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Anti-hyperglycemic Effect of Fenugreek Seed and Mulberry Leaf Extract Formula on the Blood Glucose
Levels of the Insulin Resistance and Metabolism Disorder Rats Models and the Mechanism

KUANG Rong', LIU Lu?, LIU Yan’, LI Minjie’, DU Jun’, SUN Yedan', QU Linji', CHEN Chaofeng®’
(1. Zhejiang Institute for Food and Drug Control, Hangzhou 310052, China; 2.College of Pharmaceutical Science, Zhejiang
University of Technology, Hangzhou 310000, China; 3.Amway (China) R&D Center, Shanghai 201203, China)

ABSTRACT: OBJECTIVE To explore the function of fenugreek seed and mulberry leaf extract(FSML) on regulating the
blood glucose level and its related molecular mechanism. METHODS Two rat models of dexamethasone(Model 1) and
alloxan(Model 2) were established. The concentration of blood glucose, blood lipids and the protein expression levels of the
IRS1, GLUT4 and PPARy were tested to evaluate its hypoglycemic function. RESULTS In the Model 1, the FSML treatment
groups at both two doses had a significant lower 0.5 h blood goucose level and AUC value compared to the Model group(P<0.05).
In the Model 2, the high dose of FSML treatment group reduced the 0.5 h blood glucose level and AUC value when compared
with the model group(P<0.05). The results of the Western blot test showed that two FSML treatments groups significantly
increased the GLUT4 and PPARy protein expression levels when compared with the model group(P<0.05) in Model 1.
CONCLUSION This study demonstrates that the FSML has the potential anti-hyperglycemic effect and the possible
mechanism is that FSML can regulate the insulin signal pathway through up-regulating the protein expression of PPAR y and
increase the protein expression of GLUT4, accordingly the cellular blood glucose uptake is increased and the insulin resistance in

the muscular and adipocyte tissues is decreased.

KEY WORDS: fenugreek seed extract; mulberry leaf extract; IR; OGTT; GLUT4; PPARy
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S HH 7)1 A2 AR S PH M R 2, IE R R A
A, S A T AR RAE 1 B, B
I IR A, A 25 411 o ok v Ve T REH (B
2 R G[2012]107 57 fRE, mh
2 JAJE, AR DRSS il R s i i b 2 KA
0.8 mgkg ™', FEH 1K, S 11d, 4kae Tk
ReTADRLMETE 3 do IS5 RAT 1 d, SHZE R
3~4 h, 5 2 Mg I KE 2 & (fasting blood glucose,

FBG), Z[8JE 5 2 (fasting insulin, FINS)1& &,
PLA & R ) TC. TG, HDL 1 LDL & & . If
DL FBG {E1EN 0 h MLBEE, 15~20 min J5 % 4H 4 1
T HEIERE 2.5 gk, ML EIE S %41 0.5,
2 h Wb . 4% & oS s h 26 N AR (AUC)
Ffig 5 2= HPTIE L (HOMA-IR) .

AUC=1/2 X (0 h I ¥E{E+0.5 h Il §EE ) X
0.5+1/2X (2 h MAEE+0.5 h MFEE) X 1.5; BB E
HHIB L (HOMO-IR)=J# 1 % /22.5¢ """,

REAY 2. UG I 75 5 ok B AR PURE P AR 2%
ELAEA . IEW X RALE L, AikE 44 KR, 4o
DRERL AL, PH 25 % BB 41(333.3 mgkg XL
), FSML f&FI&(17.5 mg-kg™"), FSML =7
EHG5mgkg s HT AEIHEERIER 10 1%),
A1 HRR . 5 dlG, 45 B AR

BB 2, IR HE S IR A R
FHG T HBLER R IE 1 G, BRIEHE R4

Gb, HRBAYEHR mPAAE SR “EHady
HORA[2012]107 57 fOHE), MM 3 Ji G, BRIE
WO R ZH AN AR I EE T 24 h 5 (A EEIK), IR 4
R E BRI 255 2016 4F 5 H 55 33 545 5 W

