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Antidiabetic Activity of Mori Folium Ethanol
Soluble Fraction in db/db mice
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Abstract— Antidiabetic activity of Mori folium ethanol soluble fraction (MFESF) was examined in db/db
mice, which is a spontaneously hyperglycemic, hyperinsulinemic and obese animal model. 500 and
1000 mg/kg dose for MFESF (designated by SY 500 and SY 1000, respectively) and 5 mg/kg dose for a-
carbose were administered for 6 weeks. Body weight gain, fasting and non-fasting serum glucose, gly-
cated hemoglobin and triglyceride were all reduced dose dependently when compared between db/db
control group and MFESF treated group. At 11th and 13th week after birth, MFESF increased an in-
sulin secretion which may result in lowering serum glucose level. Total activities of sucrase and mal-
tase in SY 500 treated group were decreased when compared to db/db control. On the other hand,
those in SY 1000 and acarbose treated groups were increased. This result may suggest that proteins
for sucrase and maltase were compensatorily induced due to significant inhibition of glycosidase-ca-
talyzed reaction at doses administered in this study.

Keywords [ ] Mori folium, db/db mouse, glycated hemoglobin, triglyceride, insulin, sucrase, maltase,
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7} Qo] 71250 It ? JHE 5L AHFS9
e/ g0l Awe2d AW glyco-
sidase 84& At AR, HolF Z& AMF ¥}
A Bkl AsgAo) gdadhe ueb ln® §
2ol 2RSE2 08 477 vpg-2o]] RAF FE
2o A g} FAER FEH0 AF, BF X=T
2 e F 183 &%) glycosidased] #9d &
Aol vlxE Jge B vt gloh?

db/db P2 (C5TBL/KsJ)= Aol 91A)3k=
vjgkf- A2} (leptin) ¢ $-8#<2 Ob-Ra’} mutation
5lo] A3l A lepting] Az AG A Ao] A
A A =g HoldH, AWEHHo| dou} A2 3
w9t FAMS el vintE, 1014AY8E 189 52
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A2Y st oFF FARE ele] FERYWS db/db
w928 o] 83l 4 MR YL 657 A



614 FA43 - MAF L AGE

Fogk & AF HeldHFE, EF X3 ded
ZF "5 g4 AR a8]3 47 glycosida-
se 8402 sucrase®t maltasedl] 3 £Jdz &
42 84S FA3T
AHIE ¥ WY

AR - 5935 AT AT LA A B
U5-(Morus bombycis)Yd %8 732718 A
sy =8A A FFHR A 33 FEF F 24
ofssta ool o} rotary evaporatorg AH&-s}o]
749t AZ3 BEFEE S ATt B FE2E dHDFS
FHTo &A1 vhe SR F39 10u)ell 33t
= AEEE 718t 4°CollA 2412t Mol & o3}
3 JAg 7t AZRF T2 Axs ogE MR
& doj E Al A3t o] ¥ ERRRE <]
FEE2 6.8% ©|3dh

Al - Glucose, maltose, sucrose, PIPES, Trin-
der kit, GPO-Trinder kit, glycated hemoglobin
HbAl kit 52 Sigmarl2%E Fdsidoen d&d
radioimmuniassay kit® EIKENAIZEE 73515
i Bradford A1¢H(CoomassieBrilliant Blue G250
dye) Bio-RadAlollA T3t AMgststt. 19 A
RS Al 57 -2 IFA kS AT

A#P| - 2 234 AHEE 717 § 2 vy
3} 2} Centrifuge(CF-6000, Vision, Korea), Fre-
eze dryer(FD-5N, EYELA, Japan), Homogenizer
(Mazala A-1100, EYELA, Japan), Refrigerated
bath circulator(RC-10V, JEIO TECH Co., Korea),
Rotary evaporator(NE-1, EYELA, Japan), Shak-
ing water bath(NTS-2000, EYELA, Japan), UV
spectrophotometer(U-3210, Hitachi, Japan).

