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1 E: BR BUTRMZEERRERE LS Ak DAPUSmERE S BUB R AR, Frb 2 8Ll 0.25. 0.50. 1.00 g/kg
g 4h 2, TS 6 JH, WRJERMASIE: AR 2. 4. 6 RS A IEIRE; S8 AT BRI R06, Mg e,
PR FIKT WSS, AR KV & OB (HK . WERRREES (PO, BALYE{LEF (SOD). #
PEH A A RS (GSH-Px) WEHERITN —fE (MDA /KF. 53R M2 0EEE0] D ARpE IRw /N RUER: B Wl S 4 bk
PRI/ GRS I MU T i, BARORH A I35 2 Rt il 28 R IR VR s BT (et Mg 1 i 25 . JHF HK (20 R0 R TG i
& $EmT SOD fiEdE, FEKHT MDA 7K, {R#HAREERER; St 2fh Fad BGR3ERT PK /2 mmEM, it
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Hypoglycemic effects and mechanism of mulberry leaves polysaccharide

CHEN lJian-guo, BU Wen-lei, LAI Wei-qi, LIU Dong-ying, MEI Song, LIU Zhen, SUN Li-hua, JIANG Yue-xian,
FU Ying, WANG Yin
Zhejiang Academy of Medical Sciences, Hangzhou 310013, China

Abstract: Objective To investigate the hypoglycemic mechanism of mulberry leaves polysaccharide (MLP) in diabetic mice.
Methods Alloxan-induced diabetic model of mice was continuously ig administered with the distilled water, MLP at doses of 0.25,
0.50, and 1.00 g/kg, respectively for six weeks. Body weight was recorded weekly. Blood samples were collected for measurement of
blood glucose at the 2nd, 4th, and 6th weekends after fasting for 5 h. Glucose tolerance test was carried out and femoral artery blood
was taken to measure the glycosylated serum proteins (GSP) and the blood serum insulin content at the 6th weekend. The liver
glycogen, homogenate protein content, hexokinase (HK), pyruvate kinase (PK), SOD, GSH-Px activity, and MDA level were
measured in the end of the experiments. Results Symptoms of diabetic mice fed with MLP were improved. The blood glucose level,
the area under curve of the blood glucose, and GSP of diabetic mice fed with MLP decreased obviously. Their blood serum insulin, liver
glycogen synthesis, HK secrection, SOD vitality, and body weight increased significantly. However, their MDA content decreased
obviously. The PK vitality of diabetic mice fed with MLP at dose of 0.5 g/kg increased significantly, while there was little effect on
GSH-Px activity. The ratios of liver, kidney, and spleen to body weight increased obviously in diabetic mice, but decreased obviously in
the diabetic mice fed with MLP. Conclusion It is suggested that MLP has the effects of enhancing their anti-oxidation by increasing
SOD vitality and decreasing MDA content in diabetic mice. Through promoting insulin secretion and improving liver HK and PK
vitality to promote blood glucose to enter the liver cells, glycogen synthesis, glucose oxidation, and decomposition are accelerated, and
MLP can regulate the glucose metabolism, reduce blood sugar, and improve the symptoms in alloxan-induced diabetic mice.

Key words: mulberry leaves polysaccharide (MLP); diabetes; glucose tolerance test; glycosylated serum proteins (GSP); antioxidation;

glucose metabolism
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FIM R ZFR B MY 2 Morus alba L. 1,
PEARTL H id g “ 5T 2 B2 25, v RARE
RE T, 44 B R BRIE PR a1
REMIIC R AR R I, s & 20 B
AW, A, ZIHMR. gER. MR RSN
PERy, HABRMRE. Wil PN, P,
Pr gt I 55 Dy &%, M F i 2 B (mulberry leaves
polysaccharide, MLP) & H [ MU H 1 = 2 D
JR A, gk, AR AT 7 1R e rp R
K, SRAF S0, TE L T Y A g B0
PRI/ SRRSO & RIS & s, g
MBCEEACAE F R TR A U1 45 7 TR e %2
Bl B AR FH L, A 285 ROR) FH St Bt IR 41t
WA
1 #R55EZE
1.1 754

SR ABUMNIERS CHWTL T 2E 2524 B g
B0, RAKIEEDUETRI. RHIAE R 20, 20
S 28 62.5%

1.2 ¥

ICR FhMEVE/INER, M 24~26 g, WITT A SE
wah ot WA RUES SCXK (i)
2003-0001, P57 S80S i A5 A 4 UE 5 SYXK
(#) 2005-0074.

