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E. HM 3L UPLC-MS/MS i FIRHU GBS 7 RIS EE A, 23-CBEEISEE B, FI58E A-24-BFRfe . RIEEE B,
PEGRE C, 23-CBEPRIERE C, WRIEMEF, WHiERE G, MANEE T . MARNEET . FIARNERIL, AR, FTELR A & 5,
Fik MR Waters ACQUITY UPLC HSS G, (354 (100 mmx2. 1 mm, 1.8 wm); WEIHK (& 0.1% HER) -2
(5 0.19% HR) , BEEFVEMG; ABURE 0.3 mL/min; HEiE 30 °C; EBER FI,; EAETHE,; 2R ENERL,
HR IBMEUMESATERNELELRRY (,1>0.999 1), Tk EIE 95.05% ~ 103. 8% , RSD 1.4% ~6.7% ,
5ie ZOIRMIE P, MERG, ORISR SR S AR A

KR . BIEY; 2ERSr; S EE ; UPLC-MS/MS
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Simultaneous content determination of thirteen constituents in Zexie Decoction
by UPLC-MS/MS

SUN Pei-qi, WANG Jia-yang, = WANG Jin-ping”,  JIANG Yuan-ye”
( Department of Gastroenterology, Putuo Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 200062, China)

ABSTRACT: AIM To establish a UPLC-MS/MS method for the simultaneous content determination of alisol A,
23-acetyl alisol B, alisol A-24-acetate, alisol B, alisol C, 23-acetyl alisol C, alisol F, alisol G, atractylenolide
I, atractylenolide 1II, atractylenolide III, atractylon and ferulic acid in Zexie Decoction. METHODS  The
analysis was performed on a 30 C thermostatic Waters ACQUITY UPLC HSS C; column (100 mmx2. 1 mm, 1.8
pm) , with the mobile phase comprising of water ( containing 0. 1% formic acid) -acetonitrile ( 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  Thirteen constituents
showed good linear relationships within their own ranges (r>0.999 1), whose average recoveries were 95. 05% —
103. 8% with the RSDs of 1. 4% —6.7%. CONCLUSION This simple, rapid and accurate method can provide
experimental basis for the quality control of Zexie Decoction.

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

PSR T (BN - RIREWORIKGE  TIRITRIRIZ S | M rh im0
IRAE ), BAEM ., PR S, W REETION . AR AR, ME M, KA

YrFs HEE. 2024-11-11
E€WE: HEARFPEREST FWH (82474378) ; g HAARIAIE4 (22ZR1455900) 5 111738 BE X TLAE ft B 2R G BB it
HELWH (ptkwws202201) 5 T RS XA AA IR (pixlyq2201) 5 LT X DA MR RGO LR
B H  (2023ts2b01)
EERE . Pl (2000—), B, @i+, MIThEZPHAMEEFRIGER, JERIFIT, Tel: 15861008629, E-mail: spqspq7799@ 163.com
«EBIEMEE. TEW (1978—), %, Wit, FIREIM, NI P EABIIRIEMROIGER, S5, Tel: 13585937758, E-mail:
wangjinping2108@ 163. com
Foode (1985—), L, Wi, WAL S0, &) EAT R, S P EE 25 BT A 18 v TR A9 IR R, S REAF Y, Tel.
13816388826, E-mail: yuanyel014@ 126.com
2829



2025 4F 9 A
B4k FoM

R %

Chinese Traditional Patent Medicine

September 2025
Vol. 47 No. 9

PRI PR ZG B ST R I, TS
WRAREME, Wi, B, fR, JTR4ME
AW, MEAREZER S BEAYR, EE R, B
MR, RIFAEIG DT Ak, XTEE
GRS B e I R R 5 0y Hh Bk
NG P LA R O, e g
FBLL UPLC BRI 8L A £ (HXE =528
BUAY 1 R0 B 3K, UPLC-MS/MS % B L e 3t
e, o AR, WM T & R W By o e
SN BOAR S B SR P 1k (R R 2 RV 3
PSS A, 23-CBEVEVS BE B, PRTE BE A-24-Fi R
fis . PRYSEE B, FIGEE C. 23-CMERTSEE C, B
FEF, BER G, AARNEST . ARAET, AR
PG I, S ARER . BB &, DA A il 77 4
Pt TR R PR,