AEERE - 7739 T4 C57BL/KsJ db/db wH-
2(Jackson Laboratory, USA)E 4722 1} &
o F4TE db/db HET, AF kg A ke
7H-E-8 500, 1000 mg F497+E 24 SY 500, SY
1000+, acarbose 5 mg/kg ¥ acarboseT 2.2
ARG, AdTes 7 FH9 4 CHTBL/Ks]
+/+ U8 ALEE1Yon leanTt o2 BHEHL
E For|7EE 7 FHAA 13 FH7HA 9 657102
FHrd A 8E 3AA 82 TS

W 13] FE, H]FEAe] FdF T TS A

L€ S AN 8FA vpAGFR 13F0E T84
o] dAg AFslq YT £=7, e, I3} Y
&, FAALY FEE SH8Hen, AF BeyeR
28 AN F 238 FFs -T0°C YE el
B3H-F glycosidase 873 2748 $180 AHE-SI T
TEAS ATSAT Y AFHE 13 AHPM 9
00~AM 10:00) A7 F 24 10/]e] A8,
H]ZEA ] AT 243 B AHE oF 2 Ao 2A
et FAF ¥=g 75 S S 9T gL v
glol et de B8 AAY F 5000 rpmoll A 102
QAR 4L 8-S AR

AsEElE MY

S xoe ST &5 - AA WA Q2 Hf
€ 5000 rpmolA 1087 4AEste) 4 3
¥+ FEE glucose-oxidase ¥Hg-ol 7|2 Trin-
der'(Sigma diagnostic glucose reagent)?2.2 &
At

WS olaEl 55 &5 - 11 T4 13 74 vk
29] ekl wiol A 42 HAL 5000 rpmolA 10 &
7H AR de g dedenE Y
¥ (radioimmunoassay)” 2.2 Z&8}]c}.

HAS ool WNA 5= §F - 1359 vpes2R
B FEA)9] "L AJH 3 §F cation-exchange chro-
matography® (Sigma glycated hemoglobin HbA1
kit)¥ o 2 243}t

HYS YA Y S §F - 13579 22 RE
FEA Y] gh2 A3 F 5000 rpmel A 10 £
AR st & oA T4 W& McGowan 59
W] Mg g ¥y (Sigma GPO-Trinder reagent)
& AHE-8t STt

239 glycosidase #H4 M - 1359] vlf2olA
ARAT 27 43 oA A FE AEsta 4
o)A HES e Zo)g M FEsI 4L prox-
imal, middle, distal2 T¥3t] z} H-EEZ glyco-
sidase EANE A=) 2 7, & 7248 5%
A2 7] A3} wg-AlA glycosidased] &4 AL &
Y ol TjAge Bradfordd"o2 &Aso
Y] BlATG dlycosidased] specific actvityE A4t
33t 249 glycosidase HAH Az9 g4 W
2 olgfe] W o2 AN,

SE3 278 g A4S 3 723 95
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28(0.5 M NaCl, 0.5 M KCl, 5 mM EDTA, pH 7.0)
< 7}8}ed polytron homogenizer® o]-§-3tced w3}
3 3 20,000 goll A 30 £7F dARelst 4 AAE
o tiA] #A3t 4F A4S 7hete] AAEESAY. A
o)) A& AAB A& 7H ¥ 3,000 rpm
oA 40 7t AR d& A5 ahdoz
AH8-3ETH

50 mM PIPES buffer(pH 6.8)oll4] Z} &40} 8§23
5 o|3F(maltose, sucrose)E 7|1 A2 st a4 Y
3} A 37°ColA 3087 vHeARATHAE HE
7148 5 30 mM, ¥ F3 200 p)). 298 A9 &
2)® D-glucose® Trinder 02 &A3IAt}.

