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HWE BH KiTHArexERF58BA ob/ob A KEAMRE TR GHH, Hik DRy
H B ARE 2 (NC 28) | & BE AR R 28 (HFD 240) 3 P 24K 36 7 28 (Fenu/L 40) (3 F & 5 Al &6 57
41 (Fenu/H4), AL ETI 12 BE .M &4/ RAE 4 8 3 ALUERN D Ko g K P F 3 4
A R I fe HE K T 5 B BR % 0% PR MY X 38 (enzyme linked immunosorbent assay, ELISA) 4] /s &
TR FE MRS E RF G @A & (interleukin, [L)-13.11.-6 & 3 4% %0 Ji A% 4L & & (monocyte chemoat-
tractant protein, MCP)-1 K, it H M B & 4% 3 #5 4L (homeostasis model assessment-insulin resist-
ance, HOMA-IR) ; % B} 3 % & % &8 & B 48 X, & M (real time-quantitative polymerase chain reaction,
RT-qPCR) # i & T A8 B 41 2%  11-13.11-6 \MCP-1 #1 mRNA & ik R F; % & JA ¥F i i% (western blot,
WD) A & T R Bs 2800 B & AR A c-Jun R A& K 3% (c-Jun N-terminal kinase, JNK) £ s 13 5 i@
B AZEOBEBRAKRTF, ER Fenu/L 4. Fenu/HAN AW KR E. M B =M oFBE £,
HOMA-IR R -F 2 F4& T HFD 28 (P<C0.05), Fenu/L %8 .Fenu/H 28> & 89 s 7 11-18.1L-6 F= MCP-
1 & aRTREE TR LR IL-13,1L-6 #= MCP-1 % mRNA & ik KF 2 F 4K T HFD 41 (P<C0.05),
Fenu/L 8 . Fenu/H 242/ R R TR B AL+ p-IRS-1.p-PI3K.p-Akt .GLUT4 % & & ik K+ & F HFD
20, Fenu/L % . Fenu/H /0 AKX TR AL F c-JUN,p-c-JUN.JNK #= p-JNK & & % ik K F & T
HED 41, #it #HF e T@iaddpd £ B F AL-18.1L-6) A AL E F (MCP-1) & & \FR#) JNK £ 245
T8 B0 OE T R L A KA M T B K R I 4B R R R R By HOMACIR K- 5F 3 5 Bk
By & R RAZ F B S 0O T R LR U R 80 BB By R AR
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Study on the Mechanism of Fenugreek Improving Inflammation and Insulin

Resistance in Leptin-Deficient ob/ob Mice
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Abstract Objective To explore the mechanism of fenugreek in improving inflammation and insulin resistance
in leptin-deficient ob/ob mice. Methods Mice were divided into normal diet group(NC group) , high-fat diet group
(HFD group) . fenugreek low-dose treatment group (Fenu/L group).and fenugreek high-dose treatment group
(Fenu/H group). After 12 weeks of the fenugreek intervention, body weights of the mice in each group were meas-

ured.blood lipid level of the mice were analyzed by an automatic biochemical analyzer,fasting blood glucose concen-
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tration of the mice were detected by a handheld blood glucose meter. Fasting serum insulin,serum interleukin(IL)-
1B8,11.-6 and monocyte chemotaxis protein(MCP)-1 levels of the mice were measured by enzyme linked immunosor-
bent assay(ELISA) ,and the homeostasis model assessment-insulin resistance(HOMA-IR) was calculated. The mR-
NA expression levels of IL-13,1L-6,and MCP-1 in subcutaneous adipose tissue were measured by real time-quanti-
tative polymerase chain reaction(RT-qPCR). The related protein phosphorylation level of the insulin receptor and
c-Jun N-terminal kinase (JNK) inflammatory signaling pathway in subcutaneous adipose tissue were measured by
western blot(WB). Results The levels of body weight,fasting blood glucose,fasting serum insulin and HOMA-IR
in the Fenu/L group and the Fenu/H group were significantly lower than those of the HFD group(P<C0. 05). The
protein levels in serum and the mRNA expression levels in the subcutaneous adipose tissue of IL.-18, IL.-6, and
MCP-1 in the Fenu/L group and Fenu/H groups were significantly lower than those of the HFD group(P<C0. 05).
The protein expression levels of p-IRS-1,p-PI3K,p-Akt and GLUT4 in adipose tissue of Fenu/L group and Fenu/
H group were higher than those of the HFD group. The protein expression levels of ¢-JUN,p-c-JUN,JNK and p-
JNK in adipose tissue of Fenu/L group and Fenu/H group were lower than those of the HFD group. Conclusion
Fenugreek could exhibit anti-inflammatory properties by inhibiting the expression of inflammatory cytokines(I1.-
1B,1L-6)and chemokines(MCP-1)and limiting the activation of the JNK inflammatory signaling pathway. It could
also show a significant improved insulin resistance effect by lowering fasting blood glucose,fasting serum insulin,
HOMA-IR levels,and inducing the activation of the insulin receptor signaling pathway.

