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Hypoglycemic Effect of Mulberry Leaves with Anaerobic
Treatment in Alloxan-induced Diabetic Mice
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Abstract - The hypoglycemic effect of mulberry leaves using alloxan-induced di-
abetic mice was investigated. The hypoglycemic effect of mulberry leaves was sig-
nificantly affected with anaerobic incubation up to for 6 hrs. The body weight of
mice treated with 20% anaerobic conditioned mulberry leaves was higher than
that in the control group. Mulberry leaves which were treated with anaerobic con-
dition significantly decreased blood glucose level in alloxan-induced type [ dia-
betes mice. Furthermore, glucose tolerance was significantly recovered by feeding
mulberry leaves anaerobically treated. Pathological analysis revealed that the dis-
appearance of insulin-secreting beta—cells in the islets of Langerhans from the al-
loxan induced diabetic mice was strongly inhibited in the mulberry leaves feeding
group. The content of 1-deoxynojirimycin increased up to 5% in detached mul-
berry leaves incubated under nitrogen gas for 6 hrs. Nevertheless, it is not clear
whether the synthesis of 1-deoxynojirimycin is increased or the degradation of it
is decreased. Overall, results obtained from this study indicate that the hypo-
glycemic effect was increased by the mulberry leaves with anaerobic treatment.

Key words—Mori folium: mulberry: blood glucose: 1-deoxynojirimycin: hy-
perglycemia.
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Azt FBF S FLA7N7] ol 1 Aol o
3 Bao) n2d 3 Y. I AaAE 243
A ALsla 239 Axd G 5L da, L
AIZE Wl 1 Z37} AdEe] EYad G
do7|A] gotot 3t3, Bl FutEE thAl o]
4 5o FBSE w8 Y F glojof @} oyt &
A AHEER Qe FEL o)H 3 HelA ¢Ax] &
st A A8 B ABAE AMHI e
°fA 5 acarbosezte FEL, TFFIF A3l
7t EH AE ¥RE ASANE o
glucohydrolase 84& Ao zn & 7
EA7IE Aoz gEA oy, olgd AEF &
AE do7| 3 FBg T3 2L &80 Qlvhe
HolA g FEE BIdE 2&3 Ho] gr}?
wEA I - QF o2 FF d2 Y FaES
23] AR olE A el A& Eol7] 4
M=, I ZHIEA 138o] gl ATE
HF7retAl ol tigt A77F e g Aol
Hikino & ¥-%(Morus bombysis)$] %

ZA4dQ s zHe W E2Q Moran A#le
373t BAL ojv] B - Baaudt.? w3
Asano T& BUF25E A4%4 9dF E4AS
Eel3le] |59 glucosidase?] B4 YAE A4
g u} k! 98 FuelME wde st &
|3 1 AR dg A7t @3] o] TR 3
I olE AR 3 oln] 7|54 AE= s Ha
Je Aot £F AN AHBHER
& 574217171 $18t] Streeter 52 FU& F71A
ggo 2N F&F9 yaminobutyric acid®} al-
anine $°] $¥¥& 21§ v Yt? B Ax:
ol& F1E o] BUS FriMEFozn Be
gd37tel a3t 2718 & AL alloxan 54 1
g3 TEHE S B3l & U3, IS A
#o2 483 1-deoxynojirimycin® ¥= Z7}
S gelaslr) o Bashe ulojtt,

HE W

AE - EFATE FERE ZTEXN AS
9 WAL (Morus alba)el MEEES BIS
1996 5495 7] AR E2XRE 5~10 cm ZHo|9
A A& AFH A
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HI|Ma| BARE -2l FUIAE AHT
ZA S A2dA AA stavt F3HA e
d718 el e &7] <t AAA R 30 kg
F71E 9 2001 FYte] 6AI1ZL o]} ATt
S48 F7EHE FRB] fstkd /17 A2
2 AA7tAE B3 Ui E 248 uig
o] & a3 FAtFAo] ATkE FioA 2443k
AZANAT. YA EEZREH dojxle AxFEL
20% A AZRE YUL & FHA7 & o] &3 £
A& 100 meshA 7t 7244 AR @71E o] &3}
o 100 mesh ©]&}2] A7 7P GRS Ao
o]-§-3k3itt.

