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relationship of blood-activating and stasis-resolving

ZHANG Meng!, DENG Jia-gang' >3, WEI Wei'- 3, HAO Er-wei' 2, QIN Jian-feng'-2, XIE Jin-ling'-2, QIN Hao-
1i':3, LIANG Yu-ying" 3, QIN Zhu-hui"3, YU Liang-chen'-*, HOU Xiao-tao" 3

1. Guangxi Key Laboratory of Efficacy Study on Chinese Materia Medica, Nanning 530200, China

2. Collaborative Innovation Center of Study on Functional Ingredients of Agricultural Residues, Nanning 530200

3. China School of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530200, China

Abstract: Objective To establish the fingerprints of Malus doumeri, determine their pharmacodynamic indexes of blood-activating
and stasis-resolving of various batches of M. doumeri, and explore the spectrum-effect relationship between the chemical components
of M. doumeri and the efficacy of blood-activating and stasis-resolving. Methods The HPLC fingerprints of 18 batches of M. doumeri
were established. The pharmacodynamic indexes of blood-activating and stasis-resolving of different batches of M. doumeri were
determined using rat hyperlipidemia model, including high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), serum total cholesterol (TC) and triglyceride (TG), hemorheology index and so on. The partial least-square
method regression (PLSR) and grey correlation analysis method was used to explore the spectrum-effect relationship between the
chemical components of M. doumeri and the pharmacodynamic indexes of blood-activating and stasis-resolving. Results HPLC
chromatogram of M. doumeri was established, six common peaks were identified, and two common peaks (chlorogenic acid and

phloridzin) were calibrated. The experiment of blood-activating and stasis-resolving showed that there were significant differences in
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pharmacodynamic indexes among different batches of M. doumeri. Among the six characteristic peaks of M. doumeri, peaks 2—6 were

positively correlated with HDL-C, peaks 1, 5 and 6 were positively correlated with LDL-C, peaks 1 and 5 were positively correlated

with TC, and peaks 3 and 4 were positively correlated with TG; Grey correlation analysis showed that the chemical constituents

represented by peak 3, 5 and 6 had a certain correlation with the efficacy of blood-activating and stasis-resolving. Conclusion In this

experiment, the fingerprint of M. doumeri was established, and its spectrum-effect relationship was studied, which provided a certain

reference basis for the clinical rational use and quality control of M. doumeri.

Key words: Zhuang medicine; Malus doumeri (Bois.) Chev; fingerprint; cluster analysis; principal component analysis; spectrum-

effect relationship; chlorogenic acid; phloridzin
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Table 1 Source of M. doumeri samples

G 2 AL 7R AR P 2 AL 7R AR b AR
GSZG-1 P iR E RN GSZG-10 P I aRE I T

GSZG-2 P T PEHE GSZG-11 P T4 BN B
GSZG-3 P I GSZG-12 P T4 BN
GSZG-4 R =S GSZG-13 P I RIME =S
GSZG-5 R IR REH R GSZG-14 RS i e N St
GSZG-6 R WMRFATEZE G EFRD GSZG-15 S P & RS

GSZG-7 P TP B A R B GSZG-16 P TP AR B A
GSZG-8 P PN B GSZG-17 P i MRS

GSZG-9 P YIS T R R AE R GSZG-18 P IR RN L
PR R R RS AN E AR E . 3 DUEIE&AE, HEEAE 6 Ik, REERE, A&

YT PR RS O E RS, AmitE
oK, 10h JeHE/14 h 2B, HE 21~25 C, B
30%~70%.
2 HkE
2.1 #EYEIERYELL
211 k&4 AiEAE Y H L BETASIL Cis
(250 mmX4.6 mm, 5 um); WEIHNIEE (A) -
0.1%M52 (B), YEliBhEE: 0~3min, 6%~12%A;
3~18min, 12%A; 18~20min, 12%~19%A; 20~
45 min, 19% A; 45~53 min, 19%~28% A; 53~
60 min, 28%~30%A; 60~78min, 30%~60%A.
A E 1 mL/min; #£i7 23 C; Kl K 285 nm;
HEFEE 10 uL.
212 M TIEmR RIS &  REME LM
AR GEes Hif) £ 1.0g CH#IZE 0.0001g), &
BEEMEEHT, N 70%H B 20 mL, FR5E &,
#BA 1h (500W. 50Hz), HUHBRE, #ME kK
&, 1 0.22 pm FALIEML, R R .
2.1.3 XTSI IIES  BUE RS . MR E
TR, REERRE, AR EER T 10mL &
S P IR AR R VAT, B AR
T2 MR 25 0.05 mg/mL H¥ S X6 I8 AR
214 Tk
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“2.1.27 TR ik A W, TR 2,117 T
RS, LA 6 K, KRERNE, HEEIA
g e T K% F B Bsf 1] RSD {H

(2) HEEM: U IEZ5H (GSZG-1), %M
“2.1.27 BT 7k A 6 R I, FR 2,117

A e THI R K AR BE R[] RSD {H .

