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Study on the Hypoglycemic Activity of Different Components of Quzhiqiao in Vitro and Analysis of Four
Flavonoids

WANG Xiaoxiao', WANG Siwei’, FANG Yuejuan3, HU Zefu’, ZHONG Songyangz, LOU Lijunz*(].Quzhou
Institute for Food and Drug Control, Quzhou 324000, China, 2.Quzhou People’s Hospital, Quzhou 324000, China, 3. Women and
Children Hospital of Quzhou, Quzhou 324000, China)

ABSTRACT: OBJIECTIVE To study the hypoglycemic activity of different components of Quzhiqiao in vitro and clarify the
content of 4 flavonoid compounds in each component. METHODS The flavonoids with different polarities were extracted and
separated by system solvent method, their a-glucosidase inhibitory activity were demonstrated by inhibitory test of a-glucosidase
in vitro, and their effects on the glucose consumption of HepG2 cells were also investigated. An HPLC method was established
with an Agilent Zorbax SB C;g column (250 mmx4.6 mm, 5 um), acetonitrile-0.02% phosphoric acid solution (20 : 80) as the
mobile phase, the flow rate was 1.0 mL-min”', the detection wavelength was 280 nm, and the column temperature was 35 C.
Finally, the content of rutinine, naringin, hesperidin and neohesperidin in different components of Quzhiqgiao were determined by
external standard method. RESULTS The components of Quzhiqao had a-glucosidase inhibitory effects, their order of
inhibitory activity was: n-butanol component[ICs: (0.033£0.010) mg-mL™'][>methanol component[ICs: (0.092£0.006)mg-mL ™' J>ethyl
acetate component[ICso: (0.170£0.014)mg-mL™"]>chloroform components[ICs: (0.509+0.070)mg-mL™"]. The methanol component
and n-butanol component of Quzhiqiao could significantly promote the consumption of glucose in HepG2 cells and the
differences were statistically significant (P<0.05). Through methodological certification, the parameters of content determination
method were all in line with the requirements. And the experiment found that each component of Quzhiqgiao was all composed of
rutininenaringin, naringin, hesperidin and new hesperidin, and the n-butanol component had the highest content of flavonoids.
CONCLUSION Each component of Quzhiqgiao all have good a-glucosidase inhibitory activity, and the inhibitory effect is
enhanced with the increase of the concentration of flavonoids in the components. Simultaneously, the higher content of
flavonoids such as methanol component, n-butanol component and the ethyl acetate component all have the effect of promoting
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(0570)3055197 E-mail: 405480069@qq.com
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the glucose consumption of HepG2 cells.

KEY WORDS: Quzhiqiao; flavonoids; a-glucosidase; HepG2; glucose consumption

W WL EHAN Citrus changshan-huyou Y. B. Chang
TP T WL N X, Sy KA A R A
REFRMEBHEYA[C. grandis(L.) Osbeck]5
FIFE[C. sinensis(L.) Osbeck] 1252 i At 2016
8 A, HLIEAA I TR AR SR S DL R e
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Mg BRI S5 Tk, 32 B o o R M LA
TR A A,
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P BRI FE TR B 254 B AR fRE T BE E SR B Al
1 NEE5RG

MR-4100 B R4 (3% E Dynatech); Beckman
coulter AU 5800 4= H A4k Agilent 1260 14K
WOAH B Boml DY o R . RSN, B
B FEAR . RE BRI R I g . AR A A
Chemstation LAEui; RV 10 ek 2% A (12 [
IKA); XP 205 B R°F-. ME1002E 2 H1 1 R~
(MR R 2): HH-6 AR E BB (ST A
Hi /R 28 FRAF]); Scientz-10ND 7538 £ I &7
VR T RALCT 0T 2 AR R B 0 A R A #D ) s
SK5200HP ZYHA 1 5 e 2% (g R} T 75 A 88 A TR
A7]); TANKPE030 %l /K ML E B ™-D).

