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Quality evaluation of Danhong Huayu Oral Solution based on fingerprint
combined with quantitative analysis of multi-components by single marker

TANG Qing, KUANG Yan-hui, LI Wen-shan, LIN Juan, WANG De-qin
Guangzhou Baiyunshan Hutchison Whampoa Chinese Medicine Co., Ltd., Guangzhou 510515, China

Abstract: Objective To establish a comprehensive assessment system for Danhong Huayu Oral Solution (FF£LALHE K ik, DHOS)
through integrating quantitative analysis of multi-components by single-marker (QAMS) and fingerprint. Methods HPLC analysis
was performed on a Waters XBridge Cis (250 mm x 4.6 mm, 5 um) column, eluted at 30 ‘C with acetonitrile-0.5% formic acid
aqueous solution as mobile phase in gradient elution. The detection wavelength was 286 nm and the flow rate was 1 mL/min. Results
The fingerprint of DHOS was established, 18 common peaks were calibrated. Eight common peaks were identified, including sodium
danshensu, protocatechualdehyde, salvianolic acid D, naringin, hesperidin, neohesperidin, salvianolic acid B and salvianolic acid A.
The fingerprints of 10 batches of DHOS were comprehensively analyzed with similarity evaluation and principal component analysis,
leading to the results that the similarity of 10 batches of preparations was greater than 0.9, and the main components affecting the
fingerprint were identified as salvianolic acid A and salvianolic acid D. Furthermore, by using the neohesperidin as internal reference
standard, QAMS was established to determine the contents of sodium danshensu, protocatechualdehyde, salvianolic acid D, naringin
and salvianolic acid B in DHOS. And there was no significant difference between the quantitative results of external standard method
(ESM) and QAMS method. Contents of the six main components above were 3.853 2—4.390 4, 0.264 0—0.425 7, 0.560 7—0.855 0,
0.889 2—1.797 8, 0.754 2—1.091 8, 0.178 2—0.382 4 mg/mL, respectively. Conclusion The fingerprint and the QAMS method of
DHOS were established in this study, which will provide a feasible method to evaluate the quality of DHOS.
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2.1 BREHIE
211 RSER SIS B RM. EILE
. FPHEYER D MR B . FHBIER B 4
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Fig. 1 HPLC fingerprint of 10 batches of DHOS
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Fig. 2 Attibution of characteristic peaks of DHOS fingerprints
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PH R A (18 Fi§),

2.3.7 fRSEIEMAEBUE A SRA ikt
SUEEAUE RN R 487 2012 B 10 4t DHOS
HPLC FRSUEEAT VN, THHE S (B B B R A

LEE . AR FR S0 S o AR SR RE (RD A
BUEB KT 0.90, FH 10 it DHOS MALE B 4T,
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2.3.8 IROUENEAE R RA A
FROUEE AU VP R 487 2012 ROkt 10 it DHOS
BEATREAGR S, 85 b A7 8045545 DHOS HPLC 1§
g A, SR 1 H “R7.

1 10 #t DHOS # @IBILEIFMER
Table 1 Similarity of HPLC fingerprints of 10 batches of DHOS
e FHABLE
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 R
S1 1.000 1.000 0.999 0.999 0.999 0.998 0.998 0.996 0.986 0.959 0.999
S2 1.000 1.000 0.999 0.999 0.999 0.998 0.998 0.995 0.986 0.957 0.999
S3 0.999 0.999 1.000 0.999 0.998 0.997 0.998 0.997 0.983 0.953 0.998
S4 0.999 0.999 0.999 1.000 1.000 0.999 0.999 0.996 0.984 0.956 0.999
S5 0.999 0.999 0.998 1.000 1.000 0.999 0.999 0.996 0.984 0.955 0.999
S6 0.998 0.998 0.997 0.999 0.999 1.000 0.999 0.993 0.981 0.947 0.997
S7 0.998 0.998 0.998 0.999 0.999 0.999 1.000 0.997 0.977 0.948 0.997
S8 0.996 0.995 0.997 0.996 0.996 0.993 0.997 1.000 0.973 0.957 0.995
S9 0.986 0.986 0.983 0.984 0.984 0.981 0.977 0.973 1.000 0.971 0.989
S10 0.959 0.957 0.953 0.956 0.955 0.947 0.948 0.957 0.971 1.000 0.967
R 0.999 0.999 0.998 0.999 0.999 0.997 0.997 0.995 0.989 0.967 1.000
2.4 DHOS 5 EIEEIRBIF R #®2 ERSFHEHERRRGTETHE

