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Antidiabetic Effect of Herbal Formula Containing Mori Folium,
Euonymi Lignum Suberalatum and Ginseng Radix in db/db Mice
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Pharmacology and Clinical Pharmacy Lab., School of Pharmacy, Kyung Hee University, Seoul 130-701, Korea

Abstract — Type 2 diabetes mellitus relavant to insulin resistance is a chronic and hard to control. In order to develop an antidi-
abetic agent from natural products, anti-hyperglycemic effect of herbal formula containing Mori Follium, Evonymi Lignum
Suberalatum and Ginseng Radix (MEG) was investigated in db/db mice. Treatment group was administered orally with MEG
formula at a dose of 300 mg/kg for 5 weeks, and blood glucose, insulin and lipid levels were determined. MEG treatment group
showed a marked decrease in fasting blood glucose level and insulin resistance index (JRI) compared to those in diabetic con-
trol. Improvement of insulin resistance (60.6%) was indicative of reducing lipid levels in plasma and triglyceride contents in
muscle and adipose tissue. In addition, expressions of an insulin responsive gene, glucose transporter 4 (Glut4), in muscle and
adipose tissue were upregulated in MEG treatment group. Compared islet morphology between groups, MEG formula pre-
vented the B-cell destruction caused by high blood glucose. Taken together, MEG formula can act as an anti-hypergiycemic
agent with insulin sensitizing effect, and thus desetrves a clinical trial in the future.
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HlorZ o]gdld P AT V1AL AEHYG

100 g& 255 1 L2 85°Col 3717+ 4 23] 7k &3
o 73 ok 9 g SAAE T

AlsiE= _ C57BL/6T db/db 853 9] 84 rReAE B
SLCAEERE 7sted BEAA 27579470 15 2
ol Al23ath AFEELS 5 50%, 25 24~-26CE
SAHE BEAA A&l on B3 AlgE AR-E
A3 ¢ s TFGT APt G tix (DO),
Az PR QAR 1:1:19] BIEE A& = 300
mg/kg FAFMEG), YINZTL2E metformin 300 mg/kg
EoZMDE Al 2o 2 it EEES vz
o] ulwE 93l T &S ARSI
dofl X[ E BA — ¥ XE BAS 9% A AHE 12
F a2 3 AAsiE ok A B3 2o AEE
3,000 rpmoll A 1587 ¥4 #2] (5417R, Eppendorf,
Germany)3 & 4L 2o ARSSIGth % 259 5
% glucose oxidase methodS AHESH] A8 &
Z ZAA 4} (Triglyceride, TG), & F#| 28 E (Total
Cholesterol, TC), LR =X A F 2B E (HDL-C) &
T olakA| koA AlHElE kitS ARgSte] SBIAL, f
2] Xkt (Non-esterified fatty acid, NEFA)] 735 €4
A ek 248 NEFAZYME KitS Gl 9ststekgolr +
dslgon FFx =274 UV Spectrophotometer (U-3210,
HITACHI™, Japan)E AH-81ith. 8% d&d F=< 7
2 insulin ELISA kit (Shibayagi, Japan)& 3> ELISA
reader (Labsystems, Finland)2 2783t}

ZHIM S22A &2 S8 - w54 Al 7k 24
< skl FPIA B ARRsith 7F 24 50 mg
<2 30% KOH 1 mi& 3713l 100°Colx] 308 &<+ 323}
ATk 34 500 ulell 20% Na,SO,8t olehe-g H71sied]
—20°CelA 12417k B¢ AR F 5,000 rpmell A 10
Eor A4l Baste] A=A AA SATh 70% dEES
ol g3t FAIFAL AR F A7 B ARAFNAL 4N
H,S80,2 #7138l 100°ColA] 102 B2t 23l ¥ 4N NaOH
200 WE 718ke] 3111713 glucose oxidase methodE ©]
£33k 500 nmelA T3S 2AshY

28, X4 =ZoiM SMX(ak &2k =X - v 54
Ao 253 A 22 AF st S84 TF B4
AR sldth 253 AWEE someel S22 EI W
& 2:1 &% &9 4miE 718t 43 F 50 mM NacCl
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0.8 mi& A7kete] EFE F 4°ClA 12417 B HA|s
Atk 1,300 goll A 58 Fot 4] e & {715
200 piE Fst] AATIRE A7 B9 712412 Triton
x 1000] E3E PBSZ 39 triglycride 27 A|oFE o]-&-st
o} 550 nmelM EF=S S4sAnt.?

F|Ato| SEfSFY RE - 2T AFS A3 dIF=
oA} 2145 0.1 M PBSZ AlF3le] B4 AXT F, 10%
formalindl X} 7R & 528 B A 432 5 A
olof wal GAREE A7 E435t5ATh olof xylene® &
28 3, paraplast (60°C)2 FFAIZ] T Zelsiich £
jE 222 microtome RM2125RT, Leica, Germany)g ©]
£33t smme] FAE AAE Az & g2bd AA 3}
AL A hematoxylin® eosin® 2 FA ST}

