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Hypoglycemic Effects of Pills Made of Mulberry Leaves and
Silkworm Powder in Streptozotocin-Induced Diabetic Rats
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Dept. of Food Science and Nutrition, Catholic University of Daegu, Gyeongbuk 712-702, Korea

Abstract

This study was carried out to examine the effects of pills made of mulberry leaves and silkworm powder
on lowering blood glucose level. Experimental animals were Sprague-Dawley male rat weighing 10010 g
and pills were supplemented with 0.4% (4 g/kg) diet. Experimental groups were assigned to diabetic group
(DM group) and pill supplemented groups. Pill supplemented groups were classified 100% mulberry leaves
(M group), mixing 25% silkworm powder to mulberry leaves (25SM group), mixing 50% silkworm powder
to mulberry leaves (50SM group), mixing 70% silkworm powder to mulberry leaves (75SM group) and 100%
silkworm powder (100S group). Experimental diets and water fed ad libitum, and streptozotocin was injected
to induce diabetic state after 3rd weeks and sacrificed on the 9th day. The contents of 1-deoxynojirimycin
(DN]) were increased with adding the silkworm powder. The contents of GABA and rutin were increased with
adding the mulberry leaves. In vitro, intestinal mucosa a —glucosidase inhibitory activities were significantly
increased in pills which mixed with silkworm powder by 50%. Blood glucose levels were high in groups which
mixed with silkworm powder by 5024 compared to DM group. Intestinal mucosa maltase activity in proximal
part was significantly reduced in pill supplemented group compared to DM group and pill supplemented groups
were no significant difference. Enzyme activity in middle part was no significant difference in experimental
groups. Enzyme activity in distal part was decreased in pill supplemented groups, especially in 50SM, 75SM
and 100S groups were significantly reduced compared to DM group. Sucrase and lactase activities in pill
supplemented groups were significantly reduced at proximal part, and there was no significant difference in
middle and distal parts. In conclusion, pills made of mulberry leaves and silkworm powder increased the a -
glucosidase inhibitory activity in vitro and reduced the blood glucose levels by controlling the disaccharidase
activities of intestinal proximal part in STZ-induced diabetic rat. The synergistic effect was the highest when
mulberry leaves was mixed with silkworm powder by the ratio of 50 : 50.
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methyl salicylate, benzaldehyde % phenylacetaldehyde %
(1D)e] glewl v3kA X E 2 2= rutin, quercetin, iso-
quercetin ¥ kaempferol-3-O-B-D~glucopyranoside 52
flavonoid#7} %o] ¢1=}H(12-14). Flavonoid 7} rutine
2AYT A5 £5388 epdeh 299 7 -ami-
nobutyric acid(GABA) A& ¥} 7#sEd 24 243t
o] §hefo]l HAF o] of 10v] A= Eof =3 BdolE b
sitosterol, campesterol, B-sitosterol glycoside, B~ecdysone
9 inosterone 59 Al 84 AH| o] thgf Exjjsle] EF F
H 28235 4 24 9] #8124 HDL-cholesterol x| ¢ &
7b 2 AHE gaks A8-E vebdg(13-19).

FoAl RS ol el £33t fF BN AFHEE
(M RABEA) 2] FF-oll FAE ] g} ol F2] deoxyno-
jirimycin(DN])& AW 53158 aflste= 849 o -glu-
cosidase®] A& AR JAsle] A F FAI] A5
3 S 2-= Ao R ¢ E% A2 A eH20). whebA] A
3 Iy F4E FA o
2B T35k e njofE
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72 AT 3 wefo g St ojm ®al 100%S
o] &3fo] WE & M I, B FAIIRE 25%, 50%
2 75%9] v &2 E£3sle] & -8 747 255M § 50SM
3 9 755M 3 FolrlF 100% 5 o] 4-5te] wHE 3-8 1008
Fole} skl o, 60°Cell A 442k %C& Azl A dFA
Z 3}e] 3 gEko] 5~8%7F HEE 3 thg Wl Yol
53l A2 AMgs)gic)