2.4.1 PCA ¥ 10 it DHOS F&4r Kl HA e i
HANAS &, 83 SPSS 22.0 Bkt J5 ahE s b
HEAL AL PR, HE4T PCA. DA RO IR 5 07 %
DUHRZE NI ) BARE, AR 3 A E R Y
JE O ——HUREAE(E R T 1 Ry, ANSEEG T
PEEL 3 AN ERSr, 1 EROFHEE N 9.232, 7%
TIHRZEN 51.289%; &5 2 E RN 6.638, R
T Z TR RN 88.165%; 2 3 FMARHIEME A
1.124, BFU7 Z TR A 94.411%. KL s 1~
3 ATLMKER DHOS AR HMMEE, Wk 2.
ZEA RS PCA WA (B 3) AL, PCA HHHRHIEE
ARG oL, B4R B 5 4 A E R IR
1 ANBHERP s, W 3 A E R H 4 b 45 5t
AERE AR DHOS 22 8] AR SR Al 22
P, AL DHOS )i & .

WG R TR A e LR 3, mRApaTsn, 5 1
R EEEERAANEE 1. 2. 5~8. 10, 15,
18; 28 2 REMME R FEEREBREIE 3, 4. 11,
14, 16; 2 3 KEp 5 E B ERE kg 12, 77

Table 2 Eigen value and contribution rate of principal

component analysis

NN WIUHRRFE{E
FRIEE T ETTRE /% RITTERE /%
1 9.232 51.289 51.289
2 6.638 36.876 88.165
3 1.124 6.246 94.411
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Fig.3 PCA scree plot of various samples
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Table 3 Main factors loading matrix

e 5 T 1 T 2 FR 3
1 0.816 —-0.518 —0.093
2 0.819 0.517 0.232
3 0.034 0.948 —0.251
4 0.377 0.898 0.213
5 0.946 0.242 0.154
6 0.915 —0.263 —-0.271
7 0.876 —0.411 0.187
8 0.920 —-0.289 —0.080
9 0.657 —0.553 0.425

10 0.926 0.267 -0.217
11 —0.273 0.872 0.392
12 —0.344 —-0.735 0.521
13 0.671 0.698 —0.097
14 —0.478 0.827 0.283
15 0.832 0.270 0.164
16 —-0.270 0.955 —0.007
17 0.740 0.430 —-0.110
18 0.966 0.010 0.183

3 LA B RIBEE N 0.966. 0.946. 0.926, 4
Tk il 18 CPHIBIER AD . U 5 FIE 10 PHERER D,
B 3 At i £E X 73 A R4 X DHOS i 8L Bl
& REEE

2.4.2 A[AHLKDHOS ZR& VT R & i 3%
fuf 7] 538 DA% 2 B REAEAE I AR AR TH B &4t
RFEM N ER G135, GiRNAR 4. S2~ST 1950 %58
i, HEE RS 45 REEA 5, 28dE ]
PAAE A PP 22 S bRt —

2.5 6 FhIEFRAL ST RN E

251 BMEXRRFHE AR ERK “2.1.17 BUK
PR XTI VAR T (FF2FR N 0.803 0 mg/mL. Ji7
JLZEME 0.048 0 mg/mL. FHHER D 0.112 2 mg/mL.

T4 RRBOHF

Table 4 Sorting meter of comprehensive scores

it ) (S 4 | s (S 4

S1 —0.958 030 8 S6 2.065 581 1
S2 0.549 514 5 S7 1.163 753 4
S3 0.403 703 6 S8 —3.143 630 9
S4 1.614 674 3 S9 —3.143 630 10
S5 2.000 035 2 S10 —0.552 010 7