RT-PCR - 7}, A, &% ZA A & RNAS] 2=
guanidine thiocyanate-water saturated phenol/chloroform &
2] WhES o188t B350 UE ¥ RNAE o|aZ=
Hee o] &ate] A I £ RNAE 260 nm <}
280 nme] IPolM FHEE S4st] A7 5 RNA
1 ug-2 Moloney murine leukemia virus transcriptase 2}
random hexamerS ]88t} G@ASATE 7t primer®] &
71l g-& e 2tk PEPCK (phosphoenolpyruvate
carboxykinase)2] FHAF A €2 ATG CCT CCT CAG
CTG CAT A, B158AF A1¥& TTA CAT CTG GCT GAT
TCT CTG TT; G6Pase (glucose-6-phosphatase)?] S=HAF 4]
d& ACC CTG GTA GCC CTG TCT TT, HIFEAF M€
£ GGG CTIT TCT CTT CTG TGT CG; PPAR-y (peroxi-
some proliferators-activated receptor-y)&] FFAF A€
CCC TGG CAA ACG ATT TGT AT, H|FE A €2
AAT, CCT, TGG CCC TCT GAG AT; GLUT4 (glucose
transpoter 4)2] FHAF €2 CAA CGT GGCTGG GTA
GGC A, R|F8AF /€& ACA CAT CAG CCC AGC
CGG T; CPN (cyclophilin)®] =3 A} A €2 ATG GIC
AAC CCC ACC GTG H|FAF 92 TTA GAG TTG
TCC ACA GIC GGA GA; B-actin®] FHAF M <E-& GIC
GTA CCA CTG GCA TTG TG HIF3A A €& GCC
ATC TCC TGC TCA AAG TC; ©lt}. Primer= 20 mM
Tris-HCI (pH 8.4), 50 mM KCl, 1.5 mM MgClL,, 0.5 mM
Z}z} dNTP, 5 ul ¢DNA ZZ#] 3. 2.5 unit®] Tag DNA poly-
merase’} 0] gl 25 pe] whe gllo] FHF Tt
0.5mMe| F5== H7}sI3rh. PCR 242 94°ColM 1E &
oF WAIAIZ) & 59°CelA] 15 B3 Bolal 72°CellM primer
2 Fsled 308 F3I9Th PCR AHE2 0.5 ng/ml ethi-
dium bromide® B 1% agarose gel2 ©]&3sld 1714
= 3153t}. Cyclophilin (CPN)# B-actin SZH F-3AE
o] zFo= AMHAUT. :

= M2l - 5= AY A9 5 BF + 27 (mean + SE)
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Table I. Effects of MEG extract on plasma glucose, insulin
and insulin resistance index (HOMA-IR)

Pl I /1 i
Grou asr.n.a glucose meo ) Insulin HOMA-IR
Initial Final (mIU/ml)
DC 10006 145+1.1 254.5+5.1 163.6+10.5

MEG 95£12 9.0%1.1** 205.1+21.2 64.5+20.0%*
MT 10.1£1.3 82£0.7%%* 2358+6.8 662+ 18.7*%*

Values represent the mean = SE (n=5).

Homeostasis Model Assessment was used to calculate an index
of insulin resistance as insulin (mIU/m/) x glucose (mM)/225
**P<0.01, ¥**P<0.001 vs. DC

2 eI, BAXElE Student’s ttestE A IR &
& iz Hlwsle] P<0.05 o8k 4% #-o7el X)o)
7F oL #HSI

#u 3 nE

e o Qe MEY Mo 0|Xls HE - Table I
MEG £%2< db/db uH*oﬂ FEA AT FAR F
FE A E9 sl e X%W M BHE HAF
otk 9 ozt (DC)—— SFEEO] A (initial) ol H]
3 5 3 (final) 32 EF2 45mM A3 ¥FE MEG ¥
o e Aso] doluA] Tt 557 (final)e] EF
FHE 7t 27 vlwgt A7 g & (DOPN HIsl MEG
FAZE 5.5mMe] 87 ZAE B MT Fo23 v
T PR 3 ARNFH ol I e’ A

#<1 IRI (insulin resistance index) 5°3]'%8 Z§7F vl

A3 MEG o2& 55 5 60.6% IRI T3] HAE
Hol g4t fod A ded Aol MAHAT
(P<0.01).
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Fig. 1. Effects of MEG on hepatic glycogen (A), muscle trigly-
ceride (B) and fat triglyceride (C). Values represent the mean
+SE (n=5). *P<0.05, **P<0.01, ***P<0.001 vs. DC.
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Table II. Effects of MEG extract on NEFA, triglyceride, total cholesterol, HDL-cholesterol and LDL-cholesterol

Group NEFA Triglyceride Total cholesterol HDL cholesterol LDL choelsterol
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

DC 1816.5+ 4164 1153+ 11.9 1742 +£28.1 69.9+43 104.3+7.1

MEG 1578.0+71.2 100.0 + 10.1 160.5+7.5 78.5+8.0 81.9+4.8*

MT 1499.3 +224.3 87.3+10.6 171.9+13.9 76.3+5.7 957+94

Values represent the mean £ SE (n=5). LDL-cholesterol (mg/dl)=Total Cholesterol — HDL cholesterol — triglyceride/5. *P<0.05 vs. DC
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Fig. 2. Morphology of pancreas from control and MEG treated mice. Hematoxylin and eosin-stained paraffin sections of pancreas

from DC, MEG and MT. Magnification x 200.
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Fig. 3. Effect of MEG and metformin on either PEPCK, G6Pase
(A), GLUT4 (B and C), or PPARg (C) mRNA levels in liver,
muscle or periepidydimal fat. The amount of RNA loaded in
each lane was confirmed by RT-PCR of CPN or [-actin
mRNA. :
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