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SPF 4], P4 4 52 38 K 5 5 3 3d AnlRk, 742 d 18 )
FBE . RIRTAEE (65%/) BRAERE A B 209% 1B |
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B 0.5%4E LR IREY)) LR Z A F 78
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W% i I8 75 R [ B (LDL-C) | 75 % )& I8 75 14 i &
i (HDL-C) BT E L BE J1 (T-AOC) M S AL ¥
LT (SOD) 4% e T ik ik 4 1k ) B (GSH-Px) (A
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Z: B8 Thi 5P Jr b 4 My 2546 & 9 5
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Bk pE B /NER 100 3, R R 1
JEJG , BEAILS> A IE 2RSS RS I AR ST )
WL v W L R R RDRL , IE E S AT SR ) R S S ]
BHE 4 S G A /NRAS B (ARERIK) 12 h, 45 1A
FERE I BN B IR T STZ AP R — 7 4
FRENGE 0, 72 h 05, T /N REE & (R 25K )12
h, I 5E 25 18 B (FBG) , 45 4 0 BR 5 5 R oK i 46
iR RE POK FBG =11.1 mmol/L #1970 BUIAE hy 1
B 1200 S A AR /DN B, 4K 25 b 70 1 S STZ . i R
1 XN R T o LA B
2.5 4BAENIEIRAE
251 /MRS R YOKE RE A FBG IE
T )RR A BRIEH AL (N 41) 40, Hax
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Table 1  Group of experimental animals
7=/
i
287 & AR . ot mg-kg™!
] AR )
weight
JEE A N - -
AL AL 2R M - -
Fa e 2 AR 2 ] P1 = R 200
FA ST AR 20 2 P2 #-7 & Jk 7
SRR Skl D50 ERE 50
P & TR D30 FrtRE 30
ARG & F R D15 Frt A& 15

AT M AR . 2 T 30 d, AR AR
WEE/IN R POK i SR RAE AR AL R RIR A |
BRI R (HER B AR ) % R 6 d I A 1
AR FBG, - ¥IEZ A,

252 HE B Z S (OGTT)IE 2% Liu &
B 77 35D 2 /ANER OGTT, /NRAE B (AN25K) 12 h
Jo, M 5E 2 AH/NEE) FBG(0 h), N 4 BiRiZH (M
)T HPRER K BHPEXT R A 1 (P1 4l)  BHPEXS
FEZH 2(P2 4H) 23 9245 F — FH UK & %71 2 iR, 75 77
i A (D50 41) | i AL (D30 4) FIE
UL (D15 4) 0 A4S T o AR 1
MR E 25 /N RS T ARSI E 0.5,2 h /I
BE(E RIS 2 T AL (AUC) .

253 FEARUCE SRS FEEONE TR A R
Ja , 2 B EE WA Yuan 2520 7 32 AT REAC IR
AL IR 25 48 H0 2

254 GSP &l H-20 CHRA MG FEAS
ek, 2 B S U B GSP & 4t

255 INS & &M E  H-20 CH A 1 I F
A AR, S B0 S Ul B I e INS Fr i A
B B 2R BT T8 B (HOMA-IR ),

25.6 MRACEHAERRIE  H-20 CHRAFHY LS FE
A ARTR D E /N B E o TG\ TC . LDL-C \HDL-C

Sl

2.5.7  HFWEFE BRI

2570 BRI E B-20 CHRAF 1 AT IE
HAREAR AL TR, I JE W T B 1B

2.5.7.2  FDIREAHSCEE G S HL-20 CHRAF
Y MLTE FEAS AR VR, IE ALT F AST {6 313,
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258 PUAEALIEARIE  HL-20 CURAE Y LI AN
FFHBUREAS Ak TR, 42 TR0 6 i0d B 5 05 /0 BR it
8 AU IE P b E 4L i (SOD .GSH-Px) i /1 \T—
AOC 5 MDA & #2031