VU IE 105 mg-kg ™o VS 9k S48 F A REL
R 3 do WRIGLE R AT 1 d, S A2EE 3~4 h,
3 FBG, FINS & &, LLAIMEHH TCy TG,
HDL #1 LDL [ % & . 3 LA FBG {A1E A 0 h fLBE{H,
15~20 min J5 % 4148 OV T3 4 0% 2.5 gkg ™', W2
L EEE &4 05, 2 h WIMLPE. AUC A
HOMA-IR ¥Jit5 IR I
1.4.2 Western blot 52546 SEIGEE W 5, FREGHEA
1 ST % 2H KRR B i B LA ZRAN IR T 4L 21,
HL 3 H UL Lsh Wi e 4047 s, e B e L
HAP R RS w2 MAE A 1(nsulin receptor
substrate 1, IRS1), FMfiZ¥ GLUT4 FjfufiX GLUT4
FAMEGE, UL F1 PPARY , M3
GLUT4 FIffE GLUT4 AWM & &, HARSR T
T B RTE R BRI R AR 7 4L 2R ] RIPA 58
ZY AR W (50mmol/L Tris-HC1, PH 7.4, 150 mmol-L™"
NaCl, 1%TritonX-100, 1 mmol-L”' EDTA ,
100 mmol-L™" NaVOs;, 1 mmol-L™' PMSF, 0.1%
SDS, 1% %A MR, 75N o B & FE &)
PRIER . BFE 50 pg HEH, 4 10% SDS-PAGE HL
KB 5 % PVDF JEE L, 4°C. 5%/ii5 9k
-Tris ZHER S R(TBS)E A1, K B HT IRS1 £ v b
i1 : 1500), GLUT4 £ FBEHiAN  1000),
PPAR v £ 7 B B/ (1 3 000) F1 5 #7T B-actin £
GAPD Hifk, MIAE 5%W R TBS 1, =
i F5 PVDF 4G E 1 h, BS5HMRE ALY
Tl 5 3K P BT TgG(1 & 1000) —Hi =16 FAE S 5%/t
JEWH ) TBS H&5G 0 E 30 min. HLEIUAL S
RS A 5 R OGS s IR AR B AT, A iR
£ [l GAPDH F1B-actin )58 FF ELIE %R .
1.5 FdR gt

1ZH SPSS 20 BAFHHATHIE TG, R
V7738 F B 2R 22 99 H (one-way ANOVA), £
Wik H LSD Fik.
2 H#HR
2.1 FSML X7 BRI IR R0 2 G i 5% 25 1) 52

FESEUe T R AR 1 AR T IR AT AR
Jei» BEAUZH K BRI 0.5 h IR 4 1 8 X IR ZH 2 %
FF i (P<0.05), 1fi 0 h A2 h IfpEsA T, £
PR WiRrE R W AN iR T K S
(impaired glucose tolerance, IGT). FSML £ H 4
2y 2 AR A B E I HIRL ALK A 0.5 h Lk
Ft @ (P<0.05), JF & E G TR R KR K

Chin J Mod Appl Pharm, 2016 May, Vol.33 No.5 - 553




AUC(P<0.05). {H FSML ¥ {5 % 2= g ILF% A1 2 h i
FEICBA AR, X LTS o A g B 2R 7K1 R G B 2
SO . T BH M B ZH 4% IR IR 25 2505, 0.5, 2h
MR AN AUC B3 B R BFAC. S5 5R W 1.
TSI T AR 2 BIER TV TR
Ja, HRAKERM 0, 0.5 12 h 1 ME{E AT AUC
PR e 2 3 T v, R AR AR T V2 [R]I
& T KRB G I RE 52 4% (impaired  fasting
glucose , IFG) Al ¥ iy & Jif (X (impaired glucose
tolerance , IGT). AHH T 8 Xf M40, FSML
35mgke ! WEHAH)E, A8 EMEIBEKRM
0.5 h MLBEAE AN AUC /KF, i %o L7 o Al i & 22 7K
SETCEA R RS . PH X A 2 OIS 24 )
BRI 0.5, 2 h MUBE/KF, AUC MITLE R &

KR FERC. SR IE 2,
2.2 FSML XA K bR I A B 5

2 PGB 7V RE 5| R K R B IS TC. TG
LDL /K FHIE T s BB 2 Rty ik 38 ml
TORE Ie A 54 . FSML K7 R4 B 3 T
B 2 KB HDL K- F(S A LA, P<0.05),
Btz b, FSML B X 9 A 284 1) A i br TG BH
ER . SR NE 3~4,
2.3 FSML B Ifin b% B4 F L

FSML ) 2 M IE4 250, B8 1 REIULA
AT 5 21230 1) GLUT4 (R (A 3Rk /KT 34 18 35 42
B. FSML 35 mgkg ' 45245)5, B 1 KR A
i ZH 23 ) PPAR 1y ()8R R IA K 2 2 T
GRS FE 1.