=22l 1-deoxynojirimycin(DNJ), 7 ~aminobutyri-
cacid(GABA) ¥ rutin &2t 24

DNJ 3taF 242 Stead and Richards(29)¢) Wl o2 B
Hatdot. &, Al=gk 301 gol FF4 10 mLE 7F3le] 14
7} =9k ultrasonication(Bransonic, USA)&F & 30% Sk

vortexing 3}9&1:} thA] 60°Coll A} 141 7F FqF 23 5 12,000
rpmell A 158 ZF LAl 2] ske] A5 o-& =okeh 919 v
< 23 HhE 3k foial A NS FHTE 100 mLrt

HE% 3Astedtt 1.5 mL eppendorf tubee| & 3% 10
pL, 0.4 M borate buffer(pH 8.5) 10 pL ¥ 5 mM FMOC-
Cl(in CH3CN) 20 L& 718 %, 20°C water circulatorel]
A 20% 7k WHEAIR F 20°CR 21" 0.1 M glycine 10
ULE A 7)slej ubg-g EF AT wbgdd 0.1% acetic
acid 950 ULE A 7}13 & 0.2 uM syringe filter(Nalgene,
nylon filter)ol} 3471 & v]g) 24°CE -3 8} 3 ¢]= HPLC
(high performance liquid chromatography)el] autosampler
£ o] &3to] 10Ul Fol3te] B3t RE4 YL 2T
F5mgs et FH5 L mLel &3l A1A A3t HPLC
(Spectra System HPLC ThermoQuest, USA)2] B4 =712
g5} 2o} AF83F 298 phenomenex Luna Cis column
(4.6%250 mm), A 25+ 30°C, 52 1 ml/min, 334
27]= 7194 254 nm % WA 322 nmE AHS-stgd Tk
2] o] BAFS B 0.19% AcOH : CHCN(S0 : 50 v/v)& AL
43} isocratic elutionA] i},

GABA¥E Bang 5(30)2] Wbl o2 A 3tch Az &
1 gl 4% sulfosalicylic acid %—Q‘% 20 mLE A 7}3}¢] 30°Cel)
A 1247 F9F 289 &3 223 A B S L°CoA
60+% F-oF vhx]3 & 441 F2](12,000 rpm, 5°C, 15 min) 3}
WAl g AR A F e o 7)A dE AFEdw ko] Uriprep
(contain lithium ion)& &Ejsle] Al 2ol|A 587 v} &
A= e il Ad-S YAE2 (13,000 rpm, 4°C, 5 min)3}he]
A A st ok A4 Fe]shed o1& AHG H-g- syringe filter (0.45
M) 2 o #3s}e] olw| x3¥ x}EH-A7](Pharmacia Biotech
Co., Biochrom 20, Sweden)& A}-4-3to] GABA #3-& =4
gt 71718 2A2 2 2492 Li-formE, retention
time=- 110 min, loading volume 40 pL, f£-2 0.3 mL/
min, UV/Vis detectort= 570 nmE 28] 3 o] A S 2= 10
mM sodium phosphate(pH 2.5)2} 20 mM sodium phosphate
(pH 75)% AH-8-3kdch

Rutin® Yun¥ Lee(31)¢} wll o2 259} A =35
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%% 100 mesh ©]3t2 =g F 1 goll 80% & A TS
100 mLE- 7}3}e] AF-oA] magnetic stirrer® 1247} Z<k
23] vbE FZ3}o] o %} (Whatman No.2)S £33} ro-
tary vacuum evaporator(N-N series, Eyela, Japan)Z &%
stod WErg 2255 Ao A 20% FSA3 A EE 10
mLZ gg3sle] 19 WA = 2 mLE -’?‘*}_3}"’:] CH3Clz 50 mL
£ 7}8led B3 3le] &1 2 @431 vhA] n-BuOH 50 mL
£ 7}3le] 23] ubE3te] EF 3} 7] °ﬂ/‘4 dolAl 4%
o2 NaSO0s9} EF3 88 #AAY F 55351 80%

