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[Abstract] Objective: To study the effect of Jinlida granules on visceral fat accumulation and its

induced inflammatory response in prediabetic rats. Method: Male SD rats were randomly divided into normal

[Kk#mAH] 2021-12-13
[(BE&TH] EEESAPRTR O EE 25 AT T 5 L I (2017YFC1700501) 5 0] 1645 4695 S 6 %8 S 205 A B 28 28 191 FH (20567627H)
[E—1EH] k2 PR+, WJORE IR 1 BEIE 55 925 BF 57, E-mail : 842780665@qq. com
BEES] TS W, AR, B2 S0, 34505 % BT, E-mail : weitem@163. com
. 37 .



528 %55 8 W] HEXBAFZRS Vol. 28, No. 8
20224F 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022

group, model group, Jinlida low-dose group (1.5 g-kg"), Jinlida high-dose group (3.0 g-kg"') and atorvastatin
group (10 mg-kg"'). Prediabetic rat model was established using high-carbohydrate, high-fat diet combined with
low-dose streptozotocin (STZ) by multiple small-dose intraperitoneal injections. After 8 weeks of modeling and
drug intervention for 13 consecutive weeks, body weight, oral glucose tolerance test(OGTT) , fasting blood
glucose (FBG) , fasting insulin (FINS), insulin resistance index (HOMA-IR) , total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) were measured in
each group of rats. The content of visceral fat was quantified by micro-computed tomography (Micro-CT).
Hematoxylin-eosin staining (HE) was used to observe the pathological changes of fat cells. The levels of tumor
necrosis factor-a (TNF-a) and interleukin- 6 (IL-6) in rat visceral fat and serum were determined by enzyme
linked immunosorbent assay (ELISA ). The expression of macrophage marker CD68 in visceral fat was detected
by immunofluorescence and Western blot. Result: Compared with normal group, model group had increased
oral glucose tolerance, FBG, FINS, HOMA-IR, TC, LDL-C (P<0.01), elevated body weight and visceral fat
accumulation (P<0.05, P<0.01) , enhanced CD68 protein expression and TNF-a and IL-6 levels (P<0.01) ,
decreased HDL-C (P<0.01) , and abnormal hypertrophy of adipocytes. Compared with model group, Jinlida
high- and low-dose groups lowered oral glucose tolerance, HOMA-IR, TC and LDL-C (P<0.05, P<0.01),
body weight and visceral fat accumulation (P<0.05), and CD68 protein expression and TNF-« and IL-6 levels
(P<0.05, P<0.01) and lessened hypertrophy of fat cells. Conclusion: Jinlida can improve the insulin resistance

in prediabetic rats by reducing visceral fat accumulation and its induced inflammatory response, which provides

a new pharmacological basis for clinical treatment of prediabetes by Jinlida granules.
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Table 1 Effect of Jinlida on oral glucose tolerance in prediabetic rats (x+s,n=10)

ifiL B /mmol - L' .

4151 kg ke OGTT-AUC

0 min 30 min 60 min 120 min /mmol-h-L

EwA 5.58+0.89 8.25+0.91 9.68+1.24 7.10£1.25 16.33+1.44
A2 6.30+0.51 9.67+1.65 13.60+£2.91” 10.23+0.76 21.73+1.91%
HE IR = Al 1.5 5.77+0.72 9.92+2.30 9.58+1.57" 8.67+1.01% 17.92+1.28%
HE Ik Al 3.0 6.12+0.74 9.53+1.81 9.38+1.37Y 7.9240.99 17.29+1.82%
P $C AR A 7T 4 0.01 6.20+0.47 10.25+2.60 10.22+1.46% 8.78+1.06% 18.73+£2.56"

TS IE % 4 Y P<0.05,2 P<0.01; SR 4H H ks ¥ P<0.05,P<0.01( 3 2-£ 7))

3.2 XPHEIRIGETH R R R ZMPTA w5 I1E
W2 M, B 4 FBG L FINS il HOMA-IR i 2 Ff
i (P<0.01), 26 WA AU 20 M B0 0 I A s 0 R A, 5

R2 BARMERFIHXRRDZIRABZM (T+s,n=10)

IR 2 LA, & 45 25 4 A FR AR FBG B 5, B J7 611K
155 ) &4 RN B G AR A YT 4 T LS 3 R IR FINS,
HOMA-IR /K- (P<0.01). W32,

Table 2 Effect of Jinlida on insulin resistance in prediabetic rats (x+s,n=10)