1.3 K7

DU MERE I [ Sigma /A ], IUHHRACE 9
SRAR A FI AR, WA L E e B R T
BIEE Y HARAT R R AL, i 220 e i) &
H3EE ADL AwEr=,  Bilgpuii gk A v ik
Forde, HAI3REN . BELYELE (SOD).
BWEH Ik A (GSH-Px). 4 % (MDA).
COBE (HKO . IEERIEE (PKO AR 7o
TR a A TR S BT At
1.4 %8

ci8200 4> H BN AEM e o BT A CHERS, SR[ED;
Denley Dragon Wellscan MK 3 B! Ji#51% ( Thermo 2
A, 2525 UV—2100 BUEAh-0] WG o e vt
Byt HAD.

1.5 73E7

B 120 2N, 2565 16 h, 4% 190 mg/kg 7
ip PUSRU AR AR K, 720 Ja, R CR il
RGNS (B85 b, BUMBHESE 10~28 mmol/L
(PR ) /N B 48 I, 2 MBHAE « AT B AL 2> ik

4 4, SyRARERIYL (ZEIRAKD RIS 28 0.25.
0.50. 1.00 g/kg 3 NS SyEUER /N RE AT
WA GEBAO, 4112 K. MR ERZE, FR
i ig 425 1 IR, BlEEe. YoK, BB
1R SR 6 JH, TR 2. 4. 6 FAKRZE
JOKCR L, 02 SIS K« SEBG 2R 6 FAK, /NERAE R S h,
—URVE ig BT 2.0 g/kg, 20 min Ji5 R FCR ML
SELLFIARE G 04 0.5+ 2 h AOICRE(E, AT
B, VIEORE 2 NI A SRR, /N BRUBES K
S L IR = NI v S S A = BN
B, WUHMESZZIE T UK, I KA 317Kk
LA T, FRBGE R, kA K HI R 10%T4)
X, BUKHE, A3 B . SOD. GSH-Px. MDA,
HK. PK W5 ; o) HOE & AT R G b
K 22 [H 38 E OneTouch UltraT™T (i g (S 52 s B4k,
M7 B AR G VR e s 375 19 5 3R A i 1
Gy ike ;s A& . SOD. GSH-Px. MDA,
HK. PK FJHBE G340 & 7 150 € « SOD & 4
S XN HSUR AAE 1 mL N SOD #]
Kk 50%I TR N SOD —A SOD i )1 A
(U); GSH-Px if /)& UM R e HZ U A, o0
FBRARRE SN ER, Al R AR R GSH W EE B
fiX 1 pmol/L i —ANME J7 50407 s HK 7% 758 A AE
37 °C, pH 7.6 MISATT, B FCH R FAEA VAR
Z AR A B T mmol/L ) NADPH 4 — /NI /)
FRE (UDs PSS XAEE 37 °C, pH 7.6 R4kt
T, WAL E AR 1 pmol [ PEP #5748k
PRI S — ANl % S (UD o

i K H SPSS 13.0 MR- AT J5 225307 o
2 %R
2.1 pR—AEME

WERENRZIR. 28, 2R RITRREE,
B “ =27 SR, ZH283 AN0E
2 Bt S SRR N RUEIR B T . AE S I ), B
A ZHC. SAEARA 2 HPRSET,
A 3 JU/NRIET, RIETHEIR
2.2 RMZHEXHERR /R MLEE R R0