LAFEENX - PrIA T A28 2.5kgel
119] B& 7}8led 55ColA 2413t dBF22 23]
FPsianh. FE2AS A=(150~200 mesh) ¢+ &
FA(FAE7] 200~500 pm)E o] &3k doiR
AqdE AFEEFT F WA (EF2E 10~
-78.5C, ABL&E 40~55C, A3¥E 5~10
UHE)E ol &3t 6A1Z Bt Wzt UE
Az 21L& YEL2E -70C, AlE2E 40T, FF
48 5 uHgatel A Aldatgct. diz8 ¥dL 7
AeetA] & Ao 9o FUT Pz HASt
Art.

Ale} & 217]-Glucose, alloxan 52 Sigma
AlZRE 18193, acarbosexs wio|d=E] o}
AFE AHRSIA I, K71 8vle A BEF 2 dFA
k& AHESIATE Aol AHER 717 B EEI
(NE-1, EYELA, Japan), autoanalyzer(Photo-
meter 5010, S4AD) 5& A& £ 1%
Az Z2rtEI#Y (HPLC)E Waters 510 HPLC
pump, Waters 410 differential refractometer
A%7], 18]3 Waters 746 integrater® 23}
o] AMgEH T 1-Deoxynojirimycin®] EFEFS
A& FNG R AsanonFEZEEH AFLEL
AE £%F(99.8%°1°3) & AH&3t ).

1-Deoxynojirimycin EEHEM —-®iohjjo] dF
&3 89 1-deoxynojirimycing 3 #3t7] 93}
o Az%9) 50 g8 200 mle} B s}kl 55T
A 22X ERFES 28] ST FEAS A
oA HAF TS 53] MeOHE #-2 ¥ 484
ZF BAZ O celited] FFEA & AE Hot
o 60TCelA ¢t Azttt AEE 100 mg/ml
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o) F=2 9E A3 0.45 pum filter® ©) &
ste] o 73 = HPLCA 10 pl¥ F43stth. &
442 BFF bmgs sl S/ 1 mlol| &3
AlA AHgetEth HPLCO #4248 o3} 2},
AH8-%+ Z 2 Carbohydrate analysis column
(3.9%300 mm, Waters Co. Ltd., 37523)& o] ¢
3t aL, o] 54e] £niu]&-2 CHCNZ H,02 800:
200% E£3sto] AHSslE 2 &2 1.0 ml/ming
&£ 2 39

AESE-ICRA $4AFE LI EEAH
2HE U3l 2% 23+1TC, ¥% 60+5%2 F
AH e FEANSHAA ARe) B8 FES] FF3t
A 157U A8 SN A A7l
o] &g 9 AFL 28+3 g W] AL 0] &3
At
S0 IgE R -3 10 172
1524Q 28 FE F=dr] Asta BAFHQ) m
@Ml alloxan 80 mg/kg? < FAI3IAT}. 48
A|Zt F¢] One touch blood glucose meter
(Johson & Johson Co., USA)E Al&-5le] &3
o] 250 mg/100 mle]d?l AvhE n¥ o] g
Aoz hFdte] AP AT
AlEQ £0i-AATFAE 149 B v 742+
FE Na7t FHE EFAEE Y Hole vy
< ATt & It AXBGFRF) o E7)A
o3 Bl R BURTE A7 20%, vt
B9l ot Z(Acarbose) & 2%9] B &R AR E
A Z38te] 20| A1 F ).

HE ¥ AlRE SH -4V F AL vid
A 104l FEH R S5 AlRAH FE
e At S S te] AbEs et

Y2 EF - g 1487 FEFEH S A
7 nEFNoziE L Ao IETFEF
one touch blood glucose meter(Johnson &
Johnson Co)& AHg-3te] &3 819t