Key words fenugreek;leptin-deficient ob/ob mice;inflammation;insulin resistance
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PRI I | A SR RS AR RE T A
WE5E T SR B L HE e 3% B0 A 4 R AIC B 4 O 1 Bl
By AT, A PR AL BT W B g SR 4R
By A-¥2 56 5 e 24 R A 1R A1 AT 8 gk 00 o) i 98 SR B 1A
F-(tumor necrosis factor, TNF)-a FlJ I8 IR FE K+ 4%
ALEE (TNF converting enzyme, TACE) 1% $4: 3 ot 3%
3T3-L1BE T 40 Mo A HepG2 T 41 Mo i s 55 = 418450, 1M
AP AE A P A TS AT A R AH DG R RE I ER 5 2R K
PURIRE B AE e A T 50 Uk, A OF 5% 8 2 & 57 8 i
AN BB B UL P B IR T R T R AE IR LR R 2
PRFN INK {5538 8% 45 1Y 52 ), SR 180 2 TR T L JE Y
Al s AL .

1 MBR5FE

1.1 SRz

20 HMEM: C57BL/6] /NER (3 JE W ,17~18 g),20
TUHE 98 Z BB ob/ob /NEL(3 R, 18~19 g) 1
W T bt Al R AR S S W B R A IR FL L BT A B

TRECZH (NC 20D Hl i R TR 2 (HFD 41 204 10
NC 20 /) UV 5 15 % faDRE HED 41/ RO 75 e i bl et
A48 R BB B ob/ob /N BB HIL 43 SR 5 P E R
HIRIT 4 (Fenu/L 40 U A I 7 136 97 41 (Fenu/
H4D), 844 10 H:Fenu/L 4/ KW FE 1IE & 15 8,
12 J&] J5 B R HE MR ARR) & 8 2 50 (0. 1 mL/HD L #F
2L 12 J& ; Fenu/H 41/ RS2 E % 170k, 12 )5 & R
TR R A R (0. 2 mL/ D) L RS 12 A
1.4 1% #0 B8 i B A 3R Y
/N RS £ 3, o T g Tk S AR A i v 1
mL, &0 5 B W AE-20 CF A7, R, 43 5
THEGAEN AL, E-80 C FIRAF,
1.5 WEIEHR
L5.1 AR R4 B 3 A Ak 3 A0 I i v
BUH[#E B (total cholesterol, TC) . H il =g (triacylg-
lycerol, TG) . ¥ % B g & M Chigh-density lipopro-
tein, HDL) F1{& % Ji& I8 2 A (low-density lipoprotein,
LDL) K-,
15,2 JREBRIGESEITE R TR & 2

T3 TR K stm .
1.2 HABGHFHNH&E
HE M A 2 T B R R, 7R 25 IR K T R i
JE A . AR B UITEY . AT R,
1.3 ZIBHARBER.LGHFR
& AR FE 1 RS 8 C57BL/6] /NER LA M 1E B

G 1 H% S SR FH Tl 16¢ 0 92 W% B 32 35 Cenzyme linked immu-
nosorbent assay» ELISA) i G4 I 23 I il 35 1 5 K .

Ji i 2 #E BT H8 L (insulin resistance index of ho-
meostasismodel assessment, HOMA-IR) i i H & &
BBATAL L E471F 5, HOMA-IR = (%5 J 1 B X
2 M R 3D /22, 5.
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1.5.3  RAEH T (L-18 M 1L-6) F#a L 7 (MCP- 7 (TrizoD) M2 T 1 41 23 P B BUS RNA, i 1 S 5%

DWE R ELISA 57 & i & i i $ 1L-18.11L-6
1 MCP-1 # H K,

K H RT-qPCR #: K¢ g 15 41 21 b TL-18. 116
1 MCP-1 B mRNA FKiEKF-, 15 RNA fifi 42 i

x1

B RNA 746 cDNA, #RJ5 78 PCR AL #8459
B4,95°C 10 4341, 95°C 30 #,60°C 30 #0.,40 PNEIR,
KA 2722 g ik AT o AT ik AL DL B-HLBh 2R (Bac-
tin) NS, 5IHFFILF% 1.

