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HUANG Shi-ying" 2, CHEN Qiu-gu?, WANG Fo-chang'-2, HU Zhao-liu?>, ZHENG Ping?, LIU Xin-hui?,

ZHANG Shang-bin'2, CHEN Jian-ping':?

1. The Fourth Clinical Medical College, Guangzhou University of Chinese Medicine, Shenzhen 518033, China

2. Shenzhen Key Laboratory of Hospital Chinese Medicine Preparation, Shenzhen Hospital of Traditional Chinese Medicine,
Shenzhen 518033, China

3. Department of Nephrology, Shenzhen Traditional Chinese Medicine Hospital, Guangzhou University of Chinese Medicine,
Shenzhen 518033, China

Abstract: Objective To establish the Huangqgi-Danshen Decoction (HDD) fingerprint and multicomponent quantitative method,
and provide a scientific basis for the quality standard of HDD. Methods The HPLC fingerprint was performed on ODS Hypersil
DIM column with acetonitrile-0.1% formic acid as mobile phase at gradient elution. The column temperature was 25 ‘C; The flow
rate was 0.8 mL/min, the volume was 20 pL, and the detection wavelength was 254 nm. At the same time, LC-MS was used to

establish content determination method for 11 constitutes: astragaloside, astragaloside III, astragaloside II, calycosin 7-O-beta-D-
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glucoside, calycosin, ononin, salvianolic acid B, protocatechuic aldehyde, caffeic acid, rosmarinic acid, and lithospermic acid; The
samples were identified by PCA analysis and OLPS-DA analysis. Results There were 12 common peaks in the fingerprints of 10
batches of HDD. By comparing with the chemical reference, seven peaks were confirmed, they were: caffeic acid (peak 1), calycosin
7-O-beta-D-glucoside (peak 3), rosmarinic acid (peak 6), lithospermic acid (peak 8), calycosin (peak 9), salvianolic acid B (peak 10),
and ononin (peak 11); Ten batches of samples have a high similarity (no less than 0.995). Astragaloside, astragaloside III,
astragaloside II, calycosin 7-O-beta-D-glucoside, calycosin, ononin, salvianolic acid B, protocatechuic aldehyde, caffeic acid,
rosmarinic acid, and lithospermic acid had good linearity with 72 > 0.995 and recovery was at range of 89.3%—110.9%. Through
principal component analysis, 10 batches of HDD can be divided into two categories. It can be seen that there are differences in the
quality between different origins and different batches of medicinal materials. Finally, OPLS-DA was used to screen out two
substances that cause quality differences: salvianolic acid B and ononin. Conclusion According to the establishment of the
fingerprint of HDD and the quantification by LC-MS, it can provide a reliable reference for its quality control.

Key words: Huangqi-Danshen Decoction; fingerprint; multicomponents determination; quality standard; principal component analysis;

OLPS-DA analysis; astragaloside; astragaloside III; astragaloside II; calycosin 7-O-beta-D-glucoside; calycosin; ononin; salvianolic

acid B; protocatechuic aldehyde; caffeic acid; rosmarinic acid; lithospermic acid
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Table 1 Information of A. membranaceus and S. miltiorrhiza

I E TR AR i

18 il fit5 e
HDD1 H5118311  Hif 18040901 [ITEN
HDD2 180501 WET 180703791 LR
HDD3 180503 WET 180604631  YLIF
HDD4 20180531 L7 18050901 1L
HDD5 20180630 (L7 18092801 1L
HDD6 20180705 (L7 18061101 1L
HDD7 180801 WEE 19052501 ]
HDDS 19042101  H7H 180601 5]
HDD9 19070701  Hif 18030501 [ITEN
HDDIO 19043001  Hl 180501471 L%

WO, BRETENE: 0~20 min, 12%~16%Z
i5: 20~30 min, 16%~19%ZE: 30~80 min,

19%~25%Z.fi# ; 80~95 min, 27%~90%Z.fif§ ; 95~
98 min, 90%ZfiE; AR 25 C; #EFEE 20 uL; 1K
U E 0.8 mL/min, AW 254 nm.,

