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ABSTRACT: AIM To establish a ultra-performance liquid chromatography-triple quadrupole/composite linear
ion trap mass spectrometry ( UHPLC-QTRAP-MS) method for the simultaneous content determination of calycosin-
7-glucoside, formononetin, ononin, calycosin, curdione, hypaconitine, benzoylhypacoitine, albiflorin, quercetin
3-0-B-D-glucose-7-0-B-D-gentiobioside, salidroside, kaempferol and paeoniflorin in Zhuyang Huxin Ointment.
METHODS The analysis was performed on a 35 °C thermostatic Poroshell EC-C 4 column (100 mmx2. 1 mm,
1.9 wm), with the mobile phase comprising of acetonitrile ( containing 0. 1% formic acid) -water ( containing
0. 1% formic acid) flowing at 0. 3 ml/min in a gradient elution manner, and electron spray ionization source was
adopted in positive and negative ion scanning with multiple reaction monitoring mode. RESULTS  Twelve
constituents showed good linear relationships within their own ranges (r=0.995 0) , whose average recoveries were
94.60% —109. 47% with the RSDs of 2. 26% —-4. 95%. CONCLUSION This simple, accurate and reliable can
be used for the quality control of Zhuyang Huxin Ointment.

KEY WORDS: Zhuyang Huxin Ointment; chemical constituents; content determination; ultra-high performance

liquid chromatography-triple quadrupole/linear ion trap mass spectrometry ( UHPLC-QTRAP-MS)
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Tab.1 Gradient elution programs

BfE/min -+ A ZHE(F0.1% H R ) /% B 0. 1% H /%
0~2 7 93
2~20 7~14 93~86
20~40 14~26 86~74
40~52 26~45 74~55
52~65 45~90 55~10

AL 0.3 mL/min; FEiE 35 °C; #EFEE 0.7 pL,
2.2 FiEEAM HBIZEE R (ESD); ERET
Hi, Z R (MRM) B, & s
(1S)5 500, -4 500 V; BFUHEE (TEM) 550 C;
W% (GS1) “H 55 psi (1 psi=6.895 kPa); 4t

O(GS2) 55 psi (FEDEREm, £EE AR
)y AR A (CUR) 35 psi; fili 8 T (CAD)
9 psi, HMMSHWZE 2,

2.3 AR aRERA A KR PREUE S R A A
BEE . SRR . oAE T . BRI AR
M RSkt R RO Sk SR, AT PR T
Wit i 2 -3-0-B-D-% %3 B4-7-0-B-D- T8 A XUBE 4 | 41
SR, INZSEy . AT RS R, A R
TR &, W WHGE R, & TFR—aHh, W
PR B, $A, B (45 R0 B vk B 45l
$49.93, 4.26, 7.87, 2.96, 0.85. 0.017. 0.075,
23.19, 1.36, 71.65, 4.04. 92.80 pg/mL) .

K2 BRARESH

Tab.2 Mass spectrometry parameters for various constituents

PREAIE]/ AR 53T

R/ Rl R

%) . BT m/z THET m/z

min i \ eV
B S I A T 19. 48 446.40  447.1[M+H]* 285. [ M+H-C4H,,05]* 81 28
TERNAER 44. 81 268.26  269. 1[M+H]* 197. 0[ M+H-CH;-HCO-CO ] * 111 53
TEANAET 30. 01 430.40  431.2[M+H]* 269. 1[ M+H-C4H,,05]* 273 29
B 34.24 284.26  285.0[ M+H]* 270. 0 M+H-CH;]* 102 33
AR 53.18 236.35  237.2[M+H]* 135. 1[ M+H-C¢H,,0,1" 84 21
I EEPR 43.87 615.71  616.3[ M+H]* 338.2[ M+H-C;Hy0-CH,COOH-2CH, OH-CH,0H ] * 100 54
A HY R 2k S 34.53 573.67  575.3[M+H]* 543.3[ M+H-OCH, ]* 82 48
AL R 10. 61 480.46  479.1[M-H]~ 120. 9[ M-H-C ,H,; 0, ]~ -40 -32
Wit K¢ 2 -3-0-B-D-Hj 45 Bl-  6.27 788.66  787.2[ M-H]~ 463. 1[ M-H-C,,H,,0,9 ]~ -95 -54
7-0-B-D-JE IHBUME 1
LR 3.32 300.30  299.1[M-H]~ 118.9[ M-H-C4H,04-H,0]~ -81 -19
IS 40. 07 286.24 285 1[M-H]~ 116. 9[ M-H-CyHz 0, ]~ -117 -61
SENR 12.61 480.46  479.1[M-H]~ 121. 0[ M-H-C s H,,0, ] -80 -30

2.4 BRSBEERAE WA 0.3 g, KERK
E, BETHEHEM YT, KEMA 20 mL 50% H
B, WIE, FRETE, EA (IE 250 W, M
40 kHz) AbFE 30 min, J, 50% H AN A2 D6k 2K 11
Bk, #5), Uk, HUZLUEVR, HpAE.