SRR 1. SIS, A2 ) B IR
HEFETE, SA4mkEERER EE (P<
0.01), FFAESLEGE 4 FIRA B Ml . S 2Pk
TN RAEL 25 2. 4 FIR PRSI =, 545
AT ZE AR B (P<<0.01); (HIESLHK 6 4
ARMBEE B S 0%,  HOS R L o S AR W%
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(P<0.01). FM-ZPEPHIEA/NAELSL 2. 4 4
A BEAEIE A TH o, H 545 2900 Lh e 22 e A B 3%
(P>0.05); #E5E56 6 FA MBHE I W%, H4524
Wb 2R R E (P<0.05), HAFSZE 4. 6 K,
LR LA 22 AR B (P<<0.01). Rl
AL S BB (2R W B A, HLAESESG 6 JEI AR B
SR T KT (P<0.01); 7ESCK 2. 4. 6 )4
AR, HEMA R ZE AR B2 (P<0.0D); 1 H,

MHEET s B IL R E IR, JEAEE—E
TR R
2.3 EMZHEXRERF I RIEN = /895200

R 2. M ZHE 3 AL/ B i
L NIRRT, HEMZih . mAEd
ZRAEH EE (P<0.01). RFAZRMZHEAGHE
B AT FR 05 I B IR pih 2 R TR R
24 RMZEXTERFEDBRECLEERNZIG

K 6 K, SXMALEERALE (P> LRI 3. FME BRI RRALN BRI
0.05), FWIFITLHERA I REBIR IR NN REUKTH BT TRIA (P<0.0D). UL, 5

1 BEHSEMERFNROBEHEE (x+s)
Table 1 Effect of MLP on blood glucose in alloxan-induced diabetic mice (x* s )

B 4E/(mmol-L ™)

A ke SR P GiE2m  p4 A6
iR - 10 17.6+5.3 24,414,144 30.6+3.344 24745344
ENES 0.25 10 17.34+3.8 25.8+4.6%* 2772334 17.34+8.17

0.50 9 18.5+5.4 204497 20.1+-8.9" 120+64"4
1.00 10 17.4+6.4 17.5+7.17 16.1£9.5" 79466744
o} e - 12 6.3+0.7 6.0+0.9 51407 5.040.8
HREMALLE: TP<0.01; S54AZHILE: “P<0.05 **P<0.01
"P<0.01 vs model group; *P<0.05 44 P<0.01 vs pre-administration
2 BRMHSEMNERKDRETENEME (xts5)
Table 2 Effect of MLP on glucose tolerance test in alloxan-induced diabetic mice (x £ 5 )
Mo ARk B 8 /ol L) WE IR
Oh 0.5h 2.0h (mmol-L™")
LY — 10 24.7+53 33.3+0.4 29.1+3.4 613+ 3.4
ENEA 0.25 10 17.3+8.1" 29.8+3.9 24.6+5.9 52.6+ 8.9
0.50 9 12.0+6.4" 26.6+8.5" 21.0+9.5™ 4534+16.6"
1.00 10 7.9+6.6" 253+55" 16.8+9.2" 39.94+12.8"
pagit - 12 5.0+0.8 9.8+14 53407 150+ 1.7

SRR TP<0.01
"P<0.01 vs model group

%3 BEMSEWERRE NRELESEMEMN (x5 )
Table 3 Effect of MLP on GSPs in alloxan-induced

diabetic mice (; *Ts)

R 3 AR AL BB LS 1K TR )
TR (P<<0.01). FRWIHE PRI /N BB AL LS 2
PRI T s S 2 Bl BAT BEARRE PR ) BB

a3 Ry HERIER (i .
(ke ) (mmoll’) 25 FMEEHERRERH 0T
e - 10 196+034" LA 4o BURALNRUMTENE S 2. PG
R L 0 0 ISSR0TT PRI HK R BACTARAL (P<0.0D).
10 Lercages  FEMPZHE 3 AFURALN BB AT R B
- _ 12 083+0.13 AL Hrbs B4R B (P<0.05): M5

RO L TP<0.01; HHEALE: **P<0.01

"P<0.01 vs model control group; **P<0.01 vs control group

H-Z28E 3 AR XA, ERARE (P>
0.05). ZEM- 224 3 AL BUHBE T K- 2 T
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R4 BHSEMERENRERFOEE (xts)
Table 4 Effect of MLP on glucose metabolism in alloxan-induced diabetic mice (x = s )