2.1.2 RAENMSER RS B GIEE,

DBV R, A RS 57.3 pg/mL, RIEFIR
79.1 pg/mL, %EER 49.5 pg/mL, FHHER B 116.6
pg/mL, HEFEEHE T 55.6 ng/mL, B
Bl 55.8 ug/mL, TEHETETE 63.2 ng/mL HITRA TG
A VAT o

2.1.3 KA S B 265 g 12 14.5
g, N 800 mL /K2 30 min /5, Hi{Z 1h, JEid,
FAIN 600 mL 7KHIZ 40 min, & IFIERHFIREE
200 mL, FEZFEH 1 mL R4EHZE S mL S+, N
IKEREZNIEL, SRR

2,14 KEEEWRIS %R — o Al
(HDD1) 20 pL, #% “2.1.17 o il 2 &80k 6
K, UFHBEE B IR S B ARG EmAUCA S, 251
THERLAF T Ve THI AR S AERE DR BR IS 18] o 45045 21 AH X U
A RSD #/NT 5%, AHXHOREARS ] RSD /8T
1%, RN T R AT

2.1.5 FOEMERE RS ORI
(HDD1) 20 uL, #% “2.1.17 Wifaik %44F 0. 4. 8.
12, 16+ 20, 24 h 4%, CUPHEER B ()0 B IS [A] A
WETR N Z IR, 43 v E AR T e T R B AE R O B I
o TR BT IETAN RSD #/8hT 5%, AHSTHR
FA I (8] RSD 35/NT 1%, 3R B At b W VR 7E = I

ZMFFCE 24 h 22 .

2.1.6 EEMRLK EHDDI Z58H4% “2.1.37 i
IR 6 R AT, RSB 20 L, 1%
“2.1.17 TUNEIEFAEENE, SRR B IR
BB TR T AR 2 ], 40 Sl T SRR X D TR AR K A
X AR B B T o T B304 2 AR X I IR RSD 39/ T 5%,
AN AR B ] RSD 38/ F 1%, R GIEMES M
R4f.

2.1.7 fREEIERES B 10 MEREIE RS
M dE “2.1.37 TR 25 5 AT B R A VR 4%
I “2.1.07 KA TFRATIE, iR eiEE, IR
FRER TR DL ATA #4305 N 25 (it FR a0 0
AR R 58 (2012A i), 3% HW 7 A7 58 1o )
12 Ao, IR A 98 R 0.1 min, ik sE 1)
T 2 SR IE, AREILEL, #57 HDD fR4A
W (E 1. 10 #it HDD # i FIAIBLRE 25 355 A
1.000. 0.999. 0.999. 1.000. 0.999. 0.999. 0.999.
0.997. 0.999. 0.995.
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Fig. 1 HPLC fingerprints of 10 batches of HDD
2.1.8 FFEMEMARE  SLS5XTHEE, FRilE 1
SUERMHERR, 3 5 8 EER AT, 6 58
RIEFRIR, 8 SNEKHER, 9 SAHEHEFHI, 10
SAFHRIR B, 11 5 RTHRIEE . ASE DAOR BE IR
[/ 59.62 min [FHRR B 1EAZIRIE, HAREER
(), SRR R, B G Ak I E 2.
22 11 RS EENE
2.2.1 iE% M KA ODS Hypersil DIM i
(250 mmX4.6 mm, 3 pm); PLZFE-0.1%FER/KE
WONRENM, BEEEVEHL: 0~15 min, 18%~28%Z.
f&: 15~29 min, 28%~42%Z.H5; 29~33 min,
42%~52%Zfif; 33~37 min, 52%~60%Z.fi; 37~
41 min, 60%~90%ME; i 30 C; AR E 0.8
mL/min; HEFEE 10 pL.
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LR 3-EERWIAEEE - REFR  8-EHRK
9-BEFEM 10-FHBER B 12-5W{EH
1-caffeic acid ~ 3-calycosin 7-O-beta-D-glucoside  6-rosmarinic
acid  8-lithospermic acid  9-ononin  10-salvianolic acid B
12-calycosin
E2 REXEM HPLC B (A) #1 HDD X HBEiE (B) 10
Fig. 2 HPLC of mixed reference substance (A) and control 8 9 N 1%2 13
fingerprint of HDD (B) E .
D
222 B RATRBIE BT (ESD, S
M 3.5 kV: AL E 11704 241 kPa; 80N N, 0 10 20 - 30 40 30
f/min

