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ABSTRACT: AIM To establish a UPLC-MS/MS method for the simultaneous content determination of adenine,

paeoniflorin, caffeic acid, chlorogenic acid, amygdalin, vanillin, calycosin-7-glucoside, calycosin, quercetin,

kaempferol, formononetin, [B-sitosterol, stigmasterol, astragaloside IV, ferulic acid, paeonol and hydroxysafflor

yellow A in Buyang Huanwu Decoction. METHODS  The analysis was performed on a 40 °C thermostatic Kinetex

XB-C ¢ column (100 mmx3 mm, 2.6 pwm), with the mobile phase comprising of water ( containing 0. 1% formic

acid) -methanol flowing at 0.4 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

Seventeen

constituents showed good linear relationships within their own ranges (r>0.990 0) , whose average recoveries were
87.2% —104. 9% with the RSDs of 0. 76% —6. 55% . CONCLUSION This simple, rapid, sensitive and specific
method can be used for the quality control of Buyang Huanwu Decoction.

KEY WORDS: Buyang Huanwu Decoction; chemical constituents; content determination; UPLC-MS/MS

AN T A (BRI - N - SR
'), MEE, MIE, AT IS B 04k
e 7 R ZGALL, DR I, SRR B A
BUER B 5, I B 7 BR T #FXF A p
Sh, AT G O AE . PRI, MR RGERR
i, [ X Py o s AR R 5 26 e T A
FH MR, AR TR R | R
WRZETT B AR AR, AT T /R YR BRAR AR
PR A AL TR AR . SR i,
TR SEE Lo 7= A ST A 5 o 5 e 2 [
(A RIBIT T, TG BI R A

SR, 124 kA T i RIS BT R
JrlFR, WP FERGBITE T 45 2R IR R
BIEAS, G FEARE, *hHIE A
DIPTSR AT 8 2, MR R |
MRS IR 25 o T R Z A A
TR 2 i 5 P RS S AR H G R 9 S
Dt B, ARSI R R R AR
UPLC-MS/MS %, [RI I 5 b B 348 i3 RIS |
GRIGR , WA, nMERE , ATEGEE | RS SR U
HEBET . MR . BRSO, LR, S E
R, B-ATHINE, TR, WP, FER )T
Bely . BTBRMG , FEEELLAETT R A KR, LU
D% I7 IE SRR | ARG B e il ) o e b e 42
EANR N R e S R

1 ##
1.1 A% API 4000Q Trap — & DU AT L1 5 1

BB, O %5 B AL YR . Analystl. 6.2 43
Mrixftk ([ AB SCIEX 24H]) ; LC-30A JAH (%
ARG, BCE AR, BIhHEHEEAS . HIRAE
( HABHA ) ;3 KQ-400KDE 7 Th B0 5 4 75
g (R s (U A RA ) ; BT125D H
3904

Tt RV (b FEZ R IR A BR A H]) o
1.2 XAL5 %Y KSEHREL 4§ (IS
20240109, 20230327, 20230116, 20220916),
VAT b A8 v T P B A A R B B L R IS
(it 5 16439, 4 FF 99.6% ). Aj 25 (it =
13361, 40iJF 99.2% ) . WIMERR (H#t%5 15620, 4i)E
99.7% ) . WAV TF (5 16298, 4lJF 98.3% ) |
FER (A5 17641, 4lifF 99.8% ) . & 5H H R
AR (5 16914, 4HF 99.1% ), BT
BR (L5 15747, 4lifF 99.9% ) . 1L ZHy (#HS
14958, 4 ¥ 100.0% ) . B-& il (L5 15959,
afi BF 98.8% )., © M EE (dit 5 17285, 4l JF
98.1% ). JLZKZE (M5 16339, 4HiJF 98.1% ), F+
ey (#E5 14169, 4HFF 100% ) . RILLAHH O R
A (b5 15853, 4l 99.2% ) Xf MR &2 iy b A ff
PL T AR e A BR A R4 IR (Hit'S
0753-200111, ZfiJiF 98.8% ). tHifE &= (5
111703-200501, 4 J&F 99.8% ). il iz £ (it 5
100081-200907, 4fi FF 97.4% ) . b 24 BR (4t &
110773-200611, 4EFEE 99.8% ) X H& 5h 3 h b &
a2y R WE IR B AR B X (S
B20564, 4l 98% ) i gAY R A R
ik

