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Ay e HARR, RWITH AL 58 B A S8 R R IR 5L R iR
WRFT 20 M 2 B A L2 . 1 000 r/min B0 5 min,
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WA Y 4 25 45 LR AS R 25 90 R B 45 25 2 10 4%
Ay R0 2 3R vk BE BB B X Ry 20.40.60,80,100,120,
140,160 pmol/L . Bz H ¥ BEBR JE S 100,120,140,
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InSEJE KA A 37 “C 5% CO, ¥EFEA N K37 24
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(1)CCD-RSM 525y

S 1 S 36 45 2L, 7 245 0 % 40 B A F M 0 R)
O RN B A A5 2 T Bl A 2 VR VI L. Ll A
HH A (pmol/L)F/R M RMEM B (pmol/L)
FR MR C (pmol/L) %R, A B.C A
g 43 i AL A By i R 3R A B R B RSB
HepG2 M H A BIEFER Y (X)) IH IR br, 1T
SHERKFE(—1.732,— 1,0, + 1, +1.732)
CCD-RSM, H £ 7k F W % 1%, 5@ 4 Design expert
8.0.6 AR 20 AL A G HBEK 151 &
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Table 1 Levels of factors for star design

KT % Factor
Level Kaempferol (A) Quercetin (B) Quercitrin (C)
—1.732 80 60 160
—1 88 68 177
0 100 80 200
+1 112 92 223
+1.732 120 100 240

(2) i A T b 4 45 B0 -5 38 ik

K Design Expert 8. 0. 6 /4 Xf 52 86 2% S 4 57
TR A B AR AR S O R L 2
R 4 W R R ) A O T RN A A e
T fe A4 AT LU 9] 9 R AT 52 56 36

2 HRESH

2.1 BRERERNES
2.1.1 24 h RRVREM 5 & *F HepG2 @ o ik B &
WA F A

W% 2 iR B2 HepG2 20 B %o 75 25 0 14 74

FERAA L T4 MR 34 AN [R) 7 i /b . Hev , Y
#H 1X10 " mol/L 5 IRAAA L . 22 55 A W .5 58
AR P <0, 01, BEHI R & Wk 11077
mol/L B}, HepG2 4 Jfd X 5 %4 1% 15 #€ 2 0] i 20>, oy
20. 6290 AL 1< 101X 10 mol/L 5%t fi 41
AL, 22 5 B ge it 3 L (P <<0. 05) , Ut W] i &% R
WRER 110 °.1X 10 ° mol/L B}, HepG2 4l g %}
I HT T FE SR, 4 21.7696.23.26 % s Hi A
WS X AL . 22 7 JE Wk . e m] ) e
ZWE 1107 mol/L N HepG2 4 Jifg i £ 1§ & Z 41k
PR B AR TR

R2 24 h AERERR B R X HepG2 40 M Bk 12 3 L 571 09 72 0
Table 2 Effects of different concentrations of insulin on insulin

resistance of HepG2 cells at 24 h

B R T 2 T RE ] %

Jo & e B/ 2 W T R/ i 2 i
(mol/L) (mmol/L) THAER/ %

45 : . !

G Insulin Glucose Glucose

sroup . . 4
concentration/ consumption/ consumption

(mol/L) (mmol/L) rate/ %

Control group 0 3.26+0.02 29.16

Model group 1X10°° 2.89+0.19 25. 82

1x10°° 2.744+0.16 24, 54

1107 2.3140.11 % * 20. 62

1x108 2.4340.08 * 21.76

1x10 7 2.600. 07 * 23. 26

Note:compared with the control group, * * means P <C0. 01, *

means P<C0. 05.

2.1.2 48 h RRRE M B & 2 HepG2 ik By %
I 7 A
W 3 s, BRI 20 HepG2 40 X 7 25 %% 10 714

FER A LL T X B 28 A A R B /b . o AR A
20 1X1077,1X10"° mol/L 5Xf RLAAM L 2R HA

it X (P<<0.05) , b R B VR 1< 1077,
1X107°% mol/L B}, HepG2 40 Jiu % % 245 4 T #6 2R U5
B AR 25.55%0 .27, 04 % s AR E 5 X R 4H M
bR R EME. SRS EEE 1X10 ° mol/L 4
AL B 1107 mol/L B, HepG2 4l iy X 7 %
B T FE 23R T /N, Pl AT E R MR 1 <107
mol/L 2 HepG2 4 M = A JBE & 28 K Ht 09 & A H
WRE ., EBRE RN N 1X10 " mol/L BHEHL T,
S{ER A 48 h AL ME A 24 h B HepG2 41 i %}
AT 2 W ) T R R T DN R I /D DR O R R A B v
JE 1X1077 mol/L.if[A] 24 h 8 HepG2 4 i 7= 4=
B & AP L S
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R3 BhARKERDE HepG2 MK B EM MMM
Table 3 Effects of different concentrations of insulin on insulin

resistance of HepG2 cells at 48 h

x5 WEEFREX HepG2 HEE RN F I
Table 5 Effects of quercitrin concentration on survival rate of