24 vk 4 mLel 433 % 045 um membrane filter
(Gelman, USA)Z o735k t}& HPLC(Spectra System
HPLC ThermoQuest Co.)& A}-&38ke] F4 sty A3k 7
& Cis column(3.9 X 300 mm), %42 0.8 mL/min, detec-
tions 350 nm Z8]F o] FEAC R+ 25% AcOH:MeOH:
CHACN(70:10:20, v/v/v)& AH-&3}gith,

eH4st Eobel 58 &

Huto 2 Rl a-glucosidase 492} —‘.’—ﬂ |
-2 AS 200 g W99 Sprague-Dawley & <712 A
4321, Rhinehart 5(32)8] ¥PH 22 1247k 7“;_‘/5} Al 71
% 712 ether ot 3lollA] 2R Z Arlste] 2348 A&
&AL fel g fjelA g Fomoteh ol SHH ao“(w/v)
2] 05 M NaCl, 05 M KCl, 5 mM EDTA(pH 7.0) #N4&
7}8te] Potter-Elvehjem homogenizer(Wheaton Co., USA)
2 587 #4335 3 14,000 rpmell A 30E 7F A #e2ls)
qAth o] AL 3 HkE-lo] & 7§JX4 of 58] 2] 0.9% NaCl
£o4-& 7}3ted 7,000 rpmel] A 30 7F AAE 2] sl AFE
& o] -80°Cell A Hatatoirtr} Sé 3743t g 3=
U Ao Abg-shgch
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a-Glucosidase 8MH =1}

@ -Glucosidase A4 AEE= Kim(33)e wHoz
1.4 mU/mL a -glucosidase®t A2 & sample pH 5.0, 37°C
o 4] 1057} preincubationdt 3, 712 <l 6 mM p-nitrophenyl-
a -D-glucopyranoside& 7}3ted 37°Cell A 30% 7F WH-&-A]
7 100°Cell A 3% 2 #<2 % 0.4 M glycine buffer(pH 10.4)
& 7)sle] Al Eeiste] AAE RS 400 nmollA] FHEE S
Astgdcl. A 2+ dimethyl sulfoxide (DMSQO)el| o A&
gl o] olwl DMSO2] X+ ¢ -glucosidase?] | 3] &4
of d&g F+A 9= F=Q 10 ul/mL2 st} dE2T
HA 100°Coll A 3—‘5’— 7} 714 &k @ -glucosidaseo] 71A& 7}
dlod 517 Ao 2 sfglem, A Ao NE Fel™
a—gluc051daset WA 7 302 ¥ FHEIF 1.0 xS}
F %2 50 mM sodium acetate buffer(pH 5.0)2 & 4] 3}
ARSERI ), A48 AAAEE ¥hEA 7 Eqle] TR
o] WsE da2T F3 dsiele) v E25E AAkekddh
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A17171 18] Aduk AR @)L A s )R A5
ZF Sju] AF&-8 ¥ 3 ¥ (randomized complete block de-
sign)ell 98] oo A Fo2 vEinh A)e] kg Wl
04%4 g)8 == Az FHo =t AxFE FF
3R] 2 3t 2 F(DM group), 29 100% 2 Az
FF (M group), BY ol Yl 7172 2H2t 25%, 50% = 75%
E3sle] A)F3 I/ FFT(255M group, 50SM group and
755M group) ¥ Fol71F 100% %2 A 2§ 3 F37-(100
S group) 22 Wik A FH = 7 2§ 2 100 = 5k
o, & 45 7t ALSslgit) 712 A3 2ol Table 134
zZrh Alo) = 4°Coll A Bzt on wjd AR A zbel| FF
sty zpfrEe] AFA3HA skt