R E 1.5 L/min; B FBE%R A 350 C.o [FI
o L T O VAV o 6 VA R 7 5 A WA Vi = e AR
X (SIMD; AT EES RIS 7 mEHHE
m/z 785.25 [M+H], R I m/z 785.25 M+
H]", EEEE I m/z 827.25 [M+H]", BRI
HEPEL m/z 447.00 [M+H]", BERHEE m/z
285.05 [M+H]", T=MWIEH m/z 475.05 M+
HCOO] ", F}H%®: B m/z 701.30 [M—OH], J&JLZ%
% m/z 137.05 [M—H]", MIMERZ m/z 179.05 [M—H],
LR m/z 359.50 [M—H], %8 m/z 537.00
[M—H], BZE m/z 193.00 [M—H], KET
m/z 254.95 [M+H]". FHEFH. HELBH 1. &
KEH I, BSEFAimEEs . B8R LIR
GHICNNER; TR FHEER By JELASEE
MNHERR . RRIE AR . SRR DABTERRE 9 A bR (ol
KL 3.

223 PRSI S % “2.1.37 BUR &
HDD, H 1 mL HDD JI7/KEZ 2 10 mL, HU 800 pL
BN 20 uL W BRI, 1 0.22 pm FAFLIEREED 1S .
224 WFRERIIHIS  BON RSB RG . KRS
JUIE 0 RO A B BT 2R 54.81 pg/mL. KL
H G 19.82 pg/mL KIAFRIER, 4 CORIF&H .
225 LMEHMKESRE KEEEKHE 1.63
pg/mL. FEERIFI 2.33 pg/mL. S 10 3.92
pg/mL. B A &P 10.15 pg/mL. &7
Bl 2.96 ug/mL. TSHTETE 26.07 pg/mL. FHE R B

AR AR IR TR TIRE BRSO TR R
THE C-RAX RIS TEASE TRE D-RERIER T
BALAEFRE -ELRE 2R 3-PIEER (AAE 1,
IS1)  4-RRIEEER S-ERERR o TSWTETY  7- B I A
B 8- FIMER B 9-KEMIT (WHF2, 182)  10-BERHM
N-FHEFH REKET I B3KET I, FEE

A-the negative ion mode TIC of mixed reference B-the negative ion
mode TIC of sample C-the positive ion mode TIC of mixed
reference D-the positive ion mode TIC of sample
3-ferulic acid (IS1)

6-ononin

1-protocatechualdehyde ~ 2-caffeic acid
4-rosmarinic acid

7-O-beta-D-glucoside

5-lithospermic acid 7-calycosin
9-daidzein (IS2)

12-astragaloside  IIT

8-salvianolic acid B

10-calycosin 11-astragaloside IV

13-astragaloside II, same as below

3 HDD KEEMWMREHZETFRE
Fig. 3 TIC plot of HDD and mixed reference substances

482.16 pg/mL. J5 JLZAEHE 10.82 pg/mL. MIHERR 5.73
ng. HIEFEER 47.51 pg/mL. 2EEER 76.93 ng/mL [
TR AN R IV R 6 NIEIREE, 1% 92.2.17
TR i 6 E K “2.2.27 TR 5 4 A 3470 5