HepG2 cells

Jo B e B/ MR BRI FESE/ A
4151 (mol/L) (mmol/L) HAES/ %

(:rou Insulin Glucose Glucose

sroup concentration/ consumption/ consumption
(mol/L) (mmol/L) rate/ %
Control group 0 3.36+0.07 32.66
Model group 1X10 7 2.9840. 35 28.53
1x10°°¢ 2.84+0.19 26.43
1x10°7 2.3340.07 * 25.55
1x10°° 2.6740.03 * 27. 04
1x10°° 3.05+0.15 29.21

Note: compared with the control group, ¥ means P<C0. 05.

2.2 WS B E B H K EST HepG2 i AETF
CES: R

F CCK-8 ¥ A6z i A~ [7] e B2 111 25 W | i Bz 3% 0 A
BEAF U EEXT HepG2 1M AF 5 AR, 45 2R DL 3% 4
5. RAECEIT 2 A Y120 28 5 #80r« R b
20 7 MU S ) (GB/T 16886. 5—2017) 4 4 41 il 1% 77
R T 30 0 I 2 s 24 1y AT 40 I 2 A
W 7R 25 W0 20 AT R R SR R N L B E T A%
24 W B 45 25U I 25 80— 120 pmol/L Mt iz &
60—100 pmol/L K FF 160—240 pmol/L,
x4 WFEE O ERREI HepG2 HEEE RN N
Table 4 Effects of kaempferol and quercetin concentration on

survival rate of HepG2 cells

LU/ HepG2 4 JLA7 1% %/ %
(pmol/L) Survival rate of HepG2 cells/ %
Dose
concentration/ 111 2% M ik e %
(pmol/L) Kaempferol Quercetin
0 100. 00 100. 00
20 127.99+6.43 % 113.2346. 41
40 114.2248.87 105.86+7. 33
60 104. 93413, 21 95.284+6.50
80 95.83+1.43 % 87.804+3.19
100 84.64+0,99 % 68.19+2.27 * *
120 75.70+E2.87 % * 62.79+7.89 % *
140 66.7742.96 % * 58.214£2.90 % *
160 62.98+4,92 % x 55.55+5.24 % *

Note: compared with the blank group (0 pmol/L), * means P<C
0.05, ¥ * means P<C0.01.

2.3 ZRMEMRSAESRAENKEN
2.3.1 CCD-RSM &% %
5 CCD-RSM 15 5| iy SZ 50 25 IR a3k 6 frzs . B

Ak e 1 e BE / (pemol /L) HepG2 4l A£G %/ %
Quercitrin concentration/ Survival rate of
(pmol/L) HepG2 cells/ %
0 100. 00
100 104.094+4.13
120 99.3644.47
140 97.3548.47
160 94.66+2.78
180 88.44+1.38 % *
200 84.5442.42 % *
220 80.6242.00 % *
240 76.80+5.17 % *
260 74.6043.18 % *
280 73.29742.16 % *
300 69.8847.28 % =

Note: compared with the blank group (0 pmol/L), * * means P <
0.01.

&6 CCD-RSM EWiRIT 54K

Table 6 Experimental design and results of CCD-RSM

5 A/ B/ c/ Y/ Y%
Test number  (pmol/L) (pmol/L) (pmol/L)
1 —1 —1 —1 15. 36
2 1 —1 —1 16.97
3 —1 1 —1 15.73
4 1 1 —1 14.62
5 —1 —1 1 8.32
6 1 —1 1 16.58
7 —1 1 1 7.57
8 1 1 1 13.24
9 —1.732 0 0 14. 24
10 1.732 0 0 18. 41
11 0 —1.732 0 11. 34
12 0 1.732 0 11. 25
13 0 0 —1.732 16. 26
14 0 0 1.732 9.49
15 0 0 0 21.52
16 0 0 0 20.75
17 0 0 0 20.73
18 0 0 0 21. 34
19 0 0 0 20.63
20 0 0 0 20. 66