219 F /g kg FBG/mmol-L" FINS/mU-L" HOMA-IR
EH 4 5.18+0.71 42.30+16.68 10.07+4.91
T2 6.50+0.96% 132.81+£26.12% 39.01+12.37%
HE 7 IR A 1.5 5.900.52 66.54+20.21% 17.51+5.44%
HE Ik ) Al 3.0 5.67+0.63 53.57+21.21% 13.70£6.55"
B G AR At 7T 21 0.01 5.75+0.82 72.64+18.52% 18.69+6.05%
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% (P<0.01) , HDL-C % & & 3 F# Ik (P<0.01) ; 5%
RUZH LA, HE 7 3R A L i 7R e 2 BRTE AR At T 4 Tl
LB R AR I ¥ TC A LDL-C & & (P<0.05, P<
0.01), WK3.
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F3 EBEAEXERBEHA KR MBEKFERZME (x+s,n=10)
Table 3 Effect of Jinlida on blood lipid levels in prediabetic rats (x+s,n=10) mmol-L"'
215 Fl /g kg TC LDL-C HDL-C
ERA 1.51£0.52 0.2640.07 0.75+0.27
AL 2.59+0.46% 0.74+0.17% 0.42+0.09%
IR AR 2 1.5 2.15+0.38> 0.61+0.15% 0.38+0.09
HE 3 iR ) 4L 3.0 1.76+0.39" 0.46+0.11% 0.46%0.22
B G A At 7T 21 0.01 1.92+0.429 0.53+0.15% 0.42+0.87

R4 BARMERFNHAXRERER M EZFABBEHELNZME (t£5,n=10)
Table 4 Effect of Jinlida on body weight and epididymal fat index in prediabetic rats (x+s,n=10)

215 FlhE /g kg IR IT R /g PEENG SR NDI NI TRIT R A R 22 e BREEE A TR BR 7 46 $/me - g
EH A 437.40+47.02 567.20+69.29 129.80+28.68 15.9443.00
R 2 537.40+55.66 706.40+72.26 169.00+28.67" 21.70+3.01
HE 7 IR = A 1.5 539.60+40.56 677.50+61.85 137.90+41.62 20.81+4.69
e 3 e ) R AL 3.0 531.60+62.68 630.20+88.15 98.60+43.85" 16.69+5.68%
BTG AR At 7T 20 0.01 530.00+53.77 632.70+67.44% 102.70+28.13% 17.17+5.40%

3.5 kB R AT 8 OR BRA IE IR D AR B9 5 e

Micro-CT il A Bl 9 A BIE i s m] B AL , 35 € 3 A
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ARG o 7 e 255 BT TR A T 2 AT A S A P AR
Ji5 (A B 46 $ (P<0.05,P<0.01). WL 1.%5.

A IEW A B BB C. HE IR IR 20 5 DL i ik & A i 4 E. BB AR AL YT 21 (181 2-1&1 4 7))

1 #E BRI 30 K B P BEE B A B9 Mlicro-CT R &

Fig. 1 Micro-CT imaging of visceral fat in prediabetic rats

R5 BAEIERBRIEA KR M AR EFRIEBM R I (X + 5,n=10)
Table 5 Effect of Jinlida on visceral fat volume index in

prediabetic rats (x+s,n=10)

N I i PR U I H 4 AR A
25
/g'kg'I /mmz-g'I
IEH 4 63.82+15.13
IR 2 81.90+12.63"
7 IR AR i 4 1.5 66.67+9.98%
HE 3k ) 3.0 62.31+12.219
BT FC AR A TT 40 0.01 60.11+11.75"

3.6 XPBE IR T Y OC BUNR 17 20 2L i BRE 2 2
PRI HE Je @ 4551 8o, 72 A R R A5 50T
55 IE H 4L P, B R AR SN 7 4 i W 0 ORI
U7 40 5 sk 200 A5 A0 EF B 0800 5 5 R R A T
B, HE T 3 v 7R ek 2 0 B B A A 7T A B 7 4
B2 A /0N i s 0 K H 4 200 15 LB T R0 2
45 R R WAk el WY A DR DT AR M A RR
UL 2,
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Fig. 2 Effect of Jinlida on pathological morphology of adipose tissue in prediabetic rats (HE, x200)

3.7 SRR A K BUBE I 41 2 CD68 ik il 5 FHFELRETE(P<0.01), B 75K & R 4 M
] CD68 J& W 40 i iY 32 i A & 9 . IF Al BA] FC A Ml 7T 20 T BH S [ IR CD68 & 1 46 18 7K (P<
Western blot 45 F i 75, 5 1F 4 4 Ll BB 24H CD68 0.05,P<0.01). WLIE 3K 4.5%6.
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A B G D E
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Fig. 3 Expression of macrophages CD68 protein in adipose tissue of rats in each group (IF, x100)