R1 FSMLAMEAREIREG FHAERE A FAERARNDENRE ZAFHOZHE(XLS)
Tab. 1 The regulatory effect of FSML on the blood glucose and insulin levels in rat models with insulin resistance and glucose
and lipids metabolism disturbance induced by Dexamethasone( x %+ 5)

I/ 1M 4 (& /mmol - L™
il g n AUC FINS/mIU-L"!
mg-kg 0h 0.5h 2h
IEH TR / 10 5.3£1.2 7.51.4 5.7+0.4 13.1£1.6 2.94+0.68
il / 11 4.7+0.5 9.2+1.4" 4.8+0.6% 14.0+1.3 3.06£0.51
FSML 4 17.5 11 4.5+0.9 6.0£1.1Y 4.4+0.6 10.4+1.4% 3.15+0.22
H
35.0 11 4.6+0.7 6.5+0.9” 4.6+0.8 11.2+1.3% 3.11+0.26
B A IR 2.5 11 4.5+0.8 6.3+1.1Y 3.240.8Y 9.9+1.1% 3.06+0.32

E: SEEXEALLE, VP<0.05, PP<0.01; SHRALLE, PP<0.05.

Note: Compared with control group, "P<0.05, 2P<0.01; compared with model group, *'P<0.05.

*2 FSMLAEEAERFTHRSZRIUEBERHZAREARNODRMRSZAFHZH(XLs)

Tab. 2 The regulatory effect of FSML on the blood glucose and insulin levels in rat models with insulin resistance and glucose
and lipids metabolism disturbance induced by Alloxan(x £ 5)

ol e/ B /mmol-L™
| ’;'(JEA n AUC FINS/mIU-L™'
mg-kg 0h 0.5h 2h

TE X AL / 10 5.3+1.2 7.5+1.4 5.7+0.4 13.1£1.6 2.94+0.68
il / 11 6.6+1.1" 10.4+1.87 6.8+0.8” 17.242.5? 2.81+0.42
FSML 41 17.5 11 6.6+1.3 9.7£1.6 6.7+1.0 16.542.0 2.89+0.56
35.0 11 6.240.8 9.1£1.3¥ 6.3£0.6 15.3+1.7Y 2.66+0.44

ORI 333.3 11 6.6%1.4 7.3+0.6% 5.840.8Y 13.3£1.2Y 2.28+0.25%

T HIEEXRARE, VP<0.05, PP<0.01; SHEAHE, YP<0.05, YP<0.01.
Note: Compared with control group, "P<0.05, 2 P<0.01; compared with model group, *P<0.05, YP<0.01.

&3 FSMLMHMEXMEFHRS ZFRAUEBERHZARLEARWDEHTZH(XLs)
Tab. 3 The regulatory effect of FSML on the blood lipid levels in rat models with insulin resistance and glucose and lipids
metabolism disturbance induced by dexamethasone (x * 5)

H 5l F & /mg-kg ™! n TC/mmol-L™! TG/mmol-L™" HDL/mmol-L™" LDL/mmol-L™"
TE X A / 10 1.02+0.12 0.58+0.03 0.67+0.06 0.30:+0.06
FERIZA / 11 2.46+0.59" 0.83+0.13" 0.67+0.06 1.60+0.36"
FSML 41 17.5 11 2.46+1.12 0.77+0.10 0.62+0.07 1.58+0.33
35.0 11 2.82+1.42 0.89+0.15 0.68+0.09 1.65+0.57
¥ 512K R 25 11 2.32+0.41 0.79+0.09 0.74+0.08% 1.54+0.35

e SIEEXTEALLE, VP<0.01; SEIMMLLLE, PP<0.05.
Note: Compared with control group, "P<0.01; compared with model group, 2P<0.05.
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F4 FSML BB NEEZFSREFRAUERERUAZTAHEEARN DN HE(XLS)
Tab. 4 The regulatory effect of FSML on the blood lipid levels in rat models with insulin resistance and glucose and lipids

metabolism disturbance induced by alloxan (x £ )

A 5l FE/mg-kg ™! n TC/mmol-L™ TG/mmol-L™ HDL/mmol-L™" LDL/mmol-L™"
IEH X IR / 10 1.02+0.12 0.58+0.03 0.67+0.06 0.30+0.06
oLkl / 11 2.45+0.74" 0.83+0.11" 0.71£0.04 1.76+0.76"
FSML 28 175 11 2.60+0.71 0.89+0.25 0.81+0.09” 1.8240.59
35.0 11 2.78+0.52 0.90+0.21 0.76+0.08 1.96+0.58
U 333.3 11 2.79+0.43 1.01+0.22% 0.92+0.13¥ 1.7740.41

E: HIEFXHALE, PP<0.01; SERANE, ?P<0.05, YP<0.01.