(3) RuEtE: WU IS (GSZG-1), %
“2.1.27 TUR 7 iEfl s i, 8 “2.1.17 T
A, IAE 00 2. 4. 8. 12, 24 h INFiEkE,
SRAEE IR, TR AT VAU T R S fR B B 1] RSD 1L
2.1.5 RGBS RARRUE Y B 18 kil
WEZ58F, KM “2.1.27 “2.1.37 TR I iE AT I T )
Fo F% 92107 TUNEIS AR, 0k
Bl K “ 2y e fe st B AL VR 248 (2012
RO AT 43 MT . SR SPSS 23.0 Hidf - A ik
BT IR
22 GHEIILIRZANEAR
221 FRVIRHMERL  2%HE EE . 10%5E 58 10%
KM 0.5%MHEREN. 77.5%IE R .

222 JTIIMEZEREE 10 LTI R (GSZG-
2. 3. 9. 10, 12, 14~18, [ 1h# 1~10) 10 £%
H/KFE 2h, JERE, Z5W0N 8 fiFE/KREIZ 1.5h,
W2 RIEIE T, AR TRAE, &H.

223 EARAMMITAWME S KB ARBKET 50~
60 CKIBEATIH, WL LF 48 RN K 5 28 18K 1%
501 KIBENE ;s PR SR ARARTT A 2 R EE ok R
K5 0.5% LA 4E 2B % (1mg © 1mL) E
BIRA, T 37 CRMIMMZE TR, BCH R
BEIREEN 1 mg/mL B EARAR T 257

224 JEMALHSLE 104 R SD oK BRaE Nk
R 7d, ERTRBENL X R BRI PHME
2 CGEAhyT) H. AFE#GR)TIE OTlE 1~
100 2H, &2 8 H o Bioxsd RZH K BV DA LA R A1
HASHRKRIFE L SRR, SRKREEERN
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25 g/d. ANFHER ISR AR ig 4425 1K,
UFIEN 10 ghkg, FHMEZAHRER ig 4525 1K,
BUFEN 10 mg/kg, IR AR KR AR ig
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2.3 EHK AR
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(XD, 73 3HLA% 2540 HDL-C LDL-C. TC. TG & &
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e g (R), WK 1. AR4EFSHEE A ()
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R W H . DINIRIRAUEIE NS, 115 18 41k
I ILABAHALRE , 18 L) LA 245 A AR B BEAE 4 0.200~
1.000, S5IABAAUEAE 0.717~0.985,

3.1.3 EROH K ISHUARR T I 25 1 6
I I A E AR &, N SPSS 23.0 i
WA, REARGEEDE, AR IET e
AT, AFEIT LM RS, Wl 2 Fs,
DARRRPEES 15 B35, ¥ 18 it it N3 35, &
1~15. 17 #0136, 16 B MK, 5
18 k53 8 T 2K