PR 10 48w W FE R A R 3R 7 PR Hoh, T
XAy FH A % B2 . T 2 245 20 B A g /ST S i X
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] 2 BT R R R A R LA LR 24 ) e JRE (LA X A
IR GGR 6) 53 Fh B3 0 A — i B Bk IRE A T L (EL 9 A
TC AT 20 245 20 [ Wl 10 ORI T EL B AR 45 24 4 I AR A
PRI 9 4031 HE B A ok 32 2% 3 Al #55 (3% 7D, AN ANAC
{1045 24 21 LAAR WS SR B0 e 2 T5C L SR AT A58 vy 4 ) 4 M
THFER .,

F7 TEREBEAYITESDZRAH HepG2 A HE
MEHFER

Table 7 Glucose consumption rate of insulin-resistant HepG2

cells with different concentrations of monomer drugs

s BEEI Gmol/L)  AAIBRIRE % %
Drug name Dose concentration/  Glucose con?umptlon
(pmol/L) rate/ %
Metformin 16 000 14.80=£1.05
8 000 14.16=+0. 87
4 000 21.9840. 84
Kaempferol 80 13.88+1.06
88 9.88+1.07
100 17.23+1.32
112 12.65+0.79
120 10.40£0. 96
Quercetin 60 16.13£0. 55
68 5.0741.37
80 8.2640.90
92 11.7940. 64
100 7.79£1.02
Quercitrin 160 4.9040. 96
177 8.724+0.98
200 14.4040. 93
223 11.64+1.01
240 7.5041.00

RS HREBEHRODFPFRHWOESIRER

2.3.2 wPEAEAEST L R ENHH

iz ] Design expert 8. 0. 6 U4 73 A1 844 X 1 56
B T Z o BRI 45 R L3R 8. 5 8 ik £ 0
AR S Y = 20.94 4+ 1.55 X A —0.44 X B —
2.05XC—0.66 X AB+1.68 X AC —0.26 X BC —
1.53XA*—3.2XB*—2.68XC*,

TE a=0. 05 W FPEAKFT L 50 BR X 52 me A o 25 1
RZEFEIHTFEN Y =20. 9441, 55 XA —0. 44 X
B—2.05XC—0.66XAB+1.68 X AC —1.53 X
A?—3.2XB*—2.68XC*,R*=0.989 7, BLHI/H—
Tt B A AR ) S 6 ) R A5 R R TR . X
BHAT I Z ol mE S R A B EER (P<
0.01),3 AN Z X HepG2 4t i 7 75 4 1 #E 4 (1) 52
HEF R C>A>B Fod il Bz 1 L Ll 2% B X 48 4 0 TH
FER B ML 1 (P <<0. 01) , 8] 9 77 8 A% 25 8L 350 A
FE(P>>0.05), 3= B R 1 DK 3 XF 52 90 45 R 0 T4 /0N
BEARYBE 78 53 1006 S 0 B4
2.3.3 BRFHLELAR

R 0105 75 A, 2% %5 g 7 T ot T T % 5 v 2k I Y
TEAR 434 L 2% T B2 38 B T 7 2 O FE R 1
S, o) T g T P R A e 2k AT DAAR G b S B
A 22 (8] A AH BV A e O o Ny T ot T T ) B
JEE TG U R L T S T S T e 7 (L PR S e AR R g )3
THT T T ] R B M 0 B V3 ) 28 B R R

Table 8 Regression analysis results of consumption rate model and regression coefficient

A1

N 13
K Rtk ¥y F fi P i LERC
Sum of squares Degree of R
Source o Mean square F value P value Significance
of deviation freedom

Model 378. 86 9 42.1 107. 04 <2 0.000 1 x %
A 33.49 1 33.49 85.16 < 0.000 1 * %
B 2.77 1 2.77 7.04 0.024 2 *
C 58. 82 1 58. 82 149.57 <2 0.000 1 * %
AB 3.52 1 3.52 8. 96 0.0135 *
AC 22.55 1 22.55 57.33 < 0.000 1 * %
B(C 0.56 1 0. 56 1.42 0.2617
A? 36.78 1 36.78 93.53 < 0.000 1 * %
B? 161.77 1 161.77 411. 35 < 0.000 1 * %
c’ 112,97 1 112.97 287. 26 << 0.000 1 * x
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gk
Continued table
R G i 1)y F i P R
Source “OT d(;v?ililg;es ffeggggrg Mean square F value P value Significance
Residual error 3.93 10 0. 39
Missing fit 3.18 5 0. 64 4.24 0.069 6 ns
Pure error 0.75 5 0.15
Sum total 382.79 19
R*=0.9897 AdjR*=0.9805

Note: P<C0. 01 means extremely significant and is represented by * * ; P<C0. 05 means significant and is represented by * ; P>>0. 05 means not

significant and is represented by ns.