BAXM2] - =& A¥d 7] FAAZ = SAS B4
program2 AH-3te] Student’s t-test® ZAE3IA
o o] of fojEe p0.1, pc0.05 == p0.012
a4t

dn o n@

AO| M3 U HS

3% P 2o] AL lean, db/db HRF, SY
500, SY 1000, acarboseT®] =02 z}7} 358, 6.94,
5.87, 5.40, 6.27 g1 db 2T leandl & +
w7} Ho| dH o] ko AT e &%
o]EH 02 Hol HJH o] 743} Acarbosed
A] ¢k7re] ZHAE JERAATH

652ke] A& FAF AFe] sk 4Mu lean,
db/db H2F, SY 500, SY 1000, acarboseT 8] <=2
22424 4.1,14.4,12.4,135, 15.1 g 7181 AR &
oZA AFe F77t db AR TRY 7248 AEE
Vet AF F7F FdE AHRE db d2Ee 7
FolA 9 F74x] H 10 g A= FH 3] AFol S5
3 fAEHE A4S Vel v AR R TE AA) 4

A7|17re B AR o2 ZFrlalgchTable 1. A-
carboset Foi &l wlet Ao] dFHFo] FrHEAY
22 ZAE Jehle 5 A85Ed wel ke A
& JER 9hF AF2 o] R BARlC] FaE
YehliE Aoz Ruggou? B Ay AHeE
4o acarbosed] MF-2 db thZTH AJolE B
o] A} ¥t

ErE ST

TEA @92 db izTe A5 AT Azte} 2o
TFAA 95 Alelo] FA% F7 BEE B 9F
ANA 1357744 & ddo] 350~450 mg/dl T+EL2
A€ AL JeRAT A8F AT E Fo 25
A B3 asst ey ARt ekl 39
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Fig. 1—Effects of ethanol soluble fraction of Mori Fol-
ium and acarbose on fasting serum glucose lev-
el in db/db mice. Fasting serum glucose level
was measured by weekly. All data are mean+
SE. Open square, closed circle, closed square,
open circle and open diamond represent lean,
db/db, SY 500, SY 1000, acarbose, respectively.
SY 500 and SY 1000 designate groups ad-
ministered with 500 and 1000 mg/kg of Mori
Folium ethanol soluble fraction, respectively.
*p€0.1, **p<0.05 : significantly different from
the db/db control.

Table 1— Effects of ethanol soluble fraction of Mori Folium and acarbose on fasting body weight in db/db mice

Body weight (g)

Group Tth 8th 9th 10th 11th 12th 13th
Lean 222403  21.5+03 23503 233104  247+03 253402  26.3+0.3
db/db 364103  39.4+04  468+04 46505  474+07  49.4+08  508+1.0
SY 500 355+1.5  385+14  424+13  441+12  454+13  46.0+1.1* 47.9+0.1
SY 1000 353+04  38.1+04" 41.8£04" 439105 456+05°  47.3105"  48.8+0.1"
Acarbose 35.0+05  387+0.6  435+06 452106  47.0+0.6  482+05  501+06

Fasting body weight was measured by weekly. All data are mean+SE.
* p€0.1, ** p€0.05 : significantly different from the db/db control.
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Fig. 2— Effects of ethanol soluble fraction of Mori Fol-
ium and acarbose on non-fasting serum glu-
cose level in db/db mice. Non fasting serum
glucose level was measured by weekly. All
data are mean+SE. Open square, closed circle,
closed square, open circle and open diamond
represent lean, db/db, SY 500, SY 1000, acar-
bose, respectively. SY 500 and SY 1000 desig-
nate groups administered with 500 and 1000
mg/kg of Mori Folium ethanol soluble fraction,
respectively.

*1€0.1, **pC0.05, ***p0.01 : significantly dif-
ferent. from the db/db control.

1359 FEA] 3L lean, db/db dl=F, SY 500,
SY 1000, acarbose?e] 22 95, 354, 230, 199,
227 mg/dIZ2M A8 Fo oA £ oEF o2
s @AJo] Vet a, acarbose®d 7§ 105%H
83738l £97F e A&l o 65(13th)el
£ db =T RY 130 mg/dl A% ¥ X E A
th(Fig. 1).

4] F-5A] @342 lean, db W27 25 A"/ F
Qt Fro ARl Aol g VERA] gton, Alg Foiio
A= 108 AAE(Fig. 2014 AF 8.55) SY 500,
SY 1000, acarbosellA db ti=FET} HH 102,
219, 43 mg/dl, 17 4 A3 F(AF 9.5F) 0= 44
37, 142, 25 mg/dl 743811 o] Aol AE7]71e]
2717 vz fAEHReY A dEE MR
o] &3 ot Ao|= T 27F REl= BAHA &
Ioh(Fig. 2).