* ﬁ-’i’ B et 2 A Fo FENEMBERFEAMHKXREHAR CDSEARIZHZMN
CD68 T ” —_— —— ) — 35 kDa S
p-actin '““‘” 42 kDa Table 6 Effect of Jinlida on CD68 protein in adipose tissue of
A B C b E prediabetic rats (x+s,n=6)
B4 BHKREHALRCDSERRIZRK , N 1 .
gl /g kg CDG68/B-actin
Fig. 4 Electrophoresis of CD68 protein expression in adipose -
tissue of rats in each group IE & 4 1.00+0.00
AL 2.39+0.26"
On 5 Tl B3 157 E A
3.8 XT%W%IUEHﬁLLLKﬁ%H /J}UI”J %EE 7 Tk A% 0 20 15 1.36+0.52Y
QH Hﬁil_‘ )ch Uéﬁk ﬁlm(ﬁ ]:HEHH]AQHV/\EP TNF-a & HE T3k 3.0 1.07+0.35%
2 T (P<0.01) , g i 181 IL-6ﬂk%ﬁl§J»(P< WT4G H At 7T 28 0.01 1.020.69"

0.01) ; 5 BRI 20 FL 5, 7 IR G i 77 o 21 A BT 4G 1R

VT 26 34 7T B 5 98 /0 TNF-o IL-6 25 &, 22 5 B AT 4 itit

B85 L (P<0.05,P<0.01), WFE7. W DR 96 B 201 2 T2DM & J& 1 8 B XU N £, 45
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R7T BHEMERFAHKRKAEEFRIRM (3+s5,0=6)

Table 7 Effect of Jinlida on inflammatory factors in prediabetic rats (x+s,n=6)

20 5 /g ke IfiL % TNF-a/ng- L™ 4441 TNF-a/ng- g’ 14 IL-6/ng- g
1EH 4L 7.57+1.78 43.25+14.57 1.02+0.33
A2 16.58+1.97” 160.67+46.24% 2.06+0.72%
HE T IR AR 4 1.5 9.56+2.19% 94.50+43.30" 1.42+0.28"
HE A7 3k R ) R Al 3.0 8.82+1.38% 71.26+35.70" 1.21£0.64"
BTG AR Al 7T 4L 0.01 10.3243.20% 91.97+25.87% 1.26+0.20"

A 5%~10% 19 (B 5 & JE L T2DM . SR T4 PR 9
A2 T 3 R | AR AR TR O SR 2 IR T R
6T R DR AU B B BB IR W H B3R
I7 25 AL 45— FOBUN R 7 5 K L kA 5 A 4 9 T
XS 25 W 25 B 5 AN RO I A S5 1R R A K
Jip 4 22 RO BRI Y . P R 2 A B 3R B DR 9 R Y
D5 A 2y L 22 H0 S A B I PR N R S
Wl , B TR Y7 W R i 3 05 1 B R Y

T I8 IR 2 40 B 8 I 4 3z g 1 A o A Y
BIFT 2, LS R B 25 4 25 L EORS R IR
AR AARN, S SRR R R & &%
HE LRV AR O KRG B T S N B L AR
BRI VRS L AR R WG R AR S (@ R KB R
i =2 Ak T A e 5 R A BT 0 B BH B 2K b
B B HE K AR 5 275 AR B DA 3 A R
IR NG A, PF 206 3 45, 55 AR 518 AT KT A
PENG ML, 825 A NG aE A, AR A 2R LT TR
I IR AR bR . BEAEMESY & 8L, J iR 7E 1 i
AR ik B rh B A W) e p A, i g 38 AT L A R
JUE B 55 45 1 5 A i 2o R AE G 04 i U 18 5% 47 1 (FAT/
CD36) . L BE4f i ARG (ACC) | PR RE B s A 1 2
RS EE 1(CPTL) 488K 13RIk , Wl 5 T IOk g 077 25 4
B, U0 A R A 15, 8 TR AT A A i A K A
F 21 (FGF21) /B 2 Mg 1 1% 1k & (1 ¥ (AMPK) {5
530 [, Bl R A A I 2K AL, b O R T B S
JULTEE 3-3% g (PI3K ) /25 [ B (Akt) {5 5 3 % ikl 2
JFF I 4R 7 3 ok i il 5 I O Ty AT 9 15 0 g AR
L R 2 PRAT A 5 % B 0 3k RT DL 1o s
JIESJRF: /0N B €20 g O o it A BX 2 11 1(UCP L) (i 484k
Wy T 1A 35 5 ) T A2 Ay 8l B S AR F-1a (PGC-
la) R S AL R 1k (OXPHOS ) 45 7 2R 11 1Y 35 1k 14
A € B 05 1 7= A4CRT B 3 FE R B AR g
TR i B 58 O % B IE B € Rg B HEAT T RO IR
ARERE, PRI AS T 55 B0 o5 O 3 T 7 38 X6 PN I s
EEEANINR T