3.2 SEMURANELER
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LA ) K BRI AR 2 P A S M AN, 7 2257
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Fig. 1 HPLC of control solution (A), reference fingerprint
of M. doumeri (B) and fingerprint of 18 batches of M. doumeri
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Fig. 2 Cluster analysis of 18 batches of samples
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Fz2 MEXKRMAREFIEREIFM (X+s,n=8)
Table 2 Effect of M. doumeri on hemorheology in rats (x+s,n=8)
a3 215 /(mPa-s) WRFEE IHREE 2HREE  ZHRAH AT FE L (mPa-s)
200/s 30/ Ifs (mPas) i EX [/(mPa-s) &) 1) )
I 5.024045™ 6994063 3136+295" 1424015 6251017 429£0.12° 0574006 22.36+345" 499£0.75""  3.58+0.54™
b 4204028 5931041  2735+245 1.50%£0.10 6.49£030 4451021 0.60+0.04 1837+2.04  3.98+0.38 2.8310.27
2y 4434025 624£034  2883%157 1504018 6501016  4.46%0.11 0.60+0.07 1947+2.00 4224043 3.00+0.31
FIUE 1 4244031 5954048 27.31£297 1514015 6431029  4.41£020 0.60+0.06 18221262 3971046 2.8310.30
g2 4234024 5924031 26.73E1.64 1681048 6324028  433£0.19 0.6710.19 17.04+326  3.70£0.72 2651051
g3 4014029 5584044 25.03£2.67 1551015 6251040  4.29£027 0.62£0.06 1624+223" 3621043 2601030
[Tl 4 4102046 5712047 25751424 1461006 6431190 4414130 0594002 17.60+2.86  3.90£0.27 2.80+0.29
[Tl S 412£008 5784027 26501162 1734037 6431024 4414017 0.69£0.15 15.87+3.10°  4.89%5.08 2471049
[Tl 6 440£029 6121034 27361194 1484012 6.24+052 4284035 059005 1855+1.78 415037 2.9840.29
[T 7 4294027 5924035 25674192 1514020 5974027 4.10£0.18™  0.61£0.08 17.16£2.03  3.97+0.52 2.8840.39
IS 47420377 6452049 26904295  1.54+0.18 5.6910.527 3.90£0.36™  0.61£0.07 17.74£3.15  4.25+0.63 3124045
[Tl 4561035 6202040 25841142 154+0.11 5.6910417 3901028 0.61£0.04 17.03£1.68  4.08+0.34 3.004+0.25
I 10 4494042 6162051 26374210 1.58+024 5.90£0.53 4.0540.36" 0.6410.10 16981267  3.96%0.58 2.894043

H5EAMALLE: "P<0.05 “P<0.01 "P<0.001, &3 [
*P<0.05 "P<0.01 "P<0.001 vs model group, same as fig. 3

(200/s)« 4=IMZGE (30/s) 5 1LAE 9 A4 A,
B (200/s) &SR (P<<0.05. 0.01).

322 Tl s K R MR DU I R %
KRR MDY Ar WA 3. T =i ai R
N, SEERALE, BRI 1L 2 HAh, HRH®
4K HDL-C & &34 A NFEREEM R (P<0.05.
0.01. 0.001), {EXf K LDL-C mig/N, 1l
1. 3. 4. 8 KR LDL-C FEME R (P<
0.05. 0.01); FHLK ™ ILFELA 2541 K TC B %

ik (P<<0.01. 0.001); BJ7ihith 3 4H4h, S4254H
K TG 8 Z K (P<<0.01. 0.001). AL I,
ANEHEE R LA 35 B AT A [ A P 3 AL SR T 28
3.3 EMKRIARLERIC

331 PLSR Jj#% [ & v, ;N HDL-C &, &
STFEN Y1=-0.091 0 X;+0.152 4 X>+0.478 4 X5+
0.075 1 X4+0.198 9 X540.212 5 X, HA1 2~6 58
I EE RECHIE, BIE HDL-C & 2IEM, 1
SN R, AR Y, N LDL-C & &, 57

F 3 B KR MAS IS FREIEM (x+s,n=8)
Table 3 Effect of M. doumeri on four indexes of blood lipid in rats (x +s,n=8)

2H ) HDL-C/(mmol-mL™") LDL-C/(mmol-mL™") TC/(mmol-mL™") TG/(mmol-mL™")

X i 0.58+0.07 0.20+0.11"" 1.45+0.10"" 0.41£0.05™
it 0.52+0.05 0.44%0.10 2.23+0.36 1.14+0.08

BH P 24 0.69+0.12 0.39+0.13" 1.07£0.13""" 0.68+0.10"™"
]l 1 0.53+0.11 0.27+0.11* 1.15+0.25™ 0.85+0.23"
T 2 0.50+0.11 0.3740.12 1.50+0.31"" 0.87+0.11"
JolE 3 0.67+0.12" 0.31+0.07* 1.36+0.28™" 1.114+0.27