3 ZEREHSM
3.1 HFEAR

SRR C RENS 5 oo— 7 25 M 1 2 (1 I &
FEMR A% L ASP232 ASP357 .GLUG603 . ASP630 JE il
S F ) A B, 5 ASP469 ALA602 .GLU603 .
ASP630 J¥ B g K/ 0 Bl AR 5 8 T i 2
BWEEGTE (K 1a) ; KRR E I RENS S5 B8 1)
ASP232 ASN237 MET470 ,ASN496 .SER505 .
ARG552 & iU 77 F IRl & 8, 5 ALA231 1LE233,
ALA234 MET470 .LYS506 ¥ it K AF H 77, 5 2
5 MET470 Z [m)= 4 T — e s Hx 71 (B
1b); FMARRARY 5EEHE MM ASP232 ASP469
ARG552 ,ASP630 J¥ i 5 F Al & 5, 5 TRP329,
TRP432 MET470 ,ASP568 .PHE601 ,ALA602
ALA628 JE i /K AR H 01, e 5 2 T IE i &2
B GG BARE (B 1), A0 B AR FH AR 15 7 B4
(£ 1); 5L H AR 5 & A ASP232 ASN237 ,
ASP469 MET470 ,ASN496 ,ARG552 ASP568 .
ASP630 JE WL 4 F ] A 8, 5 [LE233 ALA234
MET470 ,LYS506 J& g K AVEH 1 (K 1d) , B3R 2
AL 4 R 254k A 1 B AR X oo 2 B AR
YA — € B SR FITE 7, oy XHERE TR - 5
SRR C>FH M AR FESA R >FE AT,

3.2 mEFiKK

32,1 o-VERBEMGIETE K 2 Fios 4 R
FALE ) AKX o—VE M3 1 19 400 1) 232 349 i 2 Lok
JE B3 KNG 0, B 3% 3 AT A 4 FPERARIRIE S o
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Fig.1 Molecular docking mode of phenolic compounds

to a—glucosidase
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Table 2 Molecular docking results of phenolic
compounds to a-glucosidase protein
Wk T

EX 3 AR

$1k , RS BE o
# 8 e = 1T 4

# A £

AR 10 6 -20.3019 -50.2522
Aot K& 5 9 -25.8061 -32.9260
4R C 6 4 -429167 -56.6201
Zi6aF 10 6 3.32191  -58.3050

TE A Bl AT ) R AL 5 AR A A O R EL(RH 7E 0.9006~
0.9605 Z[a] , [ Wt H 380 B A O 2R 4 Fl LA
o VE B il Y 40 1 BB IR IR Ry . R RREAF >3 IR
F>R S FaEMR C,

30

Lo 15 2.0 25
J R R
Mass concentration/pg - mL™"

(b) KR FEHF
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Fig.2 Inhibitory rate of phenolic compounds against a—amylase
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Fig.3 Inhibitory rate of phenolic compounds againist a—glucosidase
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Table 3 Inhibitory activities of phenolic compounds against a—amylase and a-glucosidase

and mathematical model of dose—effect relationship

LS B WA T AR Mk FH 1Cy/pg mL? IC/pwg mL™
It 4 BB C a— T B B ¥=0.0045x-0.302x+2.179 0.9605 139.0 112.2
o) 2] 4 5 y=—0.0165x*+2.008x+7.224 0.9313 27.5 9.6
A B3 - Ay By y=25.248x+14.23 0.9006 1.4 0.4
o—H] £ 45 5 5 y=—0.0131x7+1.8719x+6.1449 0.9165 25.7 8.3
Frt AR E a— T By b y=—4.4818x*+31.361x+5.046 0.9242 2.1 0.6
o B 1=3.2873x+6.2208 0.9626 13.3 5.7
% Qi BB y=15.359x-2.566 0.9063 34 1.8
o—7) 5] 4 F 5 y=—0.0020x+0.528x+3.223 0.9393 - 50.8

TE D7 RE PG x Ay g3 AR A e BE R0

——N —#—DI15 —&—D50 —>—PIl
—*%—pP2 —e—M ——D30

A2, T 30d 5,5 M 4.4, D15 .D30.D50 .
P1.P2 2 /N BUBY 5% & i AR OK i B A BT R A bR
D15 A5, FoAx & T AL /)N B 35 6l 56 1) 8 1) Al
B SR ] L A AR R I AU PR 9 /) B
BB & | oK E AR E R A — 2
AN, _
34 ZHMAZx /IR FBG.HOMA-IR # INS I