2 HERE4ER
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2,101 Faik mmiEE TR (ESD; EfRETHE
iy ZRON MR (MRM) ;2 TR 550 °C
AR (CUR) 20 psi (1 psi=6.895 kPa); 514k
5 (GS1) 45 psi; IR (GS2) 40 psi; JRBESS
H1 -4 500/5 500 V, HASHLE 1,

2.1.2 4% Phenomenex Kinetex XB-C,, {1 i
(100 mmx3 mm, 2.6 pm); WK (& 0.1% H
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fR) (A) -HEE (B), #IEVED (0~ 2 min,
30%B; 2 ~12 min, 30% ~ 90% B; 12 ~ 15 min,

90% B) ; AFHVI 0.4 mL/min; FE 40 °C; #EFE
55 pl,

xR1 BHHRILSH
Tab.1 Mass spectrometry parameters for various constituents
Y tp/min BRI BB T m/z FET m/z TR TR fRFR L/ V fllA# L s/ V
i I 1.01 [M+H]* 136. 1 119.2 [M+H-NH,]* 77.25 29.95
GEmR 1.99 [M-H]- 353.1 190.9 [ M-H-CyHs0,]~ -62. 50 -22.07
A 2.20 [M-H]~ 456. 4 178.9 [M-H-C3H;;NOs ]~ -117.62 -23.00
U [E[Fd 2.65 [M-H]" 179.2 134.8 [M-H-CO,H]~ -70. 90 -21.24
SERED 3.47 [M-H]- 478.9 327.1 [M-H-C,;sH,,09]"  -108.93 -18.93
ERRHIMHAEE 5,09 [M+H]* 447. 4 285.3 [M+H-C4H, 051" 92.27 21.72
Wi % 8.51 [M+H]* 303. 1 229.0 [M+H-C,H,0,]* 111.25 35.83
B R 9.06 [M+H]* 284.9 225.3 [ M+H-C,H,0,]" 115.27 35.87
L7 9.40 [M+H]* 287.1 153.1 [M+H-CgH(0, 1% 116.24 46.23
TR R 10. 14 [M+H]* 269.2 237.2 [ M+H-CH;0]* 123.74 35.31
B-1% £ Pt 12.01 [M+H]* 415.6 119.3 [ M+H-C,yH,, 0% 99. 95 20.29
9 12.05 [M+H]* 414.3 281. 4 [M+H-CyH,,0]* 92.13 12.48
WY 13.21 [M+H]* 785.7 143.3 [ M+H-C4;Hs,0,, 1" 116.73 22.40
HER 3.50 [M-H]- 151.4 108.0 [ M-H-C,H;0]" -65.91 -29.99
P 8.99 [M+H]* 167.0 124.9 [ M+H-CH; ] * 68. 06 22.66
IEE i 4.79 [M-H]~ 193.2 148.9 [M-H-CO, ]~ -71. 66 -15.20
FRELLTAE R FE A 2.39 [M-H]" 611.5 403.2 [ M-H-C4gH ,;O¢ ]~ ~149. 80 -33.59
2.2 mirH & AT BEREDU 2, LAXT R 0T 22 ViR 32l 8 A s
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S PR IR NS X B O R, 10% FGER T AR, S
PV AW, KMEERGESE, & TR—25 mL &
H, 50% HEEEZS, RIfE,

2.2.2 MM KRR (45 20240109)
MY 1 250 mg, AT 25 mL 50% Pl FraE i
B, BAAH 30 min, BEIEFIR, 50% H EEAN L
KRB E, 5000 r/min &.0> 10 min, FEFRL
0.45 wm FALIERET I8, HRELuBW, RIS, #FME5
MramH 50% HEE (% 0. 1% HFHR) Fikk s £,
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“217 TG T HEREI A, SR WE 1, T
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JEPE R4S,
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WEi, 50% W BERGRERL 5 R E, fE “2.17