Fol g F

e &N Fx I FAEAY mels wEr] )
A streptozotocin(STZ)-& 50 mg/kg body weightE 28] A

o ot

Mg E3led Fabste] B E A F 99 dhell 344
A d}aFo] 300 mg/dLo] Al TEW A 2884l
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&AL enzymatic kit AM 102K (o}4HA <F, ) S
A}-8-3}o] enzymatic methodell 2} 8] 500 nmell A v] A A=

2% Mato| olEhE SdlEa 2M £3
ZArA 2t 29} maltase, sucrase 2 lactase, 84S Dahl-
qist(34)8] W o2 st WA A g 24e] AojA A

RBG A AFE F 22 Aol 2 Al T-83}l] proximal, middle
% distal2 T3k WA A Al Az A7sA A
o] cheese cloth® &g A A3t Wzt oA micro-
scopic glassE ©] &3t g FolA FAE 2 4u 2]
Z24.2 Yol homogenizer® FAZAA 24 A 88 A}
43kt 84 F3 L FA A7) A& 01 mLe} 71L&
(0.056 M disaccharide solution/ 0.1 M sodium malate buffer
(pH 6.0)) 0.1 mLE Alg & ¥ & EFsiA| 37°C &
ZFollAl 60% 7k HES-A1A] thg SF5 0.8 mLE #H7Fsle
24 7 #] Wb&-& FAAFHTE o7]o)4] 0.5 mLE AY 3
o #3}e] glucose oxidase €9 3 mLE 713 F 37°C 8-
Foll A 1A 7 ¥b-&-A1 7] o5 420 nmell A FFEE 243
st

CHEHE XMt

7k A go| A gE Lowry 5(35)9] whg o2 3¢l o

©, bovine serum albumind L FF o g A&3lgdch
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Table 1. Composition of diets in experiment groups (g/kg diet)
1
. Groups DM M 255M 50SM 755M 100S
Ingredients
Corn starch? 698 694 694 694 694 694
Casein™ 150 150 150 150 150 150
DL-methionine” 2 2 2 2 2 2
Comn oil® 50 50 50 50 50 50
Salt mixture® 40 40 40 40 40 40
Vitamin mixture’ 10 10 10 10 10 10
Cellulose® 50 50 50 50 50 50
Pills”
Mulberry leaves - 4 3 2 1 -
Silkworm powder - - 1 2 3 4
Total 1000 1000 1000 1000 1000 1000

DM Injection of STZ+ without any supplement of production pill.

M: Injection of STZ+4 g mulberry leaves (100%).

25SM: Injection of STZ+3 g mulberry leaves (75%) and 1 g silkworm powder (25%).
50SM: Injection of STZ+2 g mulberry leaves (50%) and 2 g silkworm powder (509).
75SM: Injection of STZ+1 g mulberry leaves (25%) and 3 g silkworm powder (75%).

100S: Injection of STZ+4 g silkworm powder (100%).

The diet of experiment groups were supplemented with 0.4% (4 g/kg) the mixtures.

2)Pung jin Chem. Co., Seoul, Korea.

3L actic Casein, 30 mesh, New Zealand Dairy Board, Welligton, N.Z.

4)Sigrna Chem. Co., St. Louis, Missouri, USA.
5)Dong Bang Oil Co., Seoul, Korea.

9 AIN-76 (g/kg mixture): Calcium phosphate, dibasic (CaHPQs - 2Hz0) 500, Sodium chloride (NaCl) 74, Potassium citrateminohydrate
(K3CsHs07 - H,0) 220, Potassium sulfate (KzSO4) 52, Magnesium oxide (MgQ) 24, Manganious carbonate (45~48% Mn) 3.5, Ferric
citrate (16~17% Fe) 6, Zinc carbonate (70% ZnO) 1.6, Cuppric carbonate (53~55% Cu) 0.3, Potassium iodate (KIO3) 0.01, Sodium
selenite (NapSeOs +5Hz0) 0.01, Chromium potassium sulfate [CrK (SOq)z - 12H20] 0.55, filled up to 1,000 with sucrose.