4 5 Ma/gkg ) M MRS FE(pgmL™) R G/(mgg ) HK/(U-g ™) PK/(U-g™")

B - 10 17.0+5.3** 4340.6%* 8.8+4.6* 31274 742

EANEA 0.25 10 21.84+8.7 47415 13.24+23° 3104+ 98.0
0.50 9 22.4433" 83+43" 14.5+4.4" 5103+ 88.17°**

1.00 10 22.1+54" 7.1+3.0° 14.7+5.7" 309.5+ 76.6

pogi - 12 254424 8.9+25 15.14+3.2 3409+ 111.6

SRR P<0.05 TP<0.01: SxHAILE: **P<0.01
"P<0.05 ""P<0.01 vs model group; **P<0.01 vs control group

R, Hrb. mfEdLE 5 23 (P<<0.01. 0.05);
Mm-S RAL L = R AR E (P>0.05). FMF2 8
3 AFIEGUNEIT HK SR m AR (P<
0.05. 0.01); T5X I b= FAEE (P>0.05),
FZ 2R R4/ EIT PR OISR TR (P<
0.01), Htnm Tl (P<<0.01), HAbKL 210
JIF PK 3G PER T B 22 e o 2 HH DU SR s g i PR 9
AR R S 22 F PR AR 43 Sh R0 FF B 76 ) 75 kA
Bbs Rk 2P R A (S . JF PK
()53 WA R B G A SR s i b 7 i S 2 0
BRI PK 20 HIVEH]
2.6 RMZHEMERFDRNEMIERZI
GERILER 5. M 2B 3 ARl BN
Bl 10% A1 R FKE 3 B AR T X A (P<
0.01. 0.05), ZFmZHE 3 AlEA/ NI SOD i
PER U] B TR (P<<0.05. 0.01), M5
ML ZERARE (P>0.05). FMHZH 3 DHE
4. FHRZH /N U GSH-Px WG PR TR 4], 1
ZE S TO I A S 20 3 N FIE AL/ U MDA
ACE ] BAR TR (P<<0.01); TS5 HEZH L
ERAEE (P>0.05), ] PY S R /N
BT SOD i 11 I W B#A% . IF MDA 7K 7B 2.4 i 5
FI 2 BAT B B3 b IR /N U SOD if 2k

A MDA ZCFIIYER, o H GSH-Px & 5%
M) AN 4
2.7 RMZHEIERFDRIKRE RN

GER LK 6, BIRYIRISEMZHE 3 AR
R L R A 48 I O, I AR AT LR
EHEE (P<0.01). FESCKHIN, #4105
WA E R MRITE, AN R AR
B BAL T XA (P<<0.01. 0.05). FM-ZHE 3 A
FIEA T, A FIERRIN, R R KIS,
Ft 2P EAES )G 2 FE. Frt2hitn
ARG Zi)E 3 k. (RRIEATEL )G 4 M
B G TR K (P<<0.01); FFLAGE M 20 m
FIE AR KR, AR Z5 2 R R
TR, (P<<0.05. 0.01), 1Mi5%f M4 Ebi 2 5+
ANEFE (P>0.05). FRHZRMZ2 0 HAG LR R/
AR IR IAE T, HAPAE— AR R
2.8 RMZHEXHERF /RS IS EHE NG

gER LR 7. BERLLLR SIS0 A /) SRR R
HEI T AL, HYERENER. 2 3
AL/ R FE HOE TR, S 2 5%
AR EREE (P<0.05. 0.01); MBI Al
R/ ERUFFIEFR 204 B 2 T R4 (P<<0.01
0.05). FERIZFI SN 2208 3 AT AL/ U I

F5 RMBENERFNBASLERNEN (xts)

Table 5 Effect of MLP on antioxidation in alloxan-induced diabetic mice (; ts)