TR UK eh B M B L 265 PR A F 4R I
FH 787 ) 1T 6 i 243 AR 36 T 9 Bt AT P 24 0T AR 1)
Y oM HETF RIS . L27MT7Y15355). HifE
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RS Z31J6L20067, & H: 98%). =7l
B 5 : P29M6R4, 7 H: 98%). Ml H L5
K21F3C1, % 98%). XthgFEKI-a-D MR
i PET/pNPG(lL 5 : KO4F8B28175). [l I b (it
i Y22S6Y17791) &M B FigIRM AR A
BRAF] s B8 R (P B A 24 A e i A b, i
110721-201316, & & : 95.3%); A T 4 f tk
HepG2(H E Bl 5 1 i 40 i A= ¥ =0 55T )s MTT
STt 154 5 % 40 A B PR AS R R (R  fE A , Hit
5 09126C56); Fi4iHE GLU 2 7 & (S
B L) EHERHEED TREBO AR AR, #t5:
20161112); BEER. UKESER. HEE. M. 4R 4
fe. ETEE. &%, RO ek, e
BIR o4t
2 Fik
2.1 HRRFEAS FIAR AL A (B S 4 B

KB R T oK 135 g, i =50,
H T2 000 mL [F LI, NFHEE 1 350 mL, 75 C
IFEIR 2 b, ARG, SRR 4 S, ek
FHEE, HLAF 3 5 A gifb/K 100 mL, 451
METE. ZREMEHER 3 KN
100 mL), UEESAEBGR, B ATHA: &ia,
FIRTRE D BKERIE, AE TR EER
HT e, BRFEAS. ETEAY. &
B O o S H o, &
2.2 o AT BB A AR 56

B “2.17 TR ) 4 1) & 4o N /b & — R
TEHA(DMSO) A J5 » F pH 6.8 [ R 35 22 1Pl 43
59 B B BRI 9 1,0.5, 0.3, 0.2, 0.1, 0.05 mg-mL ™
VE AR o AR 388 W5 1 S BH P X R

THEAXNM: 7E 96 SRR 10 pL
W(1 U-mL™). 160 uL B 0P (pH. 6.8), 7E
37 ‘CJ% % 10 min, A 30 uL pNPG(2 mmol-L ™,
WEIR Eh 2 R L), OB 10 min J5, W52 405 nm
AT E (A we)s 25 AL FERBFLAFAR I
170 pL R EL 22 ¥R, 7E 37 'C B 10 min, JIA
30 pL pNPG, XN 10 min J5, WI5E 405 nm AL
WA wen)s FEMZSE: TERBALHR NN
10 uL BV 60 puL BEIREEZ2 M. 100 puL 2597,
£ 37 ‘C)R M. 10 min, A 30 pL R £h 22 i,
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S 10 min J&, W€ 405 nm Ab TG RE (A waaen)s
FEfh: BN FLAAKR AN 10 pL B 60 uL %
R Eh 22 . 100 puL 259, ££ 37 ‘C M 10 min,
JIA 30 uL pNPG, B 10 min J5, Wll%E 405 nm
b PP P (A o) DA B FTARE S R 2 1 RON 35
23R, BCFMEAE N SL 56 5E -

BRSO o-F TR R A3 2 2 =(A s
A wpee) (A pea—A veneee) (A miA wee) X 100%; F12
SPSS 17.0 115 ICs A
2.3 HepG2 4 fifg 33 5 k6 0]

NI HepG2 dlifflutk &, 578 T8 10%/164F
%, 1%M LK DMEM £ 3884, BT 37 C 5%
CO, ¥ %4, HERKEEIL 80%)5, FEE AREH
th, 1 3RE59%. B “2.17 TR & 4l5 /b &
DMSO #fi#ia, F4IIE: 77 355 R 22 9L 50 i /R ik
B, A ALuERE, &H .

HepG2 4HfL A PBS Peik 2 k)G, W EEETH
1k, WA 500 g, 4 CE0 3 min J5# % Bk
W, FHSEaR s R e Bk, LA
100 pL , 46 AR A8 A5 DU 40 B 1 %5 B2 & FL 1 000~
10 000, 49T 96 fLAH a7t , BT 37 'C 5%
CO, B 7R RE 97 . 24 h 5 305 A M AR AN [F) 26 95
fl¥s 7%, 4> 10, 30, 50, 100, 150, 200 pug'mL™'
6 MK, BMNKER 6 L. §9% 24 h J5&ALIN
A 10 uL MTT et i, THFRFP4REIEFE 4 he
&AFLINA 100 pL Formanzan & @, & THEIK L
PR 30 min, T4 AETEM, BN K
570 nm)MRGAE . [FIRS 3 B RALOE TR MTT
Yetii . Formanzan &), XTHEFL(EIME. 259
BIEAN R 553835, MTT J4ft9% . Formanzan &
FAA) o
2.4  HepG2 4H i %5 bl I #EAS I