UF QSBIE EH - v T hebg Wo A
de AL 5000 rpmollA 1583 A4 825t
B HPozRH <

na

_&mz
N

©

NedFred AATEHA WY

AHgste] 24siget.”
Wets &3 - 49 1295 1447 247 o8
glucosed T/ 0.5% §do2 59 & 2g/
kgd T2 A¥EE B FA3ld A,
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Fo] F 3087 1208 Fo 247 s AFH sl
gFE S

olgtmol CHst EE2AS JHi-olFFIU

maltose, sucrosed] T3k ol 715l aHE
A7) A, 1473 xg/d/\]a] A3 A mal-
tose(2 g/kg) ot B FEE 250 mg/kg, sucrose

(2 g/kg) et B 25 250 mg/kg= A BT
Foaied o X E VeI 35% T =
2 3A

AN -G AFE RS AFE AE
sttt AFRAE HARE 8] A8t 10% form-
aline] 23 A7} jl%}ﬂ #HAE& 2~3 um FAZ
A H sl S 4H2 Gomori's aldehyde-
fuchsin %’—‘Em% 33‘3Hi‘3}.8)

AMNENM - A A0 e T EEHEAR A
Ak ol AP L FAZEIRY SAST
ANOVA test® ©]&3t1aL, Pte] 0.05¢]138121 A
e frelgdol e Ao R ARSIt

40| 2kat Rllsoll Ojkl= H&-A4 ICRA
AA AZ F7HEe 42403 gold L, 1€ A8
AFAFEE 3.310.4 golitt. Alloxanf e 18FT
o] AFslere 214028 19 ALBAHHFL 35
+0.3 g2 2 ALEAF el Hlste] A5 F7hEo] A
A}, FHE WU TRAT} A Fof VR = dFL FA
3 A P U 597 2% oOFIEAFATLS
HFol 2.81£0.5¢g, FAg FAFATLE 2.820.2
g, 20% ¥7|3e BUYFTL 34+0.4¢g = Al
Zo] Z7HEAY. B 1Y ASAHTE o dx
Sal el 9 olFhHz Ralite] A$E 37+0.1g,
X7 RIEAPE 264028 20% V1A %
UFATL 3.5+0.6 golArt. T4z BAdFAT
H)3le] Pr1xe WA RATY] AS AT FAT
3} A9l 2L ez FHEY e, ol ofrtE 19
AtEAF o] Bok7] Wz e (Table D).

HEETE =0 0Kl YE-2drtee &
3 EFAIEE 13U Fota 1AL 5%t F
EAHE AN F 144950 89E S
22 W9 A2l 7325 mg/100 mIoIR T,
alloxan 8] 93 Bfdat& A7t 275+

H
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Table L. Effects of Mori folium on body weight gain and food intake of alloxan-induced diabetic mice

Group Body weight gain(g) Food intake(g)
Normal 4.2+0.3 (100) 3.3£0.4 (100)
Alloxan-induced hyperglycemia 21+£02 ( O 35103 ( 0)
2% Acarbose 2.8+0.5 ( 33) 3.7+£0.1 (112)
20% Non-treated mulberry leaves 2.8+0.2 ( 33) 2.6+£0.2 (79

20% Anaerobic-treated mulberry 34104 ( 62)* 3.5+£0.6 (106)

The data represents the mean+S.D. of 10 mice. PX0.05*: Significantly different from normal control
group. Parenthesis are percentage of recovery values.

Table II. Effects of Mori folium on fasting serum
glucose level of alloxan-induced diabetic mice

Table IIL. Effects of Mori folium on fasting serum
insulin level of alloxan-induced diabetic mice

Blood glucose

Group (mg/100 ml)
Normal 73+ 5 (100
Alloxan-induced hyperglycemia 275+10 ( 0)

2% Acarbose

20% Non-treated mulberry
leaves

20% Anaerobic-treated mulberry
leaves

153+ 4 ( 60)*
257+22 ( 10)

107+ 4 ( 83)**

Fasting serum

Group insulin level
(WU/ml)
Normal 53.5+4.2(100)
Alloxan-induced hyperglycemia  15.3+1.9(C 0)
Acarbose 34.8+3.5( 51)*

23.4+1.0( 21)
25.6+2.1( 27)

20% Non-treated mulberry leaves
20% Anaerobic treated mulberry
leaves

The data represents the mean+S8.D. of 10 mice.
P<0.5%, PX0.01**. Significantly different from the
normal control group. Parenthesis are per-
centage of recovery values.