Note: Compared with control group, "P<0.01; compared with model group, >P<0.05, *P<0.01.

5 FSML 2 KA TE -5 R 8 F AR I0HE g R R ELE A A R 2 19 IRS1, PPARy £t GLUT4 & B &k 8 #%(n=6, X £ 5)
Tab. 5 The regulatory effect of FSML on the Protein expression of IRS1, PPARy and GLUT4 in the liver tissues of the rat
models with insulin resistance and glucose and lipids metabolism disturbance induced by Dexamethasone(n=6, Xx 5)

, 1 LA 4LEL et 4151
A 5 7l & /mg-kg”
IRS1/GAPDH GLUT4/GAPDH PPARy/B-actin GLUT4/B-action
NP / 1.76+0.44 1.2840.11 0.26+0.03 1.48+0.17
R / 0.87+0.20" 0.95+0.12" 0.32+0.03 0.62+0.05%
FSML 41 175 0.97+0.18 1.40£0.22% 0.30+0.01 0.84+0.09”
35.0 1.08+0.19 1.50+0.11% 0.91+0.05% 1.77+0.229
PC (18 52K %) 2.5 1.49+0.37% 1.33+0.02Y 0.92+0.07% 0.85+0.09%

e SIEEXEALE, VP<0.05, YP<0.01; SEAAHLLE, PP<0.05, YP<0.01.
Note: Compared with control group, "P<0.05, P<0.01; compared with model group, *P<0.05, ?P<0.01.

N 17.5 mg-kg™' 35.0 mg-kg™!
B _—
bupicHi s itk FSML PC

dPa b I ks
S S R S S G APDH
b e eub o= Gy .U

GAPDH

e

B-actin

B . - s S s GLUT4
T e e e S oocin

Bl 1 IRS1. GLUT4. PPARy #%& & & A% Il
Fig. 1 The expression levels of IRS1, GLUT4 and PPARy
by Western blot analysis
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T AP 32 200 L ) 26 W e D, DT A 38 e e i
FHCPT, PR ILRE I D

AHC 75 ) B MR T SRR Y R
1-DNJ FU# A EAF SR I 1 4- 2205 7 s
FRAE LLAE SRR IE , 1-DNT 2 55 - SR B % 34 B b
TERR —MEZREEY R, E2—M o P
R, nT DA A A e iR R e AR RS R
T 2 A6} 6 7 B N2, A SCikARE,
1-DNJ 1T DA 33k g 4 it 1 2 7 i i B 1 4 3
S R R A — AR 8 7 R R I A B
P SCHRIRED, ZE v R BRI b PI3K K,
BN GLUT4 MR P [va RS 1) % %, 35 e 1) 7
I ETEEL . IF RE R S PR RS S0 3T3-L1 IR
P PR S RGP 4- R R Al
Hhn GLUT4 W HRIE, 213F Le & L4
HE R, AERARIPIRE -8R R AR
RO RS ZRAER, A RN O KR A
1 4 W 52 P 0 G5

IS A SIS ORI, PiE IRA YL e
8 PPARy FEHRIE, AT G 58 %,
BN GLUT4 25 (FA3RIE, M T 388 0 241 i 1) 6] 467 1 4%
B, yk/b A JE iR S AL A R S R b (HiE
AR ) A T S SR B 1) o B EF B 661 75 5 =2 36 AIE

ASZISAE DAL TR SEAE b, K 1 — e
LV A, ad ik 2Rk A [RI B ) B A R R A A
TR G, RIFE LB RETE R s[RI
N3 F-25 2 T BB AL 5 T SRR NI T, R &R
THITXHIIRST. PPARrAIGLUTAN 2K [ # ik 50

Ty Ak, A R B AR TR S B ST A 35 L AR
B, o — OB R BT AR, SRR A Uy
T 75 REHE AL TR PR 5B B K BT 8 BOR % L hE
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