S84 HepG2 41411 IR HepG2 414 2
3T . HepG2 AUMIZH /A AR EEL /40, IET
WL . R OB HAAT A 45 IR
HepG2 441 MR, B g HIEIL . izl
Sy, IETEEASH. 28 ER4 S AR E A
534 . HepG2 44 73 7l i N — & = A A AR 5 H
WAy IETEE4Ly . 28 ZEe4L 7 M o
% 100 pg-mL ™' (R [A]); IR HepG2 4H g 2H 4 510
NS E 10 pgmL ™. EHRE 10 pgmL ™ P
Ff 20 pgmL™'y JEHE 10 pg-mL ™ FHEEZH 2
100 pgmL™'\ JEHE 10 pgmL™" FIE T ELZH 5
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100 pg'mL ™'\ JESE 10 pg-mL ™ A28 2 a4 4
100 pgmL™"'. BESE 10 pgml™ A0 4%
100 pg-mL ™", [F] I 5 B 0T IR 4L (IE % 55 97 38 b e 23
HAE IEH RN TLHMIL), FHK 3 ANEL,
TRIFFETEFE 24 he FES A LiEwR, T
A H B AESON i EIE R R R A .
B B S R B = 1 K T 2 R S B R A B %
BYHE RIS R
2.5 AR FEAS AR 4 43 P S A R R o e D
251 ik % Agilent Zorbax SB Cyg #E
(250 mm X 4.6 mm, 5 um); ViLEIAHA ZE-0.02%
BT K VAW (20 - 80), iE N 1.0 mL-min~', HEFE
PR 25 ul, KIS K 280 nm, FEE 35 CPL,
2.5.2 RAN RIS KSR AR U R R
SR R RIS 24.33 mg A1 19.57 mg, E[F—
20mL &I, N 20%ZEE R E R, 1ENIR
GRS 1y TR R B S A R R R
8.65 mg FIFE 74 4.75 mg, B [H— 50 mL &=+,
I 20% G E IS, 251, fENREX R
W 26
253 BRI EIE o ks R AR EUE T BT
LR OB A BEFREUZ) 20 mg, B 100 mL &=
o, A HEEUIZ) 100 mg B S mL &I, I 20%
LIEHMITER, Y, RIS,
254 kLR

LR RH 5 K% = HUR G X IR 1
A2 % 3mL, B 10mL 2IEF, N 20%ZKEHRE
B, B, AEN LB RBEBI LR
W, SRR 10 5. 50 5. 250 fi5F1 832.5
fEHIR L2y L3 L4 A LS ¥ Ha s s i -
B LI~LS 4% 25 uL, FENBHBEA, %
“2.5.17 BT EE &S, il R Ak,

QN H EF e R W L2 Bl
25ul, % “2.5.17 WUN SRS R 6 IR
FHRAE 0, 4, 8, 12 F116 hillHAett, i3k
kg, 115 RSD.

@B 50 K & PRI BE2H 53 0.105 31 g,
B 25 mL BHF, N 20% B E R R E L,
FRE), ) RE S A A . TR R R A i £ T
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@FEFVESLI . R % RIS i &) 2 mL,
B 10 mL #IEH, IH20% L5 e, #E. 1T
H#% 6 M, % “2.5.17 TN AT IR,
hsg kg, TFE RSD.
2.6 BuitEar

FT A HE ¥ ) SPSS 17.0 Gi it 8 34T AL B,
IO X 5 Fow, MR ZRI% T Z SN i
55, I H BN 3 VR I A N EL L, DL P<0.05
NEFHAG G TR Lo
3 R
3.0 EARFER AN o A KR B G S0 A VR

BT AR 5 45 SRR 20 4 35 EL A B o] 5 R
TP RAE T, EL ) 1 B A 2R B ) T e
FEm s A0 8 55 0T O E T B 4 43 [ICs
(0.033+0.010)mg-mL "> {2 43 [ICsp:  (0.092 %
0.006)mg-mL™"']> Z. R Z W8 41 43 [ICso:  (0.170 %
0.014)mg-mL™']> & 5 41 4 [ICso : (0.509+
0.070)mg-mL™"']. &5 WK 1,

B el IR S%i
= E RS

50 = LR OBRALSY
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Fig. 1
components of Quzhigiao
3.2 AHSEE LN HepG2 4 A % 5 VH A 52

MTT Z5RE7R, AR A 52 4 20 X
HepG2 4 i 8% 5 S Al JC B S som, WAR 15 HEAR
Fe Moy AT R HE HepG2 4 i 47 b 1 #E 101
M, JCHIET Ay MPEH B E. SXIHA
EeEL, IET RSy WEEA 7 F LR L ER 4L 73
&N FERAT ST 2 57 (P<0.05), SR ILE 2.
3.3 TNEHFHEELGR