2.5 MHAHSREREE EERTZMATr, 5059
R R BRIER | BRI BReDERR . BE
AJ . BREDFIIBATERE S, % “2.47 TR 7k
%, g,

2.6 FEMRE A AR SO IR A
BIPERE A WOE B, 7 “2.17 “2.27 TRk
FEE, SRR 1~2, HILnTH, otk
ZITETHE, A BRCREAR, FIPERESAS R
iR, RNZTE TR RL

2.7 AMXEZER O KEWR “2.3” TH X
AR TRIE R, PSR B R R O R B, TE
“2017 2,27 WRAAE TR HEREINE . LA AR S T

WA AR (X)), WEE B AR (Y) #E4T
B, L S/N=10, S/N=3 /35N ERR, 1
DRR, S50 3, RIHISS B/ 7E 45 H Bl e ik
KRR,
2.8 AEFEIRXI R 2.4 TR TEH &R
BRIV, FE <2017 “2.27 TR HEFENE 6
W, AR ER S A AT . SRR T
T, B, R TE, Rk, PR B
B3Rk . AT R . M R -3-0-B-D- % H-
7-0-B-D-JEREXUREF | 403 KA, Ay, ~j2hiF
W TAIFR RSD 230914 2.05% . 1.56% . 2.55% . 1.49% .
2.54% . 2.21% . 2.38% . 2.22% . 4.10% . 4.91% .
1.51% | 2.41% , FHH{UARE 2 KT,
2.9 EHEMRKIE FE “2.47 TR EEITHIG 6
AR AR, E “2.17 “2.27 TRLAET SERE
GE, SR A AR . SRR . PNAE
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Fig.1 MRM chromatograms of various constituents
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Fig.2 MRM chromatograms of various negative samples
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Tab.3 Linear relationships of various constituents

05 IO157025103540455055606570

N S ] LMEH, EER/ el B/
(pgemL™)  (pgemL™") (pg-mL™")
B T A A Y=4 150 031. 653 9X+3 736 923.076 9  0.997 7  0.993~9.93 0. 993 0. 000 72
R Y=1 371 119. 694 8X+660 869.5652  0.9951 0.426~4.26  0.426 0. 000 062
TR Y=5 530 637. 185 5X+4 731 464.968 2 0.998 3 0.787~7.87  0.787 0. 000 061
EEY- i Y=5 455 857.050 7X+1 366 153.8462 0.998 1  0.296~2.96  0.296 0. 000 054
A Y=8 540 926. 821 7X+54 769.230 8  0.999 6 0. 085~0. 85 0. 085 0. 000 43
PR Y=3 471 820. 199 8X+578. 264 2 0.999 6 0.001 7~0.017 0.0017  0.000 025
% Y R YR 2K S Y=3 744 544. 650 8X-4 723.076 9 0.999 4 0.007 5~0.075 0.0075  0.000 011
AT NR V=54 484.748 9X-35 692. 307 7 0.997 1 2.319~23.19  2.319 0. 006 17
Wit iz 2 -3-0-B-D- & - 7-0-B-D- T2 JIH XU Y=190 224. 776 6X-407.414 1 0.9970 0.136~1.36 0.136 0. 003 28
LIS KT Y=41 299.726 7X+93 481. 982 0 0.9962 7.164~71.64  7.164 0. 004 49
12 1 Y=111 459. 043 6X-12 684. 615 4 0.999 8 0.404~4.04  0.404 0.001 21
SERER Y=74 087.508 1X+282 369. 811 3 0.998 1 9.280~92.80  9.28 0. 000 63
B R0, AT EETT . M R -3-0-B-D-AME- 2,10 FE MR $% “2.47 TR 5kl A

7-0-B-D-FHNHXUBHF | 205 K, N2y, Aj2h A, F0.3.6,9, 12, 18, 24 h £ “2.1”

UETATFR RSD 43514 3.20% . 3.25% . 4.66% . 4.62% . “2.27 WA SRR, A5 B S S O I A A
4.45% . 5.38% . 4.54% . 2.44% . 3.81% . 4.35% .  BEE . WNAER . TOWET . BESEE . AR