SENF I Feeding days/d

M 4RI B IR D A SE K N 41/ B @

TR E
Weight/g

KE

KoK
Water intake/mL

%

IZdEﬁﬁﬁtﬂfﬂxlﬁj$%§%‘Fﬁ%,E+ﬂi 12,18, /\\///
R RRAR, 2 B B B R ROC & . i 1 5 FIIET 6

FBG — HLE KT 11.1 mmol/L, 1M M 4H /Y FBG N ——N  —8-DI5 —4—D50 —%PI
24,30 d 19 FBG ¥ E(XF M 41 (P<0.05), D15,
EIIJLl,, 5N2E$HtK,MZE/J\FH‘E@INS /a\i‘ 704W

—k—P2 ——M —+—D30
4 BT, D15.D30.D50 41/ KLY FBG 78 T it
D30 .D50 /NI FBG Wi 5 B i A 25 9k 37 1ty 3
0 4 8 12 16 20 24 28

HOMA-IR ¥ 1 2 2 & (P<0.01) , Ut B 1T B4k 1 ¢ ]
PR /I B BT MBI RSO R T 30 d feeding davsd
J& .59 M ZAH K, D15 .D30 D50 4/ U INS 7 e N P e v
it HOMA-IR ¥ 5 2 F& 1% (P<0.05) , Jf H INS % Ser Semd —ehn ‘
Bt HOMA-IR 376 2 7 K 2 ¥ B (14 K i I8 "
. % H A G LB (M . T LA 1 S SN
2l W A T 0 BRI LUK FBG , B it FU % oo
FARGUREIR =)
3.5 FMAENR GSP &EHHI
GSP T LI i IR i 5 5 23 2 12 J 1y Ty e e w
LUREE SRR P 7 L ML B3 f5 360

S g e Feeding days/d
P =R =] 4 }:fﬁ
GSP Bt A0 T N 41(P<0.01). TH30d B4 BEHAZEHARESE RABMEEDTMN

JG, 5 M AL, DS 410 U GSP & fig 47 T Fig4 Effect of diosmetin on food intake, water intake
K% (P>0.05),D30.D50 .P1 P2 21 GSP &t ik # ~ and body weight of mice
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Table 4 Effect of diosmetin on FBG in type Il diabetic mice
. FBG/mmol - L
28 A 1) AR % /mg-kg™!
0d 6d 12d 18d 24d 30d
N / 3.8+0.6° 43=+0.7 4.4 +0.8 4.5+0.9 42+0.8° 493 0.5
M / 17.5 £2.0° 18.7 £ 1.5¢ 19.3 £ 1.2¢ 20.6 = 2.0° 253+ 1.5 255+£2.3°
P1 200 15.8 £0.8" 18.5+1.3* 14.1+1.2° 132+ 1.4° 11.4 £0.8" 11.5 £ 0.6
P2 7 15.0+0.3" 16.6 + 1.3 159+ 1.6" 147 £1.2° 145+ 1.6" 13.1+1.2°
D50 50 15.8+2.3" 143 +2.1 135+ 1.2 12.6 +0.5° 104 +1.2¢ 10.4 +0.8°
D30 35 16.0 + 1.1 18.0 + 1.6 163 +2.2" 153 +1.8 12.6 +0.2° 125 +2.1°
D15 15 155 +2.5 18.5+1.9° 16.7 £1.5° 15.5+0.8" 148 £1.0° 144 £2.1
12 [ 81 O [R] A 56 ] 4 18] 22 531 35 (P<0.05) o
12 10 .
10 ‘I‘ " g _I_
B B3 B
=28 == b
i =3 . c = <I: ¢
ALI=T c ==
% 2 [ I—'@ g 4 c 2
=g ., & ¢ =
2} 2
Z : d
0 0 m
N M DIS D0 D50 Pl 13 N M DIS D0 DSO Pl P2
413 4l
Group Group

T A B 07 AN [l B B A ) 22 331 e 35 (P<0.05)
B5 BEHAZMIMNRERESENHM

Fig.5 Effect of diosmetin on insulin content in mice

[ (P<0.05) .
3.6 HFEMAEI/NR OGTT KT

OGTT =% Jz W HLAA i 4% I8 775 68 ) ARk 5 %
BUBPES, B3R 5 1,5 N 4IX) e, M gl /B
W {H7E 25 7 41 29 M T (0 h) FIZ8 T 45 49 B S