DA% X R it S B2 () AR AR AR, 50 HR i
T AR AR FR HEAT S Ak 1015, 4 ML S Pk [m]
FTREIAR 3, ERVER R REF(>0.999). HIZE 4 1]
R, SEANRCE . MRCER R R AR B N
MM AE 16 h ARREME R, ERMEERE, U
L IjiERa etk Rt

a-glucosidase inhibitory rate of different polar
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R BB A L 3 HepG2 40 L3 78 B0 98 (n=6, X +5)
Tab. 1 The effects of various components of Quzhigiao on
the proliferation of HepG2 cells(n=6, X £5)

9 W JE /ug-mL ™! WGP (4)

X BE 4L 0 0.863 3+0.032 8
10 0.895 5+0.001 6
30 0.862 2+0.005 4
50 0.856 1+0.033 1
AL A 100 0.855 0+0.193 7
150 0.862 0+0.004 7
200 0.848 6+0.026 7
X R 0 0.843 4+0.060 7
10 0.830 0£0.024 3
30 0.844 1£0.022 6
50 0.822 240.009 5
ETRASH 100 0.812 5+0.049 4
150 0.844 9+0.050 9
200 0.833 3+0.050 3
X R 0 0.908 3+0.096 4
10 0.913 3+0.051 7
30 0.905 0+0.034 6
. 50 0.957 7+0.026 6
LBzZEAnH 100 0.908 5+0.023 4
150 0.847 7+0.027 2

200 0.795 2+0.018 4"
SRR H 0 0.816 2+0.022 1
10 0.779 9+0.000 6
30 0.758 2+0.043 2
p 50 0.768 5+0.009 9
R 100 0.760 3£0.025 7
150 0.761 1£0.021 9
200 0.762 0+0.009 2

TE: Gaiadlbs, "P<0.05.
Note: Compared with control group, "P<0.05.

F* 2 EREEL N HepG2 40 fa s 2 4EN 8 B H»n=3,
xts)

Tab. 2 The effects of various components of Quzhigiao on
glucose consumption in HepG2 cells(n=3, x=*s)

45l [ F/pg-mL™ AR FE & /mmol - L
X HEZH 0 2.06+0.08
F A S 0 2.91+0.18"
IET RS 0 2.84+0.22"
LR TR 5y 0 2.60+0.19"
BNl 0 2.06+0.10
TR 10 1.26+0.31"
% 51 A 10 2.25+0.23%
AL 5y 10 1.96+0.16”
E T RE 5y 10 1.98+0.57%
LR B4y 10 1.62+0.18%
S iy 10 1.39+0.19

s S RAE, UP<0.05; SHBALLE, PP<0.05,
Note: Compared with normal group, YP<0.05; compared with model
group, 2P<0.05.

=3 4aMLEHHEE T
Tab. 3 Calibration curves of the four compounds
&) EVEpy r LMV /g
SEFEMETT ¥=2.039 9x10°X+1.344 2x10° 0.9999 0.001 5~0.254 3
M ¥Y=2.384 5x10°X+9.236 2x10° 1.000 0 0.008 3~2.779 9
BT ¥=2.548 8x10°X+5.435 2x10* 1.0000 0.001 6~0.271 6
Wi ¥=2.535 1x10°X+1.495 7x10° 1.0000 0.010 7~3.576 5
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Tab. 4 Results of the stability, precision, repeatability and accuracy of the four compounds

R = s RE G = MFEY=E=4 %0 SP. 4K 2% /0, RSD/%
R ARE/mg FHESINAE/mg  WE 2 E/mg [ i /% SIS ECER % AhE REE REE R

0.330 0 97.11
03305 97.40

EEMBEE 0.1654 0.169 5 giié ; 13§Z§ 98.80 1.68 1.11 0.09 0.54
0.336 4 100.88
0.3319 98.23
21279 99.51
2.1529 102.21
2.1396 100.78

Tl e # 1.205 8 0.926 6 5 166 6 103.69 101.48 2.30 0.93 0.18 0.42
2.172 1 104.28
2.1174 98.38
0.184 5 100.11
0.1832 98.67
0.1829 98.34

P R H 0.093 9 0.090 5 0183 8 99.34 99.19 0.68 1.23 0.40 0.69
0.1842 99.78
0.183 4 98.90
2.159 4 101.80
21795 103.49

WRET 09457 1.1922 2133 f iggj; 102.17 2.68 1.25 0.22 0.58
2.1991 105.13
2.1119 97.82