{EMEL S/N=3 . S/N=10 A 14 Jo 5 Ve B S s B
RACERBR, 45902, Al i 7E4 H YL
MR R RAT,
2.3.3 REEEEIRK BU “2.2.17 TR X IRAE
W (AR RERE), £ “2.17 AN
THEREDIE 6 Uk, IUASRRIERS | SRIERR . A
WIHERR . ATZ5H . B EEIRE AT, MR
EESFEE, LASE, AR R, BN, B
BEE, EREHAT, 2R PP, PR, R
LIAETE MR A IR AL RSD 4390 1.62% . 4. 14% |
5.54% . 4.18% . 2.71% . 7.81% . 3.52% . 3.67% .
4.45% . 5.42% . 2.39% . 1.65% . 2.56% . 4.19% .
1.09% . 3.33% . 5.08% , FHA{UEKE % E KA,
2.3.4 EHEMREK o “2.2.27 TR HEFEAT
il 6 (R AR (L5 20240109) , 76 “2.17
TUARAF T UEREI 2, IUARARIEERS | S5 . A
T, MNMERR | ATZET . B IR . MY
R, BRFEW, LR, SWEER, B-AH
B G, ERH . FEERSE RSD 44k
5.28% . 5.39% . 5.03% . 4.27% . 5.42% . 2.40% .
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8.50% . 8.68% , FMIZHEERMERL,
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1. adenine 2. chlorogenic acid 3. amygdalin 4. caffeic acid 5. paeoniflorin 6. calycosin-7-glucoside 7. quercetin 8. calycosin

9. kaempferol 10. formononetin 11. B-sitosterol 12. stigmasterol 13. astragaloside IV 14. vanillin 15. paeonol 16. ferulic acid

17. hydroxysafflower yellow A

1 ERSRBBEFREEHR

Fig.1 Extracted ion current chromatograms of various constituents

12 h 76 “2.17 WAAPE T BRI 2, D045 AR g2 ngy |
GRIFIR WA AT . WIMERR | ATENTT . B TER
MIAHET . MR B REER . LA PUARAE
R, B-AHEE, TR, HEPH, F2R88
RSD 73 %Il N 3.59% . 4.74% . 5.01% . 2.22% .
5.90% . 4.63% . 4.52% . 6.29% . 3.44% . 2.73% .
2.14% . 3.98% . 5.35% . 7.21% , FWIVEWTE 24 h
PR EPE R AT,

2.3.6  JNFERIKCRIRE RS BRI S A Y
(#1t*5 20240109) 625 mg, FREZMY . FZRMR . FEHk
LIAEHAOZE A IINAE 10 wg T80 R R IR

3906

B, A AT R R g o B,
HitH S 1250 mg MR, 50% H AR 2 = 25
mL, & “2.2.27 WUF BTl 6 bl s
W, 76 “2.17 WA TR E, A R,
R, MRS  SRJRIR . eV WMERR . A5
. RS EIEAET ., MR B
A, PARAEEE R B-A M, DR, HH
T Om2EE, P, MR, RO E A
SERTHIRE [ 3R 4 ) K 93.5% . 88.3% . 104.9% |
98.8% . 91.0% . 90.5% . 96.7% . 97.5% . 89.6% .
94.5% . 87.2% . 91.9% . 87.8% . 89.7% . 96.5% .
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T2 BRSEEXR
Tab.2 Linear relationships of various constituents

2% EIEpE r LML/ (pg-ml™') KRR/ (ng-mL™')  FBAE R/ (ng-mL™")
JRIEE RS Y=7 710X+1. 59x10° 0.991 2 0.02~1.0 0.3 1.0
SRR Y=1790X+8. 14x10° 0.9959 0.1~5.0 5.0 20.0
AT Y=169X+2.28x10* 0. 996 4 0.1~5.0 4.0 10.0
i R Y=10 200X+1.23x10°  0.996 8 0.02~1.0 2.0 5.0
SERED Y=107X+1. 34x10° 0.999 3 0.2~10.0 10.0 30.0
B S AT A A Y=2 310X+1.03x10° 0.999 0 0.08~4.0 3.0 10.0
Witz % Y=338X+2.32x10 0.998 5 0.02~1.0 1.0 4.0
B 5 5 H R Y=2 700X+2. 57x10* 0.993 2 0.04~2.0 0.2 0.6
ITE- 317 Y=2010X+1.07x10° 0.998 4 0.01~0.5 0.2 0.5
TEARAE Y=3 850X+1.49x10° 0.994 2 0.01~0.5 0.3 1.0
B-4F fis I Y=215X+3. 1x10° 0.999 4 0.1~5.0 6.0 20.0
TH Y=13.4X+1. 04x10* 0.992 6 0.2~10.0 15.0 50.0
B Y=24.9X+5. 17x10* 0.997 5 0.05~2.5 10.0 40.0
FER Y=20.9X+3. 62x10° 0.999 1 0.05~2.5 10.0 30.0
P K By Y=283X+6.51x10* 0.996 3 0.02~1.0 0.3 1.0
PRI 2 1% Y=329X+2. 67x10* 0.993 1 0.02~1.0 2.0 5.0
FRELAEHAFE A Y=197X+1. 69x10* 0.998 3 0.02~1.0 3.0 10.0