¥ AY A3E £43 2 v FEA] e F$ A
58 7oA T w2/ ggo] Yol v FEA| G
& 450l de] A|Tho] AHFst Foll 1F3F el R
3t Aol 7} A o]z3 Ay glycosidase A
HAE vHE FaIH(ZL F)o FANAE F T
o] 27lodle A ggo] AT Fr|HoR B

Table HI— Effects of ethanol soluble fraction of Mori
Folium and acarbose on fasting serum in-
sulin level in db/db mice

Fasting serum insulin level (0U/mi)

(roup T

Lean 179135 26.4+11.1
db/db 87.0+3.1 91.4+12.1
SY 500 148.5+29.0* 150.2+5.0**
SY 1000 230.8+45.8*" 113.5+11.6*
Acarbose 161.6+£37.3* 103.6+12.3

Fasting serum insulin level was measured on the 11th
and 13th week after birth. All data are mean+SE.
*p¢0.1, ** pX0.05 : significantly different from the db/db
control.

H 5 3% Fadhe dAE e dAwY 44
L oplRZE 65 FAEAE W THA L
#AaE 67T B YL Faoke A HE AT
& Ao

olmel &d|

B A NEFAFE 47T 119)9 FEA
YA Fe] Q1Ed FEE AT Ad, db RS
leanoll B]3] 58 A& & Ud&d T8 VRIS
2 SY 500, 10002 db ti=Fo Hl3te] 1.790,
2.64], acarbosew& 1.8v 718 ¢d&dXE e
Uitk AEFAFE 657 (BF 13F) 0= 45 v)3)
leanT 9] Q€W FEE F7I8tL db vhe2e A=
v & gl e (o]d db =T lean
ol vl 3] 3.540), SY 500; 100022 db ®=Fl ¥
8le] 1.6, 1.2¥}, acarboseT2 1.1¥WZ A=A}
(Table II). & A&EFA9F 459 acarbose®qt o}
Y} 4 e 71889 A% &3 vl sl
A& BHE ST 650 AN FS
Foll Faglo] Q1] EHE S/ LS B
4FArt.

Kimura 5 A99A £33 fagomine(l.2-di-
deoxynojirimycin)©l 3 mM EXoA Q& B
£ 44 o4 F/ANATHE Rug & vk Ath? Acar-
bose?] ¢ 23U a-glycosidase B4 JAs}
o A5 @PdsS Ak FEo]7] wWi, o] 4&
< Fo3hd AF o] Aty A lsd Ry}
Z23he 3% 90] g v db/db vh-AE o83
B AYoAE 23]y A&ARHE S/ = A
& HAFY) Acarbose FAF EFX|9} Qe
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AE P AT Fud@Ajelr the A YEl
di Qe & A9 49k 9 FEELDY e
Ao} po2tal Boj},

db/db vk EAXOZ AT 6~TF AF 1
ol A3} FAY AFZIIe} A=
g doA JdedARE S Uehdt. I o|FFEE
A wietA L AEHQ HR 2 ) EF dedA
= A3 st AR 10718 ol28 HE AE
A@Fo Qs FAUNL” B Ao Qd&saNE
4% /\l 71 1158t 1354 db/db w2 3
g AL AE F7retEA dedAe 5K ¥
ojx e AiH oz Qdgdo] H58 Al7loltt. 44 o
S92 7HE Y2 HB A £ &S APNA dedE
Hl5S &S €48 vehiol dn 83 d&edA
€ F7MI71E ERAE AR AR o) 7k
sict, A% B cell line(HIT-T15, RINmS5F) % #73¢ll
A Eeld 25AEE o83t gog Y Jded 7t
£28o] Y WgAEE HEshe 840l JAEAE
TR Aot

gl fMA S
‘%}i‘“" 3zke] 9 ng o] 47zt AESHoEA
A0l 98 A=A o= ez uiSe)x gajut
-o—°] 235 Gy vAqdd FHSo] WA
"ol 44 53 v Eo]F o2 Fauks-g ¥ Hu
2 9% AL = Fid 8 oA B
71zt g -] ARE AMSET G
A% gL dF I eGEO A28 G 8xf
o] et Z wel Zgef of Ju|gle A E2A, T3t
49 £X)71 9% 11% 2 2% Z7Fsha dehy
Z9] 9180] Fu) F713to] Bag vl JYoh® wWaby
FE L) $H = FEX R §9E HAsH= v s