1 7

L1 AE Milli-Q gkl & &5 (32 E Millipore
25H]) 5 JA3B003N HLF o3t K7 (b ifehs 2 S i
BEARAT) ; CP2250 LT i KF [ 32 H M
B (dbnt) ABRAF]; YD-B35A Mgyl
LR (MERER A A BR/AH]) 3 Centrifuge 5424R 5
HELDHL [SEARTE (thE) FRAF]; APL 6500+
= PUMAT A (SE R Z A TAF] ) 5 Waters H-
Class FRORAH G [IRFEERMHE (L) ABR
NG

1.2 #HM5KA  BFE (A5 2023081301) , M
AR (45 2023070501) ¥ [ 4 Kt 25 ik
RARAT, @LHKYEERIER, 23-L BT R
B (it B21641), BEV5EE A-24-BS R IR (Ht 5
B21639) . FiE®: C (#Ht'5 B50425) . HFI5 M F
(fit5 B21642) | FIEEE G (% B21769) . AR
fi (4t 5 B24634) . 23-Z BEF IG5 EE C (5
B21764) Xf M0 A B IRt A R A R A
Al PEVEEE A (465 CFN92542) . PI5EE B (it
5 CFN92406) . H AR Mg I (k5 CFN99944) |
RN 1T (45 CFN99945) | FIARNEEIL (3t
5 CFN99946) . B#RR (#t5 CFN99158) X g
i B BB RAAE AR AR AR RSP
XTHE S (HiE5 100142-201004) W [ o E £ 5 24
K E W 5E BE, 4l Yy =98% , HOEE (Hit %
40064292) . Z i (L5 40064193 ) 4 h {0 i
afi W AdCIRIVEY R A RA R, B b6
gl (b5 84630200) , Wy H L g4 i S8 AL 4
ABRAF],
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2 Fik
2.1 KARHEE  RIFREUETE 20 ¢, HA 8 g,
T RIZ e, A 8 A4l /KIZ I 30 min,
k(2100 W) AW S0k (1200 W) RIEE 30
min, AUZWAGLP Mg, (REH | KU, I8
FIELIA 6 ffitalidok, [FLATE 30 min, BIH
SRZb AR e, A3 2 WIEW, WA B AR
g/mL, BIfR, BT 4 CKFEHIRIE,
2.2 B, ARERAE RERIGFSE A,
23-L RIS IS B, VETE I A-24-BSTRNR . PEIEEE B,
BEISIE C, 23-ZBE VS I C, RIS P TS Y
G, ARMEET . ARMEET ., AARNERIT, A
B BTERER T AR LI R, BT 10 mL 8P, HEE
WEITEAZZE, SRR, Wk, RIS
VS (45 B 43 B vk BE 43 i 1 700, 1330,
1225, 1160, 1250, 1048, 35, 1 660, 1 373,
1400, 1450, 1404, 1200 pg/mL) . KBFRELF
PGP FR e, S 2 2 TR U 10. 54
pe/mL, BIAS AR
2.3 BRSmma g FEBBUKEE 1.00 mL,
BRI, BB GO RS LA N bR U TR R
200 1% (105.4 ng/mL), 13 000 r/min &5.(> 10 min,
W, B,
2.4 UPLC-MS/MS 5 #7 & 4
2.4.1 Jiuik WIS E IR (ESD); 22 i
(MRM) #iz; B4R 380 C; &1 R
500 °C; ME%E S MBIF R 50 psi (1 psi = 6.895
kPa); AR (LA R) WBURE 50 psi; Wi%
HIE 4, -4.5kV, HASHLE 1,

£1 SHARLESH

Tab.1 Mass spectrometry parameters for various

constituents
e BT FET AEHE 6EEfE HOd
m/z m/z JE/V H/V J&/V
PRIETE A 473.3 383.3 149.35 19.80  38.87

23-ZWEEISEE B 532.5 497.5  68.02 15.90  50.30
PRTEWE A-24-FEBRER 550.5 515.4  25.74 14.80  34.09

IS B 490.4 473.5 35.02 14.60  28.95
VETERE C 487.2 415.4  53.92 26.90  13.85
23-ZBEETSEE C 529.4  451.5 114.16  29.31  22.94
PSR F 506.4 471.5  40.08 10.23  17.02
ST G 490.4 473.4 27.03 13.17  25.09