T RT-qPCR B34 5 %)

EIEZEq S EWES1 Y

L

B-actin CACGATGGAGGGGCCGGACTCATC
IL-1B AGAGCATCCAGCTTCAAATC
1L-6 AGACTTCCATCCAGTTGCCT
MCP-1 CCAGCAAGATGATCCCAATGAGT

TAAAGACCTCTATGCCAACACAGT
CGGAGCCTGTAGTGCAGTTGTC
CATTTCCACGATTTCCCAGAGA
CATTTGGTTCCGATCCAGGTTTT

1.5.4  JeWrgH b iR R Z AR F INK {5 =8 i Il &
K FH BT 0 22 U 18 R 56 (radio immunoprecipitation
test, RIP) 2 BN K2 B IR Wi AL VR i b 4R BUEVEE
B TR SRR 5 Y088 12 96 1 3R T M DR i € e riL Tk
(polyacrylamide gel electrophoresis, PAGE) ', 8k J5
2 RIR _ M L (polyvinylidene fluoride, PVDF)
L. K PVDF JRIE A& A 500 AR W58 19 Tris
Buffered Saline+ Tween(TBST) £% i ik 7 , 4% K 5 4]
2h. R 5FEN—HifEAC THELK. ¥ PVDF
BRRA B E W Wb . VeSS R R R Bk e kOt
(enhanced chemiluminescence, ECL) {7 il fa & 1Y 1o
AACYIEEE LA 121 1 IR & 26l i iBright 8
RE IR R G AR UK Fr .
1.6 HiTFFE
KM SPSS 23. 0 #1751 F 43 o R Graph-
Pad Prism 7 817228, A1) o3k B R R 7

2000, L P<<0.05 BaRERAEAFKIFE X,
2 &R
2.1 KELR

ME3% 12 )5, HFD 41 .Fenu/L 4 .Fenu/H £ /)
FRARHE 34 I 3 5 T NC 41 (P<C0.05), Fenu/L 4.
Fenu/H 41/NRAKE 3% = T HFD 41 (P<<0. 05),

Zead 12 JAH A ERYT S » Fenu/H 4/ FUAE B
T HFD 4 .Fenu/L 4 (P<<0.05), W% 2,

K2 HHNBKEELEMR=10,g.7E5)
21 5] 0 J# 12 JA 24 J&
NC 4H 16.52£0.79  22.93+0.87  24.56240.65
HFD 4 16.804+0.72  30.50+2.91" 34.99+2.68"
Fenu/L 4l  20.064£0.91  42.90+3.56"" 34.1143.15
Fenu/H 4 21.4140.25 43.454+2.49"% 32.06=E£1.35%4

5 NC #4a48k” P<<0.05; 5 HFD 448> P<0.05; 5
Fenu/L 4148 ¥k 4 P<0. 05
2.2 I35 TC.TG.LDL HDL 7k 3 Lt

HFD 4/NRUILHE TC. TG fil LDL /K & % & T
NC 241 (P<C0.05), HDL 7K F & F %+ NC 44 (P <<
0.05),

Zeat 12 J# P BB YT S s Fenu/L 4 \Fenu/H 41
NI TC, TG Ml LDL 7Kk F & # (% T HFD 4
(P<<0.05) , HDL /K- & 3% & T HFD 4 (P<C0. 05)
H Fenu/H #H /R il ¥ TC, LDL K-F & & & T
Fenu/L 4 (P<C0.05), W% 3,

2.3 TREmMME.FEMBRKSE.HOMA-IR X F
7%

HFD 41/ R 25 I8 il % . 25 18 i 3 R & = M
HOMA-IRZK - 1.2 & T NC 241 (P<<0. 05).,

20t 12 JH#H S ER YT )R s Fenu/L #H . Fenu/H 4
/N RS T IR L 25 I I R B R A HOMA-IR 7K - 2
FETF HFD 41 (P<C 0.05); H Fenu/H 41/ il =5 i
ML B % 2 Al HOMA-IR /K- & K F Fenu/L 4
(P<<0.05), WL#E4,