]l 4 0.65+0.03"** 0.31+0.06™ 1.54+0.25™" 0.77+0.15"*
]l s 0.61+0.03"* 0.42+0.17 1.22+0.04"* 0.82+0.11"
]I 6 0.84+0.09"** 0.354+0.18 1.17+0.15™ 0.714+0.13"*
]l 7 0.78+0.08"** 0.48+0.51 1.2940.14™ 0.924+0.13"*
JTIlE 8 0.96+0.14™* 0.28+0.14" 1.18+£0.23"* 0.92+0.18"*
JIlAs 9 0.98+0.29"** 0.3740.08 1.30+0.19" 0.66+0.20"
Jih#E 10 0.61+0.12* 0.40+0.09 1.4740.25* 0.78£0.12"**
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JFEN Y2=0.137 7 X1—0.521 9 X,—0.091 4 X;—0.111 6
X3+0.546 0 Xs+0.149 8 Xg, HH 1. 5. 6 5 (hifig
A RHCNIE, EIS LDL-C 2IEAM, HA&WEN)
S, AR v, N TC &8, BN HEN V=
0.241 0 X1 —0.046 5 X2—0.202 5 X3—0.056 0 X4+
0.0224 X5—0.184 1 Xo, FHiAt 1. 5 5 iRl = R %L
RNIE, BIS TC & 2 IR, HR SN2 A,
RAS & Yo N TG &, @ RN Ya=—0.118 1 .X,—
1.761 5 X,+0.625 3 X3+2.330 0 X2—0.847 9 Xs—
1.1004 Xs, A3, 4 S5 @aiEgRIARECNIE, Y
TG FEEIEMR, HAR SN 2 A,
332 KEKEE RAWMEEE 10 #t Lisr
I g DY T 4 5 A W T AR g a3k AT )3 — Ak Ak
FROS-161, g )3 — Ak J5 14 1A DY Tl b 152 BN BT 51
Yoo 6 NEHEE—ESRIREEANTTFIN X
G BrILHIEGRS 1. 2. 3. 4. 5. 6), RFitHE AL
F 5 F Y RO R R B [Ain> A= (Aikmin T
P X Abkmax)/(Adjmax +p X Afkmax)]» Hr A= |Yi—Xi
DRI p 9 0.5, A BEFSMERISCHRE . 4Rk
FERT 0.8, WIFRREEFA S 18 RBREERCR: 24
KERENT 0.6~0.8, WIFRRHRIE—MH: 4
KEREE/NT 0.6, WIFRIR & RERFERU/NT, R 4
AL, 5 L I T PO BT AR DT R A FH OGIR B ROR
kg R 3. 5. 6 Sailkig, HHELS ILEE
ML B R . 55 PLSR 0 #4455 4
BT, AT 5. 6 S UG 5 i v Ak 74
RIRERRI IEAR G g, R 32 B H AT Ak
YER, % RS UG B0 B 140 R F o0 3k 5 33k — B IR
R
4 g
41 B9 EE

TS T T IS A B R S, iR YRS

R4 LSRN ENEFER » 5SHMIEIR IR & KK E
Table 4

components and pharmacodynamic indexes of M. doumeri

Grey relational degree between characteristic

LA AupL-c AipL-c Arc ArG
1 0.7820 0.793 1 0.796 8 0.738 8
2 0.683 8 0.709 6 0.7313 0.724 5
3 0.886 9 0.8202 0.8257 0.796 6
4 0.705 2 0.7155 0.7452 0.751 8
5 0.8520 0.869 1 0.862 4 0.843 4
6 0.840 1 0.8850 0.868 1 0.8326

RGBS — =R . RS 5 4
R R 2 R e R 4R SR S I AT AR 4R
B, STshA (FREE-/K. FEE-0.1%BEER K. -
K CHE-0.1%BEIR /KD AT H %2, K LIE-0.1%0%
R KBt Be 1 hr, i oy BT SRR Ah-n] W
I3 M 200~400 nm P KR XS Lk 258 FE
a A TEI, 285 nm WK N HIGHER 2 AR
BT T %%, RIWERAE 20~23 CRH4r 5% JRiT,
TR W)y B R 22 s XHARRR R SRR E
S HMERATT B, KBREL 08~1.2
mL/min, FRIRFELE 0.8%~ 1.2%%F (it 4o i I 5
WA o SEEG O SR EUT 1 SR AT 7 %5, KRIAIR
BV FE (T I B B 0 22 S, (R REVR FE LA S U
Se4r, FPEEEEMIE, IR EAZR, ®EH
7SS T 2008 N 70% FE Itk 75 HE L
42 YR

IS R 2 o A B A, DU P T T 2
W, HiAERKREE S, SECRFEPHZ M AH
ZE5e e, AU AR AR BV 1L () 2 MR AR 24
¥ (GSZG-2. 3. 9. 10. 12. 14~18 #tt) HHATZ5%%
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