1.612+0. 405"
BEEMFIEA 1.41220.499 % 1.170£0.125*  1.308=0. 194 **
KRR AL 1.432£0.363 " 1.3000.327°  1.372%0.112*

0. XA R, P<0.01; SEIEIA LR, P<0.05,
* P<0.01,
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