H R EF 0.154 2 mg/mL. Hi#s E 0.142 0 mg/mL.
FHEYEZ B 0.047 8 mg/mL), fiN 80% FHEEFHEE 2. 4.
10+ 20+ 40 £l A% AR T~V A
JoR B R B (VYR 0ot B R VAR T~ VT TN TR B A
H, 3% €227 TUR A& EAT AT, UG ARAR
SME (V) RHERER OO #HATRIAS, BEFFS
FEN. LA IR D MR BT R
FHRER B 1R T #E RG], 45 50 0 a2
M Y=60 538 X—15 212, r=0.999 9, ZP:ulH
0.201~0.902 pg: J5i )L Y=4276 113 X—6829,
r=0.999 9, Z&VEVEH] 0.012~0.480 pg: FIEE D
Y=1 160 540 X—4216, r=0.999 9, £{4ufH
0.028~1.122 ng; HhEH Y=1 592 783 X—9771,
r=0.999 9, MV 0.038~1.541 pg; FitE L H
Y=1 951 384 X—8696, r=0.999 9, £4iufH
0.036~1.419 ug: FHHE B Y=1351 722 X—5003,
r=0.999 9, ZMHEHE 0.012~0.478 pg.

252 FEEERE FEETRAGR S RIS 10
ul, ESEHERE 6 Y%, 103 HPLC & IS T2 55,
JRJLZRME . PHARTE D RhHRCH . Frds . PHIRER B
W TR FR R RSD 43514 0.43%10.37%+0.33%-+0.35%-
0.42%- 0.53%, Z5RFIPE IR E R I -
253 fREMLE K% &I DHOS (S9), %
“2.1.27 TUN 7 iER & AR SE R, 307 0 2. 4.
8. 10, 24. 48 hf% “2.27 Wi N EHErE, id
S HPLC B, A MSZM. JRILAEE. FHEE D.
MR H S BTRS R PR B IETRIAR Y RSD 73791
N 1.24%. 1.57%+ 1.29%. 0.59%. 2.41%. 0.61%,
SE R R AT E 48 h WERUE -

254 EEMWRAE KFEEI DHOS (S9), %
“21.27T0 R J5 4y Al % 6 AR S VA, 1522”7
TR (3 2 A HERE, i05% HPLC B, 5713 240,
JELASEE . FHBER Dy MR B FHR R
B PR IRE 5375 4.289 4. 0.420 0. 0.840 9.
1.765 0.1.076 0.0.377 4 mg/mL, RSD 43 A 1.33%.
1.16% 1.35%- 1.34%. 1.22%. 1.23%, 45RFEMW
ZITREE LT

255 InFEEIYCRIREE K5 % B DHOS (S9) 0.5
mL, 3L 6 43, 73 IS B IS I Z 38N 2.145 0 mg/mL.
J& JLZREE 0.210 0 mg/mL+ FHBER D 0.392 1 mg/mL.
il JZ HF 0.864 5 mg/mL. Hi 7 1F 0.541 5 mg/mL.
FHEYEE B 0.190 5 mg/mL (1R & 5% HE ¥R 1 mL,
F542.1.2 T F J7 A& KA, B AR 10 mL,
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% “2.27 TUN G FAFNE, tHEMEE R, Wl
BPIS R, FILREE. FHRER D M Bis
K PHER B [ F3 A RIS ER 73930 97.80%
101.34%-+ 102.81%+ 99.07%-+ 99.69%. 90.66%,

RSD 4334 3.09%- 2.88%- 2.35%- 2.25%- 2.87%
3.66%, SiRFIZITERA RIGHINAE R

2.5.6 MXEIIERT (fi) BITHEL 237k 20
AN [R)JR R B IR A R B VTR, 4% “2.27 TR
TR E, Il R A . DTS RN
WhR, B ARXIE £ [fi=4C/(A4,C) (4i AR
RUETHIRR, A, NRF IR U TEIAR - Ci 9 N bR ) o
IR, C AR R ERE ], THEA 2P
ZE. JR)LREE. PHRIR D MK E . PHRER B

FHXS T80 KR (1) frs 239008 3.224. 0457 1.675.
1.233. 1.488.