£33 HH/PMK TC.TG.LDL.HDL /K> % (n=10,mmol/L,z+s)
20 5 TC TG LDL HDL
NC 4 1.41840.078 1. 0464-0. 084 0.7700. 044 1. 01540. 256
HFD 41 2.346+0. 525" 1.55340. 422" 1.15940. 359" 0.60940.041"
Fenu/L #1 1.803+0.2974 1.13440. 2792 1. 04440. 2612 0.747=£0. 057~
Fenu/H #H 1.681+£0.153°4 1.097-+0.201% 0.834+0.03244 0.823+0.0574
5 NC za483t " P<<0.05;%5 HFD 28484 P<{0.05; %5 Fenu/L 284814 P<{0. 05
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2.4 Mi% IL-1B.IL-6 . MCP-1 7k J Lb 4%

HED # /) 81 7 11-18, 1L-6 . MCP-1 /K - & 2
BT NC 4 (P<<0.05),

Zeat 12 F# S EIEYT S Fenu/L 4 \Fenu/H 4]
/NEUIAL TS TL-18.1L-6 . MCP-1 7k F & % T HFD 4
(P<<0.05), H Fenu/H 41/ B3 1L-13.1L-6 K
BEMRT Fenu/L 41(P<C0.05), WFES5,

2.5 RETHEEHASL IL-1p.IL-6 1 MCP-1 &) mRNA
B3t RiL K F L

HFED 41/ B2 T g i 4l 40 e 1L-18. 1L-6 1
MCP-1 ) mRNA X} 3 ik K3 W 2% & T NC 4
(P<<0.05),

Zexd 12 B EE Y75 . Fenu/L 41\ Fenu/H 41

INEURZ B RS 423 TL-1R.11-6 A1 MCP-1 ) mRNA
FHXT 35 K P ¥ 8 KT HFD 41 (P <<0.05), H
Fenu/H 40 B &K T Fenu/L H(P<<0.05)., WFE 6,
2.6 K TRERFAYA p-IRS-1, p-PI3K, p-Akt, GLUT4
M c-JUN,p-c-JUN.JNK.p-JNK & A RIE L&

HED Z /N T AR 440 - JUN, p-c-JUN,
JNK 1 p-JNK B2 1 £k K F i F NC 4, p-IRS-1,
p-PI3K . p-Akt . GLUT4 {2 [ &K K LT NC 4.

Zydk 12 F# A EIRIT ), Fenu/L 4 \Fenu/H 4
N FREIF A - JUN,p-c-JUN,JNK Fl p-JNK
B2 1 % 35 KE K T HFD 4, p-IRS-1. p-PI3K. p-
Akt .GLUT4 By H£KB KT HFD 4, WK 1,

x4 KU/ RANEIRE 2SI 0 B R CHOMA-IR K (n=10,2+5)

41 ) =3 8 1B (ng/mlL) 25 I8 ML BB R (mU/L) HOMA-IR
NC 4 1. 04740. 191 5.12240. 789 0.23840. 049
HFD 41 1. 3594+0. 265" 8. 844+1.058" 0.53440.056"
Fenu/L 4 1.2714£0. 348~ 7.240+0. 8174 0.418+0. 0564
Fenu/H 4 1.26440.176% 6.520+0. 91644 0.311+0.076%4

5 NC 4kt P<<0.05;%5 HFD 2848 56” P<{0.05;%5 Fenu/L 4848 )t P<{0. 05
x5 /NN 1L-18.1L-6 ,MCP-1 /K L (n=10,pg/mL,z+s)

21 5 IL-1B8 IL-6 MCP-1

NC 41 13.467+1. 634 58.306+5.133 160. 931418, 485
HFD % 20.93242. 015" 90. 897 8. 467" 205. 422420, 260"
Fenu/L # 18.099+3. 259% 76.553+6.316% 191. 044 +38. 448%
Fenu/H #H 16.03142. 61674 70.100+5. 276°4 184.219-+10.899%

5 NC 4R " P<<0.05;%5 HFD #8481 P<<0.05;%5 Fenu/L #8484 P<<0. 05

K6 FHHNEKETIEN44 1L-13.1L-6 Fil MCP-1 f mRNA X} 5K F HE (n=3,7+5)

21 5 IL-1B IL-6 MCP-1
NC 41 1.10140. 082 1.30840. 471 0.67840. 283
HFD 4 3.54240. 401" 3.85841.533" 2.54640. 225"
Fenu/L #41 2.35240. 2824 2.310+0. 6754 1.61940. 170~
Fenu/H #H 1.46140. 34774 1.11940. 34374 1. 24840. 20474