835 w7} Ak
2 Ao AR Fof upA R Gl LE &
e 45} lean, db/db =T, SY 500, SY 1000,
acarboseT®] £2 =2 Z}2} 7.0+£0.2, 11.4£0.9, 10.2
+0.4, 9.1+0.1, 10.8+0.9% % A 2FAFL leanT
Brhe gAY db 2T 3 HlaA] SFEH o 7}
232 B2 HFig. 3). ol AEFATNAN £
& o2 Ydo] 742F AL YXF= AR
A& 02 ggo] 2AHIYSE Mgt BLo] 4
% ell= myoinositole] 4@ EAn R A4 oje
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Lean db/db SY 500 SY 1000 Acarbose

Fig. 3 — Effects of ethanol soluble fraction of Mori Folium
and acarbose on blood glycated hemoglobin level
in db/db mice. At the completion of the ex-
periment (13th week after birth), blood glycated
hemoglobin level was measured. All data are
mean*SE.

*** X0.01 : significantly different from the lean
control. * 0.1 significantly different from the
db/db control.

78R8 R 18T 2830 7 Na®, K™~
ATPase &% % 7h = AAAA Fgg Behs
€ HIET A vAER T EE O
AU APe l ANAZE F AE 7,1__& Z1he

YR 5=

A28 GBS B F e AFdA} ooz
IAYF, 53] nFAARRT) /M 22 HER Y
1228 L I e
g LAY IS 7SS a3 EF
< A =AY =R A (very low density lipop-
rotein, VLDL)S §4de¢] Z7FA} lipoprotein
lipase®] BAZAR QA3 LHFlct A28 FxolA
A 5 2 A (low density lipoprotein, LDL)S 3
AEEE FA3H) VLDLY] 4ol F7isk= 1IbdE
A Fo] dutFo|n olE fRlA EF FE WAt
o} F7he e AR E st g3 23S o
I EAR) L=

£ Ao A8 Fo viAlgdFo] g F
B2 ZASE A3} lean, db/db tiET, SY 500,
SY 1000, acarbose®2] ¢22 Z}z} 81+3.9, 249+
43.4, 203+21.6. 192+19.0, 211.5+12 4 mg/dIZA
leanitoll H]&] db =T 34l o} S7HE KT, SY
100022 db dlZ3of ¥l3) 22.9% foldo 2 A%t
< A3 (Fig. 4).
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Fig. 4— Effects of ethanol soluble fraction of Mori Fol-
ium and acarbose on fasting serum triglyceride
level in db/db mice. At the completion of the
experiment (13th week after birth), fasting
serum triglyceride level was measured. All
data are mean+SE.

** p0.05 : significantly different from the lean
control. * p<0.1 : significantly different from the
db/db control.

AZl glycosidase §H&d

4 EFE o] AAue2dA A a-glyco-
sidase Mgl AS AlFTH AAN P&
F3lod wrEln} gle B 4740 7 ANE A= 3
o & A= A58 657 F71F9F 27 o~
glycosidase E4EA 9 A3l P& 4% FHEZ 4
¥ Bk},

Table [ 1&7} sucrase %“‘3 Bl u gk Azjolct,
db tlZFA lean Bt Al H-8 Z5F sucrase 2
gAdo] ¥R (proximal 28, middle 34§, distal
2.58)), 2+ 227 §4 84¢] A7)+ proximal Y mid-