HAR PR T 231.3 185.2 157.15 27.46  21.97
EE Nl 233.2 187.1 138.29  23.64  25.93
ER N 249.3 231.2  73.10 13.95  29.00

& A 234.3 216.4 96.99  20.33  10.63

i 2 195.0 145.0 57.02 23.69  18.86
ROPEF(RFR)  237.1 194.2  110.00  25.00  16.00
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2.4.2 {4i% Waters ACQUITY UPLC HSS C, i
# (100 mmx2.1 mm, 1.8 pm) ; i sl AH K (&
0.1% HiR) (A) -2 (& 0.1% HR) (B), B
JEVENE (0~2 min, 40% ~60% B; 2~7 min, 60% ~
95%B; 7~10 min, 95%B); AFIFE 0.3 mL/min;
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3. EARM 4 BARWNEEL 5. AARAEIL 6. HFEAEA 7. FIEEEC 8. FIEREB 9. FIEEEG

10. ZFIGEEF 11 23-ZBERISEE C 12, 23-ZBUETSEE B 13, ETSEE A-24-BHRRlE 14 ROPUF (AFR)
1. ferulic acid 2. atractylenolide I 3. atractylon 4. atractylenolide Il 5. atractylenolide Il 6. alisol A 7. alisol C 8. alisol B 9. alisol G

10. alisol F 11. 23-acetyl alisol C 12. 23-acetyl alisol B 13. alisol A-24-acetate 14. carbamazepine (internal standard)
1 #H4 UPLC-MS/MS &ikE
Fig.1 UPLC-MS/MS chromatograms of various constituents

3.2 AMXZFRORE IO IR GRS &,
FHBER 0 H B, IMA WARE I (105.4 ng/mL),
REWL), A, 16 “2.47 WA T SR .,
DIXFRE &, . ARG AL HLAE M Ak bR (Y), X AR
i U R AR ER (X)) #EAT I, JFLL S/N=
10 MERRR, S/N=3 MR, 258 0L3% 2, 1
IS LAY HERS FE N R A,

3.3 HEFARE OB “2.37 IR AR A WOE
B, OfE “2.47 TS HEREIE 6 WK, MRS
B AL 23-C TS IE B, VS I A-24-BRIRIER . V&
TEWE B, FI5HE C, 23-CZBEFISEE C, FI5HEF,
FERE G, AARNEE T, AARNE T, AR
I, AR, B 20 % 0 i AL RSD 43 51 °h 1.4% |
1.3% . 3.8% . 2.2% . 1.4% . 2.4% . 3.0% . 3.5% .

4.6% . 3.5% . 3.1% . 2.0% . 3.2%, =W &% 45
HRE RS
3.4 EFHEMRE OB “2.37 WFAHRMIAWR 6
By, 75 “2.47 WUARAFT SR, 15 PETS i
A, 23-CPRIFTEEE B, PRIGEE A-24-BS R IR . 15
B B, PFEIGEE C, 23-LWEFRIEEE C, FRIERE F, V%
HEG, AARNEE T, AARNEIL ., HARNEI,
CEATR BT B ER & 2 RSD 2» M 3.3% . 3.5% .
5.7% . 3.3% . 1.1% . 3.2% . 3.7% . 1.1% . 1.1% .
1.1% . 1.9% . 3.7% . 5.0%, % Wi%Z 788
R4f,
3.5 AR E OB “2.37 TR SR A S
w, T 0,2, 4,6,10, 12, 18, 20, 24 h 7¢
“2.47 TRSAET HEREDE, AR ERVSEE AL 23-4
2831



2025 4E9 H o % September 2025
Fa41HE O FEo Chinese Traditional Patent Medicine Vol. 47 No. 9

x2 BHROSKEXER

Tab.2 Linear relationships of various constituents

% EIEp¥E r LM/ (pg-mL™)  ERR/(pg-mL™) KRR/ (pg-mL™")