10 mg/100 miAA #9148 JA F7131HTh. ol
& FafLd 2% oPtEZ=E A dITe
YA 71 15314 mg/100 mlZ2 7H4sle] Fafit
79 T Hgte] X7t 60% HASIAT).
UurEY S 20% FRIEE A2 EFAEE o
Ql AL A7} 253122 mg/100 mle & 7H4E
910‘4 Fo4e At au 2e EFe ¥y
< FrIAEE 20% FRAES ARG EFAE
£ 99 A¢ FA7 107£4 mg/100 mle.2 7
Adte] Y fubrd] vlsled 83% ZHAdted 0.01%
FEAA froldE YeblitH(Table 1. o€ %Y
< 71X oz ALTH ARl F7HEAY
Bt Aslg o= 97438 At F4HE A
o8 #2285 dAx.”
E30lsglEol Xl F&k-
o] FEA AF Aede=E A 2, o}
FIEZ M £ 51%, gt —4 ASE 21% 1
g F7IHe B Aee 27% S7IEA
olgdt Ante BUF AT AEQ 1,2-di-
deoxynojirimycine] & E1]3-& Z7A|71tt

= 2Pl A3 3, X estE 4L g6

"] 579 ¥ 14¢

Fasting serum insulin level was measured on
the 14th day after treatment. The data repre-
sents the mean+S.D. of 10 mice. PX0.05*; Signi-
ficantly different from the normal control group.
Parenthesis are percentage of recovery values.

Bold Hl3le] JI&d ¥HIE 6% S7HIHE &Y
& v v«l"é‘—: A (Table IID).
LEsoll OIXle Ye-ugs A8 A3 W
Heg B3] AT AP R BFE F3AZ
ZBAIARL Aol wE EFE SN ¥
< B2 AEATE WRes B ¥
oltt, m¥Fo] F=E AF N 124 e F
04 Zo s AEA 1443 Bt AAAHT
Atk 2 g/kg =9 glucosed H7U FASH
04 A 3 3083 1208 Z?Z} 7] oA A
gt ¥ SRt FR3 AES A
£ 2%, dr1A4e 2 2042131—3—8- 120% ¥
A BAFEoR Fdo] AU HTable IV).
OlghRoll CHEH EE2Ast &3 -]FHYU mal-
tose, sucrose®] gk #3919 a-glucosidasedl
Wt Al 84S Gotiy] sk, 1443 < 2
A B AR 7 ol RS} B EFEES
Al ATFEAE T, An¥gE JYehle 358
Zo L 243} a-glucosidaseo] g =]
g WHAcR ZARIAY. Maltose FAT

n:EE ofl o e
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Table IV. Effects of Mori folium on blood glucose from an oral load of glucose in alloxan-induced diabetic

mice

Blood glucose Blood glucose Blood glucose
Group before an oral after 30 min after 120 min

load of from an oral load from an oral load

glucose(2g/kg)  of glucose(2 g/kg) of glucose(2 g/kg)
Normal 52+ 4 187+ 5 62+ 2(100)
Alloxan-induced hyperglycemia 28712 220+ 8 394+£19( 0)
Acarbose 230+ 9 476125 299+-15( 29)
20% Non-treated mulberry leaves 154+ 5 252118 133z 3( 79)**
20% Unaerobic-treated mulberry leaves 108+ 3 420+32 76+ 2( 96

The data represents the mean+S.D. of 10 mice. P<0.01™*, P{0.001***: Significantly different from the
normal control group. Parenthesis are percentage of recovery values.

Table V. Effects of water extract of Mori folium on blood glucose from an oral load of maltose(2 g/kg) and

sucrose(2 g/kg) in mice

Serum glucose (mg/100 ml)

Group

after maltose load after sucrose load
Normal 62+5(100)
Control 185+3( 0) 141+3( 0)
Acarbose 83+5(83)*" T2+2(87)***
20% Non-treated mulberry leaves 1324(43) 88-6(61)*
20% Anaerobic treated mulberry 120+3(52)* 78+2(79)**

35% & ¥ 185+3 mg/100 mI7HA A58tsd
3, ot R = T2 4 F Wlmsted 21+5 mg/
100 mIvHE s3tdnh. dut 72X 2S5
A2 70+4 mg/100 ml, €713z B Fo
£ 58+3 mg/100 mIttEe] ¥R F71skth
(Table V).