8
— 2 a
= r
A
< 6 b P b
'—g b
i
® s,
a3
v =
S
&) 2
&)
§ "
N M DIS D30 D50 Pl P2
25
Group

TE HIE B J7 AN R BB B 20 ) 22 531 . 35 (P<0.05)
B7 HFHAZENNR GSP 228N

Fig.7 Effect of diosmetin on GSP content in mice

T AEIE 107 A [R] 7 R BE T 4 18] 22 531 1 25 (P<0.05)

B 6 HHAEI/NER HOMA-IR K&
Fig.6 Effect of diosmetin on HOMA-IR in mice

(0.5,2 h) Bh b 3 = (P<0.01); 5 M 4 X) It
D30.D50 £ /)8 BUIE 0.5,2 h 4 M HE 5 52 AR
(P<0.05);D15 Z07¢ 0.5 h FOMLAR{E 5 M 20 A0 e %
A EZH(P>0.05), M 4E 2 h 1 M 2 E KT
M 4 (P<0.05), H1 & 8 7] UL, M 41/NER A AUC % i

60
a

50 _I‘ —I—

30

) ﬂ
0
N M DI D0 DSO Pl )
4151
Group

TE B B J7 AN R SRR U0 B 20 ) 22 531 2 35 (P<0.05)

ittt & T 1 X

Area under the curve/mmol-L"'+h

8 FHMAERI/MR AUC KIS0
Fig.8 Effect of diosmetin on AUC of mice
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FET N4/ (P<0.01);D30.D50 417 Bl (1)
AUC B ZEET M 20 (P<0.05),D15 4% AUC B A
F M 4 (P>0.05), AU, & A AT RLGZ /N B
OGTT 54,
3.7 FHEMAZEX /IR EIE LA T

Bl PR A 2 R AT S5 R A8 00 45 3 R
U5 R A U U # T RE HHE T RA R

6 AL, 5 N 41%F e, M 20N BURF RN B A I 2
FRECE W E R (P<0.05), THI30d A, 5 M4
FHLE, D30 .D50 20 /1N BUTF L BLURT'E (9 L 25 48 400
FREME (P<0.05);D15 4 B IEFE 505 M 414 L
TG & 2% 5% (P>0.05) , JFFIE B8 48 #5035 I T
M 41 (P<0.05) ., HideHEm A& oA R HA7 2 1A
B R 5 70N BUTE RN B 4540 PR

®5 BMAEN I EBERFBNR OGTT KM
Table 5 Effect of diosmetin on OGTT in type I diabetic mice

s HE4H /mmol - 1!

28 %) ) AR # & /mg-kg™ 0sh h

N / 4.6 +0.3¢ 8.6+0.9¢ 4.7 +0.3¢
M / 23.1 £2.2¢ 29.0 +1.8° 22.1 £2.3¢
P1 200 13.8 +1.0° 23.9+2.3" 19.0 +2.5"
P2 7 134 +1.0° 27.8 +1.6° 15.8 £2.3¢
D50 50 10.1 £2.4¢ 21.5£2.4° 134 £2.3°
D30 30 12.1 £1.2° 20.8 £2.2¢ 14.0 £ 0.9°
D15 15 22.0+2.3° 29.6 + 1.9 193 +2.4°

T« [7 91 F AN T s 3 W 261 i) 22531 2 25 (P<0.05) .