Table III — Effects of ethanol soluble fraction of Mori
Folium and acarbose on intestinal sucrase
activity in db/db mice

dle ) distal®] &olth. oligt AxE db iz 7
- leandll B3] 2% B3 FrEE TP F Fo
28) o] AQIE ofH|Ete 2 AR ¥F T =IX| 7} F7I8)
2 FHJe] ¥rFo 2 Q) db Tl =gt AW
30| o]FojFE AAIgT} SY 5002 4% prox-
imal, middle B-&dlXE= db thRFRTh A5 ot
SY 1000 A& db th2T3 A9 Bl&3IA L, acar-
bose9] -4 238 S8l Ae] FFHAJ
Distal ¥-4#-9] sucrase &A1& SY 500, SY 10004
2% 51593 acarboseTlAE proximal. mid-

2R3 g 238 #AAsdtt & A8 R
739 Auld o 2 sucrased] ¥4¢] £ proximal, mid-
dle RN E 74 T FXH 1 4] L distal

BRI A48 F71EIAH ¥, acasbosed
2 proximal, middle ¥-&-oA & F7tetn EAdo] &2
distal ¥-2A = Z43uT).

Table IV ZF7F maltase 4L vad o]
t}. db t2Fo] leanT BT} proximal, middle, di-
stal AFE| A 24} AE maltase FAjo] FA=EU
sucrase®h= BHZ 7+ B3¢ 849 I7|= proxi-
mal(nnddle(dlstal——] otk SY 50022 db &
T3 HlZA] A FEdA Zad W SY 100032
proximal, middle F2AE F7Feka distal F2ol
A ke %S YR, Acarbosex®] -5
£ Al B2 AutH o 2 maltase Aol F7HE A=
g, 53] distal FENME db HRFRT} 28) 7170
7kt

IE7}F glycosidase B44-& v Table 1134} IVE

Table IV— Effects of ethanol soluble fraction of Mori
Folium and acarbose on intestinal mal-
tase activity in db/db mice

Groups Sucrase activity Maltase activity
Proximal  Middle Distal CGroups "o imal | Middle Distal
Lean 444 7 251.3 180.7 Lean 7.59 7.59 7.94
db/db 847.0 732.0 452.7 db/db 12.46 13.20 15.92
SY 500 696.3 613.7 4847 SY 500 11.85 11.86 9.61
SY 1000 891.7 718.3 574.0 SY 1000 14.40 17.22 11.87
Acarbose 950.7 847.0 341.0 Acarbose 14.13 16.98 25.41

At the completion of the experiment, animals were
sacrified. Immediately the entire jejunoileum was re-
moved and divided into three segments of equal
length. Intestinal segment of individual mouse in
each group was pooled, homogenated and its sucrase
activity was determined by nmoles of released glu-
cose per mg protein in one minute.

At the completion of the experiment, animals were
sacrified. Immediately the entire jejunoileum was re-
moved and divided into three segments of equal
length. Intestinal segment of individual mouse in
each group was pooled, homogenated and its mal-
tase activity was determined by Mmoles of released
glucose per mg protein in one minute.
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db/db vhe-=dlN A4 deErheE g $dnEy 619

E938 29, db WE=TL lean Tl HI3) &% JFEE
of AX FA8Aol FEHAL. AEFATZY AT
SY 500 M e F 484 (proximalol A distal7hA]
gz)el db izl Hig] Ak & sucrasest
maltase®] 42 db iz SY 5007904 22t &
EAEA o] 2031(F$1= nmoles of glucose produ-
ced/mg protein/min)elX 1,7942, 1283 41,5809]
A 33,3202 8,260°] 743kt o] Avh= A
g 1828 500 mgkg £330l 23 glyco-
sidase 4840l A& o2 A& L1 USE 9w
3tc} 3 SY 100077 acarboseTolME 24+ £49)
Z 40| 23|18 db iz vis] TV A B
o F] ). o] &3lA glycosidasecl et 745 szt
49 d3 nAEo e A4 wde] Wo] Frly A
o] opdr} FZHr}.

#HAl W

2 A7 19989 FEFAepstd A" A |
A7Hef o3 - Ao ofd] FAE =Y.
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