PALN-76 (mg/kg mixture): Thiamin-HCl 600, Riboflavin 600, Pyrydoxine - HCl 700, Nicotinic acid (nicotinamide in equivalent)
3,000, D-calcium pantothenate 1,600, Folic acid 200, D-biotin 20, Cyanocobalamin (Vitamin Biz) 1, Retiny] palmitate or acetate
(Vitamin A) as stabilized powder to provide 400,000 IU Vitamin A activity or 120,000 retinol equivalent, DL- @ —tocopheryl acetate
5,000 IU, Cholecalciferol (100,000 IU, may be in powder form) 2.5, Menaquinone (Vitamin K, Menadione) 5, filled up to 1,000 with

sucrose.

8)Sigma Chem. Co. CMC (sodium carboxyl methyl cellulose, non-nutritivefiber), St. Louis, Missouri, USA.

9)Mulberry leaves: YK-209 mulberry leaves powder.
Silkkworm powder: Silkworm fed YK-209 mulberry leaves.

£243z]

BE ARAT B EA %
SEPEVERECMIEE
A4 (ANOVA 212)2 5} §-)
HSD testell o3 # 28] 9|8 #4154

fr

Hz2to| JlsM HE2l 1-deoxynojirimycin(DNJ), »-
aminobutyric acid(GABA) ¥ rutin &2t 24

Az 7154 A8 S 248 H = Table 29}
zZc} ¥gd7kst AE< DNJ9] 45 M 3, 255M &, 50SM
& 755M 2 2 100S FellA] 100 g B A 68L7.67 mg,
05+ 13.64 mg, 118+10.19 mg, 143+9.25 mg ¥ 163+12.15
mg o2 Fol7l55 EFT 22 H ko] Ut ol &
ol v} ol 71l DNJ7F o el gsle] 97 &2
2 EBEg(11-13).
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Table 2. Functional ingredient contents of pills made of
mulberry leaves and silkworm powder on 1-deoxynojirimycin
(DNJ), 7 -aminobutyric acid (GABA) and rutin

(mg/100 g dry weight)

Groups DN]J GABA Rutin

M 68+767"2 131914 11+0.41°
25SM 95+13.64™  109£10.21°  10+0.62%
50SM 118+10.19° 87+11.09° 9:+0.39°
755M 143+9.25° 6419.01° 8+0.54°
100S 168+12.15° 42+10.08° 7+0.48°

Experimental conditions are same as Table 1.

YAll values are mean+SE (n=10).

DV alues within a column with different superscripts are sig-
nificantly different at p<0.05 by Tukey's test.
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2% 93 gstE Ao odeA 9)=(33) GABA
3 255M 2 50SM &, 75SM & ¥ 100 S #ellA] 100 g 7
77} 1311£9.14 mg, 109+ 10.21 mg, 87+11.09 mg, 6419.01
mg ¥ 42+10.08 mg o & Al 23 F2] W] v]go} Foind
o wpe} gfaFel S7FE A
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Flavonoid®] dZF o2 wAd 7rslats o $33k4
A AT X8 g ¥ A EA 5o F44Foin] WAt
A A g9 Fabe-g Fol= 9GS 3= rutin® M 3, 255M
& 50SM &}, 75SM 2 2 100S Eell 4] 100 g 2 2 11 £0.41
mg, 10£0.62 mg, 910.39 mg, 8054 mg 2 7+0.48 mg#
=] GABAS} 22 3 vebliglt o2 ARE
2 ®yo] o 7} R} rutine] el FFEe 97| wiE
o] th(36).