5 NC a4R¥ " P<<0.05;%5 HFD #8481 P<<0.05;%5 Fenu/L 8484 P<0. 05

NC HFD Fenu/LFenuw/H

p-IRS-l — e a—

P-PI3K | v e e s

P-AKL | S_—— ——

GLUTA | S cn. S Sy

GAPDH | e« omm emm®

NC HFD Fenu/L Fenu/H

c-JUN | ™ ol s w—

p-c-JUN

INK

p-JNK

GAPDH e e o o ’

B1 &4/ FIgHAZS p-IRS-1.p-PI3K.p-Akt .GLUT4 fl -JUN,p-c-JUN.JNK.p-JNK % [] % ik 1k &
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98 B L TR Cobese, ob) 4w 65 7= 4y, =2 JIg 5 41
FfL o3 WA ) A BRI R L R Y RE T BB AT R
J7 W S AR AT, 8 R B B ob/ob /N BUE — i
T ob B A 4l5 7 A A B M 58 AR T TG 125 3% 3K O3 B
BAIE H Yy 6E & R A AL v/ B, A2 1950 4F 1 In-
galls INEHY . BEREFEA ob/ob NRERIH A E
ARG L A R 1, 7= AR T I R R A 2 B 5 E R
P B BRARRE LY C57BL/6] /N B A v I 4R R
ST 9012 A AT H ST AR e/ BB

JIE T 3 B DAy — o A0 B 1) 450 S M S IE AR 2 TE A [
0 AR I 2H 2 v | R AR IO U, AT BBOUBR B R R
JE Rt 1) 4 RE PR 2 SR F B P58 40 B 6 955 i D7 24 2 1 Ik 44
JLFT T 4 D 1 AR 2 2 R T 3 S B, AR
NREH BRI 2B WA g Pk o M1 B R g 4 i, &
AR R 40 M 740 TL-1R.1L-6 #1 TNF-a. €] & — 4~
REL 1 017 40 Y %o Jle B2 3R T 8 41 8 B 55, DA 7T 5 2 Je
BRI K,

Ak R 2 — S g A 4h i 2 1) 78 3 B N
I3 UAEE L MCP-1 J& T a1k IR 5 G5 18— > /N 40 i 1A
F. MCP-1 25l 21k CC b N+ 32 & (chemo-
kine c-c-motif receptor, CCR) 2 S ¥ H.AE ¥y 2~ vj , 7]
DA A [F] B9 45 5 5 3 % L 191 dn 22 284 D 0% Ak 4 1
fif (mitogen-activated protein kinase, MAPK) & 4% (i
e ®ELEE 3 ¥ B ( phosphoinositide-3-kinase, PI3K) /
T H IS B(protein kinase B, Akt) 84000

i & R ARHT YRR A 32 R IO R B R 2 AR
(insulin receptor substrate, IRS)-1/PI3K/Akt & 1%
BEIR ALK B AR N T S BURE B R A5 5 W, g
5 2H 25 I W 240 3 00 1% 41 ¢ 400 L L (g TL-1 8, T~
6 1 TNF-o) T 03 B 5 3% 4 40 i P 5% A0 10 OC B 1 5
7L i INK, 7R RS2 151 INK B30 25 1
1 9 1 2 5 R, A 46 1% 4% 5% I F (nuclear transcrip-
tion factor, NF)-«B, i 3 S 5 2 52 AW 1 22
MR B AL, Ak T T e JB B R MR

A 5T 45 Kk B, # A AT R ob/ob /N B
& IFE T AR B A R 4F R B VR AT 5 81 AT
S R S8 5E P (TL-18.11L-6) M B4k I 7 (MCP-1) %
ik VBRI TNK 58 GE 15 = 38 #0800 1M B BT AR R
PE A AT SE o R AR 2 M B, A R IV R K
HOMA-TRIK - 15 5 198 B 38 32 M5 {5 5 388 15 A s i
I WY S ) A e 5 R AR

25 L RTIR T B R B IA T I R R el R

FEHPOVER 7T 8210 i R T 4 4E B F (IL-18 1 1L-6) &
L R (MCP-1) L -9l INK A5 53 35 10 35005 | e 2858
BT 9 FNscE e 5 EHRPT A S TR,

& % x #
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