21 5 AR (gke) W/ AR EA(mgmL™")  SOD/(U-mg ") GSH-Px/U MDA/(nmol'mg ")
B - 10 48+0.8*° 3.9+0.9* 1516.84212.2 2.38+0.61°
BN 0.25 10 47+1.1°%* 51413 1760.7+448.8 1.35+0.29"
0.50 9 4740.8%* 544147 1784.4+3322 1.28+0.63"
1.00 10 52412° 534137 1794.4+267.8 0.93+0.37"
Xt - 12 6.6+1.3 49+1.1 1782.4+280.3 1.22+0.30
HROBA A TP<0.05 TP<0.01; S0RAIHE: *P<0.05 **P<0.01

*P<0.05 *P<0.01 vs model group; *P<0.05 **P<0.01 vs control group
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*6 BMZEMERFIREREHEE (x+5)
Table 6 Effect of MLP on body weight in alloxan-induced diabetic mice (x £ 5 )
a3 il T o hJrid/g
(gke ") ERET ER SRR SRR BAREIRA SARAR BARESEA G 6
i) - 10 257410 223+2744*% 23.9438%% 258+3.0%° 268+32°% 2734+29% 27.7432°%% 2854324
ZM4H 025 10 257418 22711.9%**% 262421 27.1£23%° 274£28% 283+£2.1%4** 287423 293427
0.50 9 255+1.0 222430 2564+29* 26.8+24°%% 284+423** 289+22° 297420 302422
1.00 10 256%13 225428%%% 2604£23° 283228 3032247 309+277 321429 322428"
XTI - 12 253+17 272+422% 283423 299+20  300%25  31.1+29  311+26  32.0%3.0

LM R P<0.05 TP<0.01; SiEHINHLE: AP<0.05 **P<0.01; SxE4ILE: *P<0.05 **P<0.01
"P<0.05 "P<0.01 vs model group; 4P <0.05 **P<0.01 vs before alloxan-induced; *P<0.05 **P<0.01 vs control group

71 RMSHEMERRNRESISHOEE (xts)

Table 7 Effect of MLP on organ weight and ratios of organs to body weight in alloxan-induced diabetic mice (; ts)

il M/ (gkg ") L7105, JHREFE 50 % B AR %0 % TR £ %
A - 10 5.8940.54*° 2.1740.43%° 0.39£0.11
ELES 0.25 10 529+1.07° 2124045 0.36%0.06

0.50 9 5.67+0.58* 1.774£0.43""** 0.37+0.09
1.00 10 5.114£0.90 " 1.70+£0.317"** 0.44+0.15
it He - 12 4.66+0.32 1.30+0.09 0.35+0.08

SR T P<0.05  TP<0.01; SXH4ILE: *P<005 **P<0.01
"P<0.05 "P<0.01vs model group; *P<0.05 **P<0.01 vs control group

FVE BEFE B W B T gl (P<<0.01); FHM £

B 3 AFELL N B IR SO T2, HEn
Zhih. mAEAZEREY B (P<0.01). %4

il iy F s In, (RIS E HK B PRI PESE
CRGVERL, AU SE AN FAI R, AERTHE T B
I, AR AN, AT IE SR A

/I SRR O B R P FiE R T e M . R IIHE
PRI /IS SUTPIESR £, P AN B U R 2 T
1117 5 Pt 2 Bl ELAT BRI 24 B 1
3 it

ASHIEFE LA DU 4 e 5 PR /s AR, IR
PN =207 SRR B BRI B A
Wi MEBRE R T HK A0 FERE o
RV i SOD I PEW] B i MDA 7K
USRI TR R R SR N A 4
o BEAE Z M R AN, B R BUAEIRZ
TR AR N B (T B st e TR B SR RERAG
SR 22 8 i 7 e /D UK AL I3 B K F B
% Mg Pes = oK B &, I HK
W TEW] R GR ;T SOD JE PEW] R 5R, 1 i MDA
AR RTAL o I e = R TP 6 = O =
TR AV TR O — E R FRAR,  DL E& iR
PREIAEAE — € AR R . A SLIR SRR W] 5
-2 B E L B T SOD i1 FAIK MDA 7K1 2
B PR /N B TR AL RE T, ey B ANIE R,

BRAR AR S B AR AR B4 R 54T
DARE— Y, ARSI A AE R GSH-Px i
AR N R

LRt AT, R 2P RAT B R B B
HAERILE 2 5 (1, A A X AT IR AR I

S 30k
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