LU 2% By R B2 3R A2 A T 0T i 26 0 T B 38 1Y 52
W an P 1 BT s . TEM R H R EE N 200 pmol/L BYIE
BLF 5 1L 2R B Wk B /N T 100 pemol /L B B 5 i 2
FOUR B BB T A R T R R e T e BRI Y
LU 2% 1 ¥R B R T 100 pmol /L B, i 25 i 2 28 Wk 32 1Y)
TR T TH v A R R S B 218 T i T IR
B 78 A B s 4 2 R VR EE /N T 80 pwmol/ L B, B %
LI 2% T W 85 110 3 YT T v o 0 20 V0 R 230 2 T A T v 1
Y e R KT 80 pmol/L B, Bl 4 1L 2%
Y BE 1 32 W T v R T AR R R e T R R G2 1B B AR
oA, iR LS B R R R 2 R AE AR B s E
PR S L L2 T i A8 Ak e g A B K T o L R I
% 93 6T 7] 2 T R SR 1 R ) R T R

Ly 2% T3 R H T 28 B AR T X i 4 W T AR R 1 5
A AN 2 s, YA R 80 pmol/L M B
R B — S I, B LA T R R ) 3% T v L R W T
FER RS T & 5 FEAR A B, FEM R Rkl 80
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CTAESR %P

Glucose consumption rate/%

=

B:quercetin/(umol/L)

68

T T T 1
88 94 100 106 112

A:kaempferol/(umol/L)

P12 T R A B 2% 5 A T X ) 2 R 3 A e T I T P D 4 g £k 1

Fig. 1

sumption rate

Response surface diagram and contour chart of the interaction between kaempferol and formed quercetin on glucose con-
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Fig. 2 Response surface diagram and contour chart of kaempferol and quercetin interaction on glucose consumption rate
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Fig. 3 Response surface diagram and contour chart of quercetin and quercetin interaction on glucose consumption rate
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Study on Hypoglycemic Effect of Flavonoids Active Component
Compatibility from the Leaves of Dimocarpus longan Lour. in
vitro

LIANG Jingchun'?,HU Jue'”, AN Shijia'* s ZHENG Piaoxue'”,LU Chunlian'*,

LIANG Yanli"*,CHEN Mingwei' ", LIANG Jie'"**" "

(1. College of Pharmacy, Guangxi University of Chinese Medicine, Nanning, Guangxi, 530200, China; 2. Key Laboratory of TCM
Extraction and Purification and Quality Analysis in Guangxi Universities, Nanning, Guangxi,530200,China; 3. Guangxi Key Labo-
ratory of Zhuang and Yao Ethnic Medicine, Nanning, Guangxi,530200,China)

Abstract: Based on the hypoglycemic activity in wvitro, the compatibility ratio of kaempferol, quercetin and
quercitrin of flavonoids from the leaves of Dimocarpus longan Lour. was optimized. The insulin resistance
model of HepG2 cells was established. The induction of insulin resistance model by different concentrations
of insulin and different induction time was investigated. The dosage of kaempferol, quercetin and quercitrin
was used as the investigation factor,and the glucose consumption rate of insulin-resistant HepG2 cells was
used as the index. The star design-response surface method was used to optimize the compatibility ratio of the
three. The results showed that the optimal condition for establishing the insulin resistance model of HepG2
cells was 1 X107 mol/L insulin induction for 24 h. The optimal compatibility ratio of kaempferol, quercetin
and quercitrin in vitro was kaempferol 105. 0 pmol/L,quercetin 78. 9 pmol/L and quercitrin 194. 0 pmol/L.
The fitting equation of compatibility ratio optimization test was Y =20. 94+ 1. 55X A —0. 44X B—2. 05XC—
0.66XAB+1.68XAC—1.53XA"—3.2XB”*—2.68XC”?. The combined use of kaempferol, quercetin and
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quercitrin predicted a glucose consumption rate of 21.52% in HepG2 cells,and the experimental value was
(21.05=+0.52) %. The optimal compatibility ratio has the highest glucose consumption rate and better hypo-
glycemic activity for HepG2 cells, which could provide scientific methods and experimental basis for the effec-
tiveness of D. longan Lour. leaves in the treatment of diabetes.

Key words: the leaves of Dimocarpus longan Lour. ; component compatibility; kaempferol; quercetin; quer-

citrin
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