KA WARE, USRS (X0, WAL
NYPAERR (V) 1335 B A APERNET R AH G
RERNZMETEH 73 0 N B H Y=0.15 X+0.01,

»=0.999 6, ZIEVEE 0.04~1.63 pg/mL; #1EEFH
Il Y=0.11 X+0.01, =0.9989, £XM:iul 0.05~
223 pg/mL; FEEH I Y=0.12 X+0.01, ~#=
0.998 9, ZklETEH 0.09~3.92 pg/mL; L& EH
A Y=0.30 X+0.02, 2=0.999 3, ZMEiuH
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0.32~10.15 pg/mL; E&EREE Y=1.79 X—0.03,
»=0.999 3, LXMETEH 0.09~2.96 pg/mL; TEHIEE
Y=1.56 X+0.36,*=0.999 4, & 475l 0.81~26.07
pg/mL; FH®E B Y=0.01 X—0.08, »=0.999 8,
LR VI 15.07~482.16 pg/mL; J5)LZREE Y=3.50
X—0.44, »=0.9955, ZMETEH 0.34~5.41 pg/mL;
WIHERR Y=1.95 X+0.12, #2=0.996 1, ZkitiuH
0.18~2.87 pg/mL; HKEFK Y=3.12 X—1.06,
»=0.9957, ZMEJEHE 1.48~47.51 pg/mL; LER
Y=1.42 X—0.11, =0.998 3, 2k 475 Hl 2.40~76.93
pg/mL.

2.2.6 faEME%% HUHDDI HRS BT 0. 1.
2. 4. 6. 8. 12. 16 h#% “2.2.17 TN i 56 1F K&
42227 WUR RS EATIN E , WAL E) RSD
SR E R 3.36%, FHEEE I 3.35%, i
B 4.83%, B REIE AN 3.62%, B
SN 3.01%, TSWITETF 4.60%, FHHR B 4.91%,
JRLZSEE 2.89%, WNHERR 4.58%, KEFR 4.74%, &k
BERR 4.47%, RGHRSIRRIE 16 h WEE.
227 WEEEE BURSXTIRSERZ “2.2.17
TR S e “2.2.27 TUR i s A& 820 R 6
R, WERIARLLH RSD 230l N s i T 2.99%, B
BAF 1T 2.26%, TR 11 3.76%, BEE5 W HH
HHEL 3.24%, BEE T T 3.08%, TEHALEE 2.91%,
FHOR B 4.87%, [ LA 3.03%, WMIHERR 3.39%,
BHIR 2.62%, HIEFE 2.39%, RINZSEHE
RIf.

228 EEMHELE % 2237 WHEHS 6 0
HDD1 R ial, JFi% “2.2.17 TUR s 21 &

“2.2.27 TR &R EAT I G, W ALLE) RSD
AN A 4.22%, PR 1T 3.58%, HHiS
B I 4.55%, ESFEEEEEET 4.02%, B
SN 3.01%, WAL 4.61%, FHRTR B 4.50%,
JRLECEE 4.37%, WIHERR 4.56%, KEFR 4.69%, ik
B 3.70%, RFTENEL LRI,

229 [FIERES EL 800 uL HHR BN 200
pL. 400 pL. 600 pL A EHH 0.38 ug, WK
I 0.42 pg, FICBH 112 pg, B=55 5 5 MR & 4 h
4.3 png, BEFEN 4.92 ng, TSHIETT 14.68 g,
FHER R B 247 ng, R I)LAEE 3.7 ng, WIMERR 1.96 ng,
G 37 ng, LR 22.8 pg (RIIRA X IR VA,
SRR AR P SR EIRER S, RAEHA,

HY 800 pL IO 20 pL WARTEST, 4% “2.2.17 TR
WA I “2.2.27 TUR RS S AR EE T I E . AR [
WA SN B EE T 90.1%, TS EAF 10 110.1%,
TR 11 107.8%, B&8 5 2w 2 M1 89.3%,

EEREM 109.3%, TWAET 110.9%, FHHEE B
106.7%, JiJLZSEE 89.3%, WNMHEER 109.1%, KER
107.2%, KiEFER 110.3%, RSD 73514 5.68%-

5.67%4.98%.2.96% 4.91%- 5.50% 4.47%- 5.07%-
521%- 5.14%. 5.33%.