102.5% . 93.8%, RSD 4> % K 4.06% . 0.76% .

[FImE, M4 2500 (R ) e (BB 62.5 g,

4.79% . 6.55% . 1.61% . 2.40% . 4.19% . 4.15% .
5.86% . 0.81% . 4.59% . 2.35% . 9.51% . 4.78% .
3.74% . 4.32% . 1.78%

2.4 HabsEalE W4 MERNEY, %
“2.2.27 WU Jrkdl A AT, fE <2, 0
KT A VEREDE 2 W, R AR (VURFNT) .

MIHE3 g, HKA2.5g, M 1.5g, = 1.5 g,
115, B 1.5¢) IRE, 80% LFEEZR IR
B, Wi, B 25 mL 50% H P A A A
0.45 pm GUFLUEREL U8, #RE 10 £, 78 “2.17 I
FUF RSN E 2 K, HHE SR (A gis
i), iR IER 3,

®3 BHNSENELER (vg/g, n=2)

Tab.3 Results for content determination of various constituents ( pg/g, n=2)

fee SN [EsS 20S N e 2SN

Jick SISV

I (L5 20240109) (#t5 20230327) (L5 20230116) (L5 20230916) A

i M 3.09 3.49 3.37 4. 66 0. 65
SRR 112.8 43.3 60. 8 51.6 17.0
WA 236. 1 268.2 272.0 129.8 60. 8

Mo R 4.72 3.05 7.74 4.78 0.93

SERED 612.2 530.7 706.0 390.0 173.3

B T A A W 40.0 21.8 23.6 12. 4 0.47
Witz % 12.6 7.7 18.7 10.0 1.87

B 5 B 15.7 9.5 8.4 1.1 3.36
L7 3.92 3.18 5.27 3.80 0.59
TEARAE R 9. 80 4.01 3.00 5.22 2.0
B-4 fis 178.9 116.3 20.8 224.0 8.53
TR 498.2 1422.6 498.0 586.0 22.2
B 37.6 14.3 25.2 20.8 0.71
FLR 8. 81 8.83 10.2 9.82 0.98

P B By — — — — 0.25

Frf# 1% — — — — 18.0
FRELIAEHAFE A — — — — 9.02

. — R BT,
3 itig

ACSZ UG R 2 7 24 M B 48 il i o 5 =2 7 W E
T IR, e B FL S I 1R

bro TSEIEHRE 2020 4E R (P EIZG L) B E 0y B
L MIE, RAT, HOE ., INE L 48 BECIEPRAL
Ay, FEARIESCER [1, 15-16, 20] B EPRA 724

3907



2025 4F 12 H
AT E12 M

R %

Chinese Traditional Patent Medicine

December 2025
Vol. 47 No. 12

A IR Rl A R T TR 2 R

S R0 1 N v B 45 6 2 BE LA
HNBHIE 37 R HE Rl 7 T & A B N R, RS i
R, LR A o AR (AN e R
W SF) Bk, meeS xRy it Ea X, it
PR By PIERER MR LT e B (A Rk Il
B, MARSLE XIS A TR U, i
B EIRess th . BIHEN, 7F R S0E HR R ] A
T LR 3 Bl o AT REAEAE LR | SRR IR AR
B, FEEZHIF 0B IR T oA R RS e T
AR, RN R ) T2 2 35 5 i H fe ¢
Ep

FEITIEFH R, ARSI e s MAEIE 7
BT X S U R S EGHE T A, R
% AE | S A I & Gk g, & 3L
0. 1% FH - HY Pt A6 5 O O30 Hof 0 I g B, i) 7 e
S, REVERFGER, B, RHIE-f-EEFH
TR U9 LATE B 45 iU e AR B A, & AE
15 min 58RI
4 it

ARSI N7 UPLC-MS/MS 12 [a] B ) 5 % BH 38
TP REERE | AT IMERR . SRR . e
1, F2R, BRESEIEAMT . B8R,
MR, IR m, AR R, B, O
s EEEEHITT O BUERRR . PHEEy . RO AR
AW R, BHERBER, TR, STEE
i, AT RO T 250 ARG Y BT A5
(i1 IR N =7 B N PN o Vo £

SE k.