257 fi BIMEELE S T Waters €2695 I
U30002 51488 EAFSRM. JHILAEE. FHERER D.
MR PHRER B IEIRINZS R, £ AR 5, 25
SBIRE Y £ 1 RSD ¥ <4%, FIIARFL XS %
FRAY frsi T2 R

2.5.8  FRINZH A (G U IR e Ar R 2 TR HOR A 0T
TBSVAWL 43 WIAE Waters 2695 F11 U3000 2 G4 #%
EWE IS AN, JELAEE . FHBER DL kb
KA. PHBER B FIANREME (). SiRERA
[FACERNS £ IEZIRAN K, H RSD ¥J<5% (3K 6),
FEOTRRIE 15 0 & 0 B G IEEEAT 72 £V

x5 TESRERIENE fi
Table 5 fui obtained from different HPLC instruments

ENELNE: s raymmsr s S v Drge s S el S v Bl
Waters 2695 3.224 0.457 1.675 1.233 1.488
U3000 3.122 0.465 1.781 1.270 1.507
A 3.173 0.461 1.728 1.252 1.498
RSD/% 1.61 0.87 3.07 1.48 0.63

=6 AEMLEEtitER
Table 6 i obtained from different HPLC instruments
NEENE  poxmivitsits 1 gousms it 1 yrmym D/t et b bt/ et 1 imm B/t 1 prmm A/gite it
Waters €2695 0.14 0.26 0.88 0.90 1.14 0.14
U3000 0.15 0.27 0.89 0.90 1.15 0.15
P 0.14 0.26 0.88 0.90 0.14 0.14
RSD/% 3.45 1.89 0.56 0.00 0.44 3.45
259 —MZPHE (QASM) SAMMEAMES R KBGO, KIFE RS pH 8K, # Waters

e 40 IEL 10 ik DHOS i Shis i, $42.1.27
TR J725 A A i, % “2.27 TR a4k
PRI E s 53 HRF AMRERT QASM X FFS AN, it
JUAREE. PHBIR D M Bif . MBI B
EFREITINE . g5RER 2 AR R TR E
7 (R 71, KHZ—WZ VL DHOS Z 5585
Jo FE A H N FH S TAT R
3 i

LiE 2k, ARSRBT 270, 286+ 330 nm 3
PR T i B AT 1 g0, ZEREIR 286
nm N EFIEEBRFEE, HBOEEE 286 nm (E AR
B, %57 Agilent Eclipse XDB-Cjs. Waters T3
Waters Sunfire. Waters XBridge 55 /45 [F] 285 (i 4

XBridge O fIEM o BRI LE, HRF M S
iR AL 70 B DHOS W FHINEE D SHliH 2
VIR i, 254 FIRSRIG44E, DI R,
JELASEE . FHRER D AR R R R R A
FHYEE B PHRER A XS ASIE, #iE 7 DHOS
H18 Mg, H UL AXT ISR NS % LT,
10 #it DHOS f& 8U Bl 3 A — 2, AU THE IR T
0.9, 1% 9256 2 37 /) DHOS $i& 40 Bk & J7 % 5
LT,

Mg PCA, AHEFAFH] 7 7] LMK DHOS K#B
B3 AN ERSY, & 18 MY 94.411% 115 2
, BARIMAREM, LMK DHOS MIfi & .
SHTIX 3 KRB AHESF SR, T LAEE .

M

I 3

N b
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&7 QASM 55MRENE DHOS +F 6 M SIS E
Table 7 Contents of six components in DHOS by QASM and ESM

W PSR/ (mgml ") )L/ (mgmL ") FHHER D/(mg-mL )

MR /(mgmL™) PHHEE B/(mgmL™)

i (mgmL) 4MEE  QASM  SMERE  QASM SMRE  QASM AMEE  QASM  AMEE  QASM
SI 07980 3.8532 3.8245 02790 02606 0.6328 0.6584 09840 09997 0.1782  0.1866
S2 08322 40304 40006 02806 02622 0.6396 06654 1.0286 1.0448 02316 02424
S3 08300 42414 42100 02688 02510 0.6282 06536 1.0470 1.0636 02078 02176
S4 08102 41312 41006 03024 02824 06832 07108 1.0126 1.0288 02528 0.2647
S5 0.8300 42602 42286 03230 03016 07280 0.7574 1.0328 1.0492 02638 02761
S6 07857 42827 42510 03349 03128 07365 07662 09713 09867 02589 02710
S7 07542 42231 41918 03045 02844 0.6954 0.7236 09379 09528 02443 02558
S8 07691 39502 39208 02640 02466 05607 05833 0.8892 0.9032 0.1823  0.1908
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