W PR T e Ok B T A2 35 (IGT) A (=)
B2 25 I8 I BE 2 L (IFG) ™ B & EHEPLJE T IGT
F T2DM 1Y & J& , J2& 36 I7 Bl PR s i 301 09 OGS i By
BEH 1 BEWE B A 31 6L S A G T AR SR
K FH v B R IR B A /N R i STZ /A i &2 Uk i T
55 1 R OB JR S A AR 4 R R BB L 24 K R
FBG.,OGTT-AUC,FINS ,HOMA-IR , TC ,LDL-C 7k
- B8 T, HDL-C 7K P B S B AR, 1K J5 ] Jd 34
L EER BRI R R & AR TS RSP, T
IGT . IFG i R F jg A3 Z5 L , (0 K ik %1 T2DM 2 Wi
P o, 33K ¢ B A DR AT )R BRURE AL A ST Y 4
F )3k BURVAYF S , FINS . HOMA-IR . TC .LDL-C
KT B A A T B AR L S AT 9 4 2R
— I ok R AT LA R R A
iR A IR B AR BT RORE I AR AL, HoE ik
i IR B AR A FH AR T B 46 fRAth 7T 4

F1 €0 1 2 LA P 0 0 T BE 1 i BB L AN X
S0 25 A iAW), A B 5 R S AL A
O, € 8 9 AE A D9 43 A R R D IE B 1 4 41
MR R 5 0 B FHRPL R KR R B AR
Bl e SOk RE BB Y B IR L L E S Y g
JUE I S N R A A0 . IR DT AR R E A
R 55 5 44k 5 LS 194 i 7 400 1t FES K R 4 i 3 A0
R B 2 I el 20 B R e T 300 AR A N BRI
0 LB AT A AR R S B AR CT R
PR I 7 5 R G 4 b o B £ F 9 % W Micro-CT
T v A s A B 0 M i g 22 TR Al R A R G
P, AE R DU A LD P DE B 0 o R —Fhoe] S R
15 A I AR A A AR ) ey i R AT 300 0 BObE
o R P A T ) B R T P A N O R 25 TR AR 5T
K F Micro-CT J7 3% o4 JIE B W 47 T 4t Ak 5341, OF
fdi FH Micro-CT X P IE AR D5 #F 47 = 2 85 4, i KB
A 0 B R BRI B . AR ST R R B, 5 IE
B PR, AR A K BB 2 ] 1L B U A L U s
JU A RS B K CT RIS 2 7R P i 07 55 B 38 m , 42
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71 W R S A R B BT PN T O R, S
UL L A, HE T  BORE RO [ AR AR L R dE A
Ut WA 38 AT LA AT 0 s M e A 0 K B E AR
U5 & BRI oL, H 2R AR L A A 5T
25 L R B R 2 R BUAR A0 M BH B R
TR IURE A e 75 e 4L R LA TR A A A S IR K .
g b, 1 IR R ACRT LA 0 W PR T K B
JIE R 7 0 25 BRI 0, 3 nT LT g i AL LB A

i 17 2 e g 0 P AIG B % 0 2 R 3B R R A
P I B S B A0 M A S RN T
JI 107 £ 20 4% i vh R 25 D PE YT KR R R
T 23 (AT S 14 i 7 4 B o 1 T T, W 440
SEAEAEFE T SR FE A0 R B 9 AR KR Y R E
P, @1 TNF-a IL-6 4% . K&t B 58 ik B, TNF-a Al
IL-6 A] 3 2 52 Wi A% 5% 5 A -k B (NF-«B) il ¢-Jun 2
BE R Uity P (INK) A0 IR 75 5 A% S 4 il 2 -3
(SOCS-3) %5 2 45 {5 5 1 BT 19 & 8 5 e % R 22
AR TR) B4 AH ELAE T DT A2 3 g B 3 BT AR
9% 57, 55 A 20 P4 U B Wi CD68 \ TNF-« i1 IL-6 F+
1, ML TNF-a 8, 45 7 07 38 Uk IG 97 J5 T LA
R AIE CD68 3 H 463K , B AIK TNF-a Fl IL-6 /K -, %
HE IR DR TG A 2 v I A iR R H B R
M 9 HE I o £ b, HE ) 35 JURE 435 9 5 R AP
VB 5 0808 i T 2 20 e 1) 8 1 9 AT G

25 IR ) 3k T DA R0 B R S R
B A I 5 R AR AR I 2 AL LR AT RE S
I N R g 7 AR A I A4 Y YR I R R RE R
H O 3K B 2R T WE PRI 1A R HE 28 PR
HERR D7 T B AL T BB 2R AR
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