Sucrose o 35% %9 ¥ 141+3mg/
100 mleIA 3L, o7t 2 A& Aol HleiA
10+2 mg/100 mI¥+E Z71stanh. FX28d F
T2 26+6 mg/100 ml, 1A BAFAT 16
+2mg/100 miot & 2 g S HYgoer
M o-glucosidase Ao g BUFSE2] 4|
A7 YA S @ 5 AU Table V).

27 o-glucosidase®el 23t grEtge] &
e Ul 2FARAA 2&3A o] FAA]A 5o
2% dx9 F4% 45S =3t FAAe

Ao 2A3lE sucrase? S a-glucosidase

et

R3S AL 2N F4 e S
EAE YeERle ZeR AZ4En. o83 A
B EEZTo Adds A Gl AHH
Az, ABEE L FEEA e dFH=
&9 &4 o-glucosidase Al 71 &=
Pop dxm gk EF usizrd W
Moranoline®| sucrase®t maltasel g [Csr
107 Me] 3L, sucrose, maltose ¥ starch® -3}
b 879 A F a¥Fo] F4UA dAEE B
9= AdX@rin & 5 gop P

HI7IMalol e £A=2| 1-deoxynojirimycin

Ho| glamisl - wilse] ¥ 3t Aoz &
27 1-deoxynojirimycin®] %°] @7|A ¢ %
Yol A F73Ee A A7) 93] HPLCE ©f
23l0] BAstgch. 1 A3 duk By AXE T
1-deoxynojirimycin< 0.216+0.038% = &3}t
a1, 7148 E s 3% 1-deoxynojirimycin
9] ok (0.2274+0.043% 2.2 EA 3t 1 %ol 5%
Z7tettH(Table VD). @375 &3 SRR
t} 1-deoxynojirimycin®] ¥ F7}7F A& ol f

B 1ol B S
o o 2
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Table VI. 1-Deoxynojirimycin contents of Mori foli-
um by using HPLC

1-deoxynojirimycin
(% of dry weight)

0.216+0.038
0.227+0.043

The data represents the mean=S.D.

Non-treated mulberry leaves
Anaerobic treated mulberry

of triple.

The 1-deoxynojirimycin were detected at Waters
410 differential refractometer and their reference
times were 11.92 min (mobile phase; CH;CN-H,O
(800:200), flow rate: 1.0 ml/min., Column: Car-
bohydrate analysis column(3.9x300 mm, Waters-
Co, 37523)).

Fig. 1. The normal beta cell in the islets of
Langerhans gland from normal control group.
No pathological changes are shown. (Gomori's
aldehyde-fuchsin stain. x200)

Fig. 2. The beta cell in the islets of Langerhans
gland from hyperglycemic group. Pathological

changes are shown. Particularly, size and
number of islets were markedly reduced.
(Gomori's aldehyde-fuchsin stain. x200)

Kor. J. Pharmacogn.

Fig. 3. The beta cell in the islets of Langerhans
gland from anaerobic-treated Mori folium treat-
ed group. The number of islets, including islet-
like cell clusters and the relative islet area were

significantly increased. (Gomori’'s aldehyde-

fuchsin stain. x200)

o2 o & A& WM EAFojof & Aot}

Ao Walxxo olxls HSF-IATHA &
37sl a0E WA HFAE g A%
FAGg~AH pAEE ¢ dAEe Gomori's
aldehyde-fuchsin stain®& o]-§3te] @313
ot 2 A3 Az TAE A8 AR BE
AzAol ANz, AE Felut 2] Sl
WAL #EE £ gldlev (Fig. 1), R¥8ERET
A= %*7.3-;51/\/}3—4 AL Zrast A ¥de] F
= ol WAg o] FEF I AEE
a7} v gt} (Fig. 2). 28y @A
3 20% Bdo| THE AIRE B A5E A
FAGR e A7)7} AAAdEe FEAe o|2A
SEIIA T FAHR] e AFTHo] FAhHoRET
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