3.4 WHRGTAFRAEH 7 1SR AR &

g

AR FEA R P 2 A8 2K 3 o R EEA
 21.35%, 1ETHEHD 11.82%, LR OTEH 5

3.09% &5 1.45%; [FIN, 3£ 5 a4,

ZHE=

i)

PAFE A B SR B R AL 7y UL SE R D9, 2 il
B RUHT AR B LR, 25 A il B AR B IR
wJE, ST ER B EH>1S5, R KT fE
1.09~1.21 2 [8], BAT LT AV RURT R4 (1 70 B 1L

LHE 2,
4 The

i SCHRARIE 5 1A o 24 4 2010 4R
WCELIR “ARFE” PETRA LA B AR Ao W Ok 2
M O H L AR A S o BEAT T K R
T, R BUHE LR DA R A R AL
Yo, HAsERE s EEORRHE . BRH
Fgihes O BRI RGEFNE B T
R A FEI A 2y, JFiERE HPLC 5E 1
MR PRBRA G S &, SRKHE
W Feh EE R E Y = F R . M
TR R RS B . % A A PR B

m, HUOREE EE, BIE T R4 S S &
R o
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Tab. 5 Comparison of flavonoids’ content in different

components of Quzhiqgiao(n=3) %
X HE FREA Sy ETE4S 2RZERAsS & Uids
LERMET 3.92641.45  6.560+0.65  3.611+1.55 0.030+12.62
M 28.62442.28 49.864+£2.06 38.722+2.92 0.172+32.72
P 2.229+2.48  3.754£2.66  1.959+0.08 0.016+23.10
RS 22.45042.14  32.797+4.43  19.250+2.45 0.107+1.96
Pl 54.655+8.31 92.975+7.59 63.608+2.48 0.333+34.20
A z (4 B
| o
dﬁJLg, ,kaLJ_

A

6 8 10 12 14 16

4 6 8 12 14 16 4

10
t/min

t/min
C \2 4 D 2
4
1
;| e
. A L L N A e A~ S\
4 6 8 10 12 14 16 4 o6 8 10 12 14 16
E #/min t/min
2 4
1 \ 3
IL* V\,—/\_/'\‘//\’v/} ‘\, /»\7//\\ _
4 6 8 10 12 14 16
t/min

B2 8 KR & 408 HPLC & E

A-XTR S B-WEA Sy C-IETEA S D-ZMRCBR4Lsy: E-Ei
oy \-EHMBHE: 2Rt 3L, 4B k.

Fig. 2 The HPLC chromatogram of the reference substance
and each components of Quzhigiao

A-reference substance; B—Methanol component; C—Butanol component;
D-Ethyl acetate component; E-Chloroform components; 1-Narirutin; 2—
Naringin; 3—Hesperidin; 4-Neohesperidin.
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U Aok 2 TS IG B FL R B, L AR B A
o AR T B EE (AE . (TR g R B
W Al LA 0 0 R s /N BR IR (R VR, AL AT
BE S oM AIREIF A 0. EHam S5k R
VR S 1 B P SR B RE RS 15 30 3T3-L1 fig
U5 210 PR ) T AT RE B, HE T RE N o~
BEE A — & AR, di) 25 ik B B IEA
Ky ISRy e A VAR, X Uh B LA A
A A PR 1) 4 Ay B BT ) B R D AR,
Hh—LRF TR I, BN 22 b B R Rl o B A PR
MBS o5 FE B R HCPUIME A o Ay iz 7 R 8 1A
MRS, 3B FR 9 R RE R R 23 PR s AR 38
BRI RS BRAe ), BRI T A A
SLIRN 98 i e B, FEIE IS A% PPAR-y 15 518 I 04
32 RURE PRI KRS KA, g )
A1 Agrawal 25U R 7E o, B R R RENS IS INK
55l % DL K PPAR-y {5 538 B 20 2 20 R 97 ik
BRI ARREII R, R R A
AT FE IR BE R, FHLE o] g8 5 H R Y
AMPK. PPAR-o {55 IBESE K. ABFRI, #
PSR SY . IET A S . LR OERH DR
Uit 8 B o- I EFEE A HIEA, R AR
FHEE. IETEMR Ay B2l HepG2
o1 B e B FEROVE A, BB S - H o P s 2R
G & e = s

B, AR ST R TR SR A A ) 3 A
FeH . MR BB SRR Ak, HOH R
il 25 43 2 A H ) o 7 0 R R, T T 4E A
AR IIVER « ARG AE S 5 BT 78 TR,
25 W B 10 R 5 R IR 2L 40 1 PR R A e BL
CAIANG H R R R 2 A e~ 7 SO U B B b 24
VB ORAE
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