3.26% . 2.96% , KUIZILHEEIERE, LTRSS A SRV DR Y INREST s a = N
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Wit Kz 2 -3-0-B-D-% %3 B¥-7-0-B-D- T8 A XUBE 4 | 41
SR, WA My, A5 25 0 m AL RSD 43 il ok
2.25% . 2.57% . 4.35% . 2.90% . 4.73% . 4.64% .
4.92% . 3.46% . 4.99% . 5.42% . 2.51% . 4.24%
TR WTE 24 h NFEEVE R T,

2,11 mAepk RRE KBRS s S O A
(A (L5 20240104) 6 1, H430.15 g, BT
HIEHEHT, InE s R, % “2.47 W
PSR, AE <217 “2.27 TSRt
FEMSE , TR mICR, 2550, B 5 0 4
LR, T, BRREE, AR
G/ ESS I U R/ QS Y AR P2 A 1 R = A

Wi e %-3-0-B-D-# % B -7-0-B-D-Jp IH XUBE 4 |, 41
SORTE . WA AT AR Rk = 5 1N
95.73% . 94.60% . 104.36% . 98.71% . 95.95% .
109. 47% . 105.81% . 97.84% . 98.42% . 103.77% .
103.62% . 97.57% , RSD 43 % g 3.46% . 3.14% .
3.33% . 3.11% . 2.49% . 4.35% . 2.85% . 4.95% .
4.80% . 4.62% . 2.26% . 3.93% .

2,12 #H&bFale B3 ALEES, AL 0.3 g,
fie “2.47 WUF A AT 3 I s,
“217 2,27 WM HERENE, TR AR, 45
KUK 4,

R4 BROSENELER (mg/g, n=3)

Tab.4 Results for content determination of various constituents (mg/g, n=3)

% 20240104 20240205 20240508 A
BRI AT 0. 88 0.82 0.84 0.85
TR 0.35 0.33 0.35 0.34
TR 0.40 0.41 0.42 0.41
B85 B T 0.20 0.19 0.19 0.19
AR 0.053 0. 054 0. 055 0. 054
lVEED 0.001 24 0.001 29 0.001 34 0.001 29
2% R 2 3k JE 0.003 0 0.003 1 0.003 1 0.003 1
AT N R 1.8 1.8 1.7 1.8
Wik & -3-0-B-D-F i Bi-7-0-B-D- 2 AURE 0.19 0.18 0.20 0.18
ARt 5.2 5.1 5.7 5.3
1L 2T 0.25 0.25 0.26 0.25
ISESRES 7.6 7.9 8.0 7.9

3 iFig

3.1 AR ERXT R 2 4 T
B 245 S50 ) o etk 5 e A PR R RN, ARSEIR BB AR
SRR A | SRR | AR . B
I N R/ €SS I ] 3 S S/ S Y | S
HINTE . M K -3-0-B-D-H % B5-7-0-B-D- ¢ 1
XOBETY . 25 RAT, WAl A5 kAT & &
FE, WA T 07 TR 0 24 R I 1 ) Jo B 24 80
gy, HR R A R IR 2 B, AT 2 Bl EEDS
T2/, R 1A, 205K 1 Fh, AR A T A%
Zora, P EEIENEY, KIS ERRE
T A S 25 M T hn s SRR T
FrE I AL G Y (B S A A 1
WAEZ . TSR, M R DU L&) A
A O LA MG Ve 900 LA R T A AR
FAVOE S BRI G OURE T A e (IR Sk )
SRR A e (R IR OR Sk R ) Y BEE-2Y
ROV A2 P s A0, Rk S Sk i fE AT T 7R
TR AR MG . R PR, TR EUR Sk A Sy

H W=y, BEa] RAEME T 2 a5, hE
B0 28 A PRk R T A N TR bR R A
BB DL I 2 SR B0 s A0 R FIAY
R IRPTR . BrEL . RO NLR MR K
SO UIE SR04 F 4 s T 42 R BH A
DS FHLI
3.2 BELMRAL ARLEE RSN FELET Cy.
HSST3 . Poroshell EC-C, (i, % Poroshell EC-
Cs A R LA e 450 (FLAR 2.7 nm) B/VRifz
(1.9 pm) VT HSSIEACECE Frg i, e R
BRSO3 YA B 1) 4 1 BE IR, PRI 558 T
i GO mA (HRR, W) X
BRCRR R, AL (% 0.1% FR) -
K (0. 1% B ) VE R i sh AHSEAT A0 BEVENE,  BCAT
LR i By, UL e, I ARl
VA
4 #ig
AR SZEGHE ST UHPLC-QTRAP-MS ¥: [f] i ) 2 1
PR T B S A AT . TR R L T
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M, BRI, AR E, WIS khk . R
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