A FA3 A= Fig. 19} 2th M #, 255M #, 50SM #,
75SM 3 2 100S el A 22t 34.096, 33.4%, 37.2%, 37.5%
2 36.1% 2 B o] ol 78 TR EH @ -glucosidase
g9 Az 3} FrrE R, 53 o7 FF 509% o)
A £33 38 2 A=A o2 Fobskadch ol d
A= 2ol 7157} @ —glucosidase@ A A &) 237} =& DNJ
o) 7] Wl ol(Table 2) F F-3) E A9 2H8-& oA 5]
23] F4E A QAo ZN A F FAZ A ate-S WA 5
+ 297 sivkeE 23(21-23)9 YA g}

_Y:i_‘

HoeE

q3 T2 38 A1 v]ag A= Fig. 29 2
o} A28 B FF T2 DMT(582.29%56.74 mg/dL)el H]
sled A 28 FF T2 Mi(452.41 34,10 mg/dL), 25SM -
(432.92 £ 47.26 mg/dL), 50SM(382.37+30.16 mg/dL), 75
SM7-(357.42+32.13 mg/dL.) ¥ 100ST(370.33£36.55 mg/
dL)el A Zk2k DMT-oll Bl 8hed 22%, 26%, 34%, 39% % 36%
H fold o drpeko] hAaE 9l 0w, B3] Fol| /& 50%
oA} &3t FEoIM ¥l A} o8 AR
01213 A= Lee(37)9] AFollA STZF] ¥ vhe-~

off 00

50 r

40 |

30

20 |

a-Glucosidase
inhibitory activity (%)

10

M 255M 50SM 755M 1008

Pilis

Fig. 1. Effects of pills made of mulberry leaves and silkworm
powder on rat intestinal mucosa @ -glucosidase inhibitory
activity in vitro.

All values are mean £SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey’s test. Experimental
conditions are same as Table 1.
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Groups

Fig. 2. Effects of pills made of mulberry leaves and silk-
worm powder on blood glucose level in streptozotocin-
induced diabetic rats.

All values are mean*SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey’s test. Experimental
conditions are same as Table 1.

ANA A FEEEo] T8 Ad B 2T vt ¢F
Fol g} oetgSE TP ¥kt At ke
Ao} w53k B3RS Bt o) ¥t A4S B9
oji} ol 7}F 2] DNJ A o] A& FRoll= FFE F
A} 9romA] ¢ -glucosidase, @ -mannosidase % B-galacto-
sidased] A4-2 A= £} glciE Chung (2009
2o 714lshe Ao Brl

2F Mol o|ehyF SeiERS E4o

AAS EU %A proximal, middle ¥ distal®] AlHF-E2
21 }4e] 22 A 9] maltase, sucrase 2 lactase 59 di-
saccharidase®] 2A1-%- &2 23} maltase®] -9 prox-
imal F#el4 Al2g v]FFTd DMTl vl ete] A%
FFTel MF, 25SME, 50SMT, 75SMT 2 100S7-l 4]
Z+zt 87%, 12.7%, 13.7%, 16.3% 2 21.5%4 zFA= ).
Middle ¥ AT 7t FA A Aozt g1l et Distal
FEo e DMTl Bl3le] Azg FFTolA o Za
Hglon, B3] 505MT, 75SMT- 2 100STol A fold e
2 73439 cHFig. 3A). Sucrase?] 7-$- proximal %5 4]
DMl vl 3l A28 FFT oA Fd oz iz
o, middle 2 distalell A= A3 7= kel F2]A <l 2ol7} ¢
91t} (Fig. 3B). Lactase®] A%+ proximal ¥-&°l|2 DM
ol vlEted Ax2F FFFA FoRoE FAE G o,
middle ¥ distalell A& A g T el F-2]- < 2ol 7t A
}(Fig. 3C).

Z R 2 F a8 0] & w42 v s £ 3} malt-
ased] 7§ DM~ distal > proximal > middle o132
W, A3 FF T4 £ distal > middle > proximal .2
2 =9k} Sucrase?d] A 99+ DML proximal > distal
> middle o], A x% FF 4]+ distal > middle
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Fig. 3. Effects of pills made of mulberry leaves and silk-
worm powder on intestinal mucosa maltase (A), sucrase (B)
and lactase (C) activities in streptozotocin-induced diabetic
rats.

All values are mean *SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey’s test. Experimental con-
ditions are same as Table 1.

> proximal 22 E9lt}. Lactase®] 7-$-¢& DMT2
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ek 2 A 2ol FArbEE LT B T A el
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