2.2.10 FEASENE  FREC 10 O AFEHER A
. IS, 1% 2237 WS A 45 0T 1
Hle%, % “2.2.17 “2.2.27 NEMEHTIE, 4R
W 2. SERKH, & & 2AEAFMIRE HDD
HIEE—E 2R

23 EFESW

2.3.1  EWSOHT (PCA)  PCA FIFH &4 B AR

%2 10t HDD RS ENELER
Table 2 Determination of 10 batches of HDD

FEDH (ngg™)

s,

s R IR I e I BER AT BEFEM WL SRR B JFLREE WHR RIsER KHER
HDD1 16.93 14.60 56.85 433.40 66.33 41428 9818.40 66.53 13695 594.43 1407.90
HDD2  16.28 13.40 60.68 359.73 16.35 532.58  6577.70 51.18  52.33 431.63  860.35
HDD3 7.50 9.03 38.23 356.40 15.13 486.65 6012.08 48.65  51.10 39030  724.60
HDD4  15.13 14.68 45.25 415.00 110.88 240.05 11716.65 9230 101.55 817.50 1385.15
HDDS5  34.53 8.38 49.48 258.38 119.63 128.00 10444.65 6820 120.58 632.85 1112.43
HDD6  47.75 14.23 70.00 377.33 110.13 211.15 967885 67.30  99.55 57420 1088.45
HDD7 9.78 11.28 41.38 330.38 102.38 24690 1325555 93.88  67.73 720.58  891.75
HDD8  19.98 13.65 55.08 407.60 33.10 479.88  5090.48 8538  61.13 33355  608.58
HDDY 2430 17.20 54.05 502.25 41.25 49545 7759.40 80.35 110.10 449.30 1270.95
HDD10 11.60 10.45 39.55 309.13 67.65 316.65 675645 19.43 14.03 368.18 1046.85
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2RI A B LA BRI fa s, H
ReRER 2 AR P BARAE B - AR SIS SIMCA14
A, AL EEAE AR, B 10X11 (1)
FERE, XF 10 ik HDD B8 &l 5E 45 31T PCA. 28
1 ER B TTHERER N 40.49%, %5 2 oIk R
N 26.58%, 3 FWITTRE A 13.25%, R
DUHRZEN 80.30%, i A BT HR XA 3 A iy Re S
H S BRRE SRR R . S RWE 4 iR (RP=
0.849, 0*=0.381), 10 it HDD 43>/ 2 K3%, HDD2.
HDD3. HDD8. HDD10 A% 1 2%, HDD1. HDD4.
HDDS5. HDD6. HDD7. HDD9 N 2 2%, M4r3s
SEWATE N, ANFEALKE HDD EZER 01 &R
BRI ZES, Hik, @Sl &
P T B A AR .

t[1]
4 10 EAESSHLR PCA
Fig. 4 PCA plot of ten batches of HDD

2.3.2  IEAmE/ D I HHI T (OPLS-DA) N
T AT AT 10 it HDD 2 [ 28 57, AN SEEG R A
OPLS-DA BT /3#r, Z5RE 5-A FiR, %
PR AL T 250 Ry?=0.883, MAIFHHNZH 0°=
0.798, KPR BSOS E , A T R
A SELiE AR B E AR AR REAE (variable importance
in project, VIP) >1.0 fffiize%} 10 it HDD FEA /32K
TTRREBCR IR 7 o 7E VIP B 2 S-plot Bk P}y
I8 B KRG H X 2 MUA Y& K HDD #F 543
KN EFHEER S, f8H HDD i &4 R
HALREIEAR Y, N HDD il £ 52 L 5 n] SE 5
A B ) 5T S A A
3 iTig
3.1 BiERGRNIMK

ARSI T R K. LK. HE-0.1%F
FRIK ISR E N il 2t sh A, SR ER, -
0.1% FRR ik e B e 4,  H 2 B 3R A T HoAh i 3l
HH, WMok 2 85-0.1% PRI AT AN « 485258 R
THERES] (PDA) FEAREAKC T REATR, 258
KE, 254 nm KN, BEERRE, SRS E
B, W RSMEEE, Wk 254 nm AR AR .

«HDD7 A

HDD5
° HDD1o HDD3
s [ ]

] o [
HDD4 HDD6 HDD2  HDDS

1.727 81#to[1]

L ]
HDDI .
HDD9
~10 5 0 5 10
1.000 70%to[1]

(8] (9%}

VIP [1+1+0]

8 5 4 6 10 2 7 1 11 13 12

[=}

LI

peorr[1]
[=}

o3 3¢ o4
-1.0 -0.5 0
p[1]
A-OPLS-DA #{mif55rE B-VIP B C-S-plot &
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