YL, BOMS, 0K, . AMHIE HIAEE Y 2y
VR RS ik e K B br s ) (Q-Marker) FHIUW[J]. o
24, 2024, 55(13) . 4575-4587.

[2] MBREk, B30, PR, 55 #MHIE 1A H S 4y bl
I P Bk A B 5 aE (D], BEVY P EE, 2024, 45 (7).
995-998.

[3] 25 B, Al-Sanabani Hani, #2006, 5. #MHE HAIRIT Bk

I AT B kSR (D). IR & 3 25, 2023, 16(26):

173-177.

TG, b B A 3 36 97 R KRG B 31 e BF 5T

(1]

3908

[7]

[10]

[11]

[12]

[13]

[14]

[18]

[19]

[20]

[21]

JELI]. LT R, 2025, 52(7): 208-212.

W B, PR, ERIF, SR ILEBRS ek
BERIENS ARG B G RT3 [T]. TRy, 2024,
46(7) . 2225-2229.

WG, T W, 2R AN H I 10 BRI IR I B A
FHMLEIBFTE (1], TR RE2E, 2024, 26(7) .
146-150.

JBRAGAE, B, WA, A RS T R A
TRYT XTI R A v B A I R D). PR
Zj, 2018, 40(9): 1939-1942.

Rk, ERSE, BB, S IMBREN IS T X IR F
BRETNRERYSEMI[T]. 2y, 2001, 23(3): 52-54.
. FMHIE TG e B TR TR R A ) HE BT
SPkEEMA R T]. %G, 2014, 36(11) . 2264-2267.
A, JESRAE, MLLA. R BH A T X DR R B
I FEA 5 W B TR AR VL) ] P, 2017, 39(8):
1561-1566.

TEEIE, M0 5, ZEMulE, S NBRAN L T S fE
Sed Je “AFERELC” EHRIX R MR R AT £ Y I R
JPRLT]. P2, 2025, 47(5) . 1762-1765.

IR, KT, BB, A& HNHIE I B A B R IR
BRAHWIFTIER[ ], hREZy, 2024, 55(8): 2843-2852.
ZERE, E B, R, A RNHIE TR YT E L R R
FAL ) AF 5% 3F )], Sk B b R, 2023, 38 (19):
3865-3867.

WEIF, BORA, K, S5 IR T xR RO R
TR R 22U IL-12, IFN-y 3k iE B s (0], S
PPEENRRER, 2022, 36(3): 132-136; 159.

FRIRIE, FBEIN. I PHIE F 37 %05 R 9 B 9 /N RARSE T 19
HR[J]. HESETTRSAAER, 2023, 29(17) : 34-41.
Tong W Y, Leng L, Wang Y C, et al. Buyang Huanwu
Decoction  inhibits  diabetes-accelerated —atherosclerosis  via
AMPK-Drp1-mitochondrial axis[ J].
J Ethnopharmacol, 2023, 312 116432.

WAL, WS, B, TSSO E AR R
I T i B0 P Al R I W W B T[T B2,
2019, 50(21). 5239-5245.

LiuE H, Qi L W, Peng Y B, et al. Rapid separation and

reduction  of fission

identification of 54 major constituents in Buyang Huanwu
Decoction by ultra-fast HPLC system coupled with DAD-TOF/
MS[ J]. Biomed Chromatogr, 2009, 23(8): 828-842.
WK, RESR, DT, % UPLC-MS/MS Ik [ E i
AEFPIEIBEHET 11 R [T]. Rz, 2023, 45(1): 24-28.
EHAE, MR, HAKE, S S RORH @5 B U4
RN E B2 IE T b 4 RS B[] LR,
2023, 27(10): 1941-1944.