R 6 BERAREX I BUHER /N R BE RS B A 00

Table 6 Effect of diosmetin on organ index of type II diabetic mice

28 % {4 R Mk 35 4/ % B RE 35 /% T Ik 38 %/ %
N 4.05 + 0.26" 1.27 £0.15° 0.20 = 0.06*

M 7.54 £1.52° 1.99 + 0.49* 0.50 = 0.25
D15 7.23 £0.54 1.81 £0.16 0.37 £0.17°
D30 7.13 £1.22 1.60 £ 0.25 0.35£0.07"
D50 6.86 + 0.89° 1.51+0.18" 0.34 +0.15
P1 7.04 +0.24" 1.80 +0.32° 0.28 = 0.09°

P2 7.22 +1.01° 1.78 £ 0.18" 0.29 + 0.06°

T [ A [R) B bR 58 T 2 1] 22 51 8 3% (P<0.05)

3.8 FMAEI/NRIEREISIRA RN

WA B A 2 D) OCHE, BRI R A S
AR AR ZE AL, REE N N 2 2 5 R B ik
SRRERE AL B 9 R, 5 N 41X e, M 4/
i TG . TC .LDL-C & m ¥ i % A (P<0.01),
HDL-C & it i i 2 FE AR (P<0.01), T 30d )5,
5 M 4 e ,D30.D50 £/ B i TG\ TC .
LDL-C & & 5 B & & AIK (P<0.05) ,HDL-C % &t ]
W5 (P<0.05) ;D15 .D30 . D50 41/ B i TG |
TC LDL-C % 5k ¥ i 45 75 W A 28 591 45 19 385 i o
% ,HDL-C & & Fifi & A i A 28 570 3 1% 385 K fi 7

L oR MBI EAOCR . TRLAE, AR
X 7N BRI AR 1 35 L 2% PR MR A e A R A
3.9 FEMAEX/MNRFERMNZM

JHF B8 T4 45 15 43 Mgt T LA S B L A ko 7 1
1) WA A FH I LR I 10 AT UL, 5 N g xS e
M A7) BB AL o A o 3 RIS (P<0.01) . T T3
30d 5, 5 M 44X, D15 .D30.D50 26 /)8 BLUE T
B R A B I R ) (P<0.05) ; B & R 2 )
AT N BT R B R £
3.10 FEMAEX/INRATIIEERI R

AST Fl ALT J2& 1 &2 AT 2 fig i) 3 22 hr 1,
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Hypoglycemic Activity of Diosmetin on Type II Diabetic Mice

Jiang Yifeng', Zhou Xuexue'?, Huang Yingying', Zhang Huafeng'?*, Wang Hongxia'

(‘International Joint Research Center of Shaanxi Province for Food and Health Sciences, Provincial Research Station of
Se—enriched Foods in Hanyin County of Shaanxi Province, College of Food Engineering and Nutritional Science,
Shaanxi Normal University, Xi‘an 710119
*National Engineering Laboratory for Resource Development of Endangered Crude Drugs in Northwest China,
Xian 710119)

Abstract Objective: To study hypoglycemic activity of diosmetin on type I diabetic mice. Methods: Activities of four
phenolic compounds in Chrysanthemum morifolium including diosmetin, isochlorogenic acid C, luteolin and morin, were
analyzed using molecular docking and «—amylase, a-glucosidase experiments. Type Il diabetic mice model was devel-
oped using high sugar and fat feed combined with streptozotocin (STZ) method. Effects of diosmetin on carbohydrate
metabolism, lipid metabolism and oxidative stress in mice were investigated using homeostasis model assessment of insulin
resistance (HOMA-IR), total cholesterol (TC) and glutathione peroxidase (GSH-Px) methods. Results: Diosmetin effec-
tively alleviates the symptoms of diabetic mice such as polyphagia, polydipsia and low body weight, significantly reduces
fasting blood glucose(FBG), insulin (I) content and insulin resistance index (P<0.05), decreases content of glycosylated
serum protein (GSP), and relieve the abnormity of oral glucose tolerance test (OGTT). Besides, diosmetin reduces con
tents of total triglycerides (TG), TC and low density lipoprotein cholesterol (LDL-C) in the serum, and increase content
of high density lipoprotein cholesterol (HDL-C). Diosmetin also improves total anti—oxidation capacity (T-AOC) and ac-
tivities of superoxide dismutase (SOD) and GSH-Px, reduces malondialdehyde (MDA) content, and significantly reduces
activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) (P<0.05). Conclusion: Diosmetin ex-
hibits hypoglycemic activity on type Il diabetic mice, and possesses mitigating effects on oxidative stress and lipid
metabolism disorders caused by diabetes.

Keywords hypoglycemia; diosmetin; type Il diabetes; oxidative stress; liver function