BETEEE A Y=0.014 1X+0.012 0.999 4 0.003~0. 068 0.003 0.001
23-ZBEFIEEE B Y=0.088 1X-0.001 4 0.999 7 0.027~0. 532 0.013 0. 005
BT A-24- 52 g Y=0.228 1X-0.001 0.999 8 0. 005~0. 098 0. 005 0. 001
BEEE B Y=0.185 1X-0.027 8 0.999 6 0.006~0. 116 0. 006 0. 001
FIERE C Y=0.007 7X+0.022 3 0.999 5 0.016~0. 250 0.013 0.003
23-ZBEFRIEEE C Y=0.032 6X-0.262 3 0.999 5 0. 105~2. 096 0. 005 0. 001
PRIGHEE F Y=1.133 7X+0.001 5 0.999 1 0. 003~0. 070 0. 004 0. 001
FEEE G Y=0.776 7X-0.036 8 0.999 5 0.033~0. 664 0.010 0.003
HAR N 1 Y=0. 030 3X-0. 000 3 0.999 4 0.055~1.098 0. 006 0. 002
HARPMEE 1 Y=0.018 6X+0. 002 3 0.999 6 0.003~0. 056 0. 001 0. 009
HAR AR I Y=0.008 7X+0.003 9 0.999 2 0.006~0. 116 0.003 0. 026
AR E Y=0.746 6X-0.023 2 0.999 5 0.070~ 1. 404 0. 007 0.001

B 22 Y=0.111 8X+0.001 9 0.999 0 0.001~0. 024 0.001 0. 000 4

PRIEVSHE B, PETSRE A-24-FEIRMR . PEISIE B, & BEB, PEVEME C, 23-OBEEERE C, FEEEF, 3%
TEEEC, 23-CWEFETERE C, PRISEE P, PEVSBE G, V5B G, ARABR T . HRNEEIL . HARAMESI
FIARNERT . HARNEEL , AARNBRIL, AN, AR, FTEER - 25 A BSR4 50 2 102.0% |
B[ 25 1% 04 i A RSD 23 51 M 4.7% . 3.8% . 8. 8% . 103.8% . 100.3% . 96.36% . 99.55% . 95.59% .
4.7% . 2.7% . 2.5% . 5.3% . 2.6% . 3.5% . 3.0% .  101.0% . 100.6% . 101.2% . 96.73% . 98.54% .
4.1% . 2.6% . 7.2% , XWIEWTE 24 h WEEEME  95.05% . 97.69% , RSD 4> %l K 4.1% . 1.5% |
R 6.0% . 6.7% . 2.6% . 1.4% . 4.0% . 5.4% .
3.6 AeAFEDE R RIS RS ECH 5.5%, 5.6% ., 4.4% ., 3.7% . 6.2%,
MK 0.5 mL, 36 4y, A &8 X7 I8 S R, 3.7 HemgEale g “2.37 HUF kAT
e “2.37 Wi ik S at el mIE W, fE “2.47 %3 R W, TE 2.4 TSR SERED
WA T HERED S, TR MR, 255, BEiERE &, MRS E, SRR 3,
A, 23-ZEEETERE B, BRIE R A-24-FER TR . 5

K3 BERHSEENELER (xx5, n=6)

Tab.3 Results for content determination of various constituents (Xxs, n=6)

% R/ (pgeg A2 P/ (pg-g A 2H) % Tt/ (pgeg EZ) I/ (g HE2N)
PETETE A 1.594 4 1. 6070. 023 FERE G 51.2312 50. 99+0. 397
1.608 3 51.066 8
1.588 4 50.285 1
1.586 3 51.266 7
1.620 0 50.789 9
1.645 4 51.324 6
23-Z TSI B 15.278 9 14.99+0. 380 EENZI 29.759 2 29. 76+0. 003
15.443 3 29.765 4
14.870 1 29.759 1
15.208 9 29.757 7
14.5727 29.762 7
14.547 2 29.763 9
FETEWE A-24-BEERTE 2.207 8 2.157+0. 042 HAR AR T 2.8519 2. 8600. 013
2.165 2 2.8825
2.109 4 2.852 0
2.157 3 2.866 9
2.107 2 2.846 0
2.1925 2.862 0
PI5EE B 8.180 1 8. 006+0. 159 HAR PR I 7.7855 7. 896+0. 209
7.959 2 8.023 5
8.159 5 7.807 6
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24383
By T/ (pgeg ) FINE (pgeg  AZH) % S/ (ng-g AEZY) SEHIE/ (pg-g E2h)
7.800 0 8.057 2
7.8576 7.576 5
8.077 3 8.126 4
PRIGEE C 11.747 1 11.74+0. 319 AR 143.173 3 144.5+1. 344
11.7225 145. 464 7
11.7127 145.582 3
11.700 6 143.010 3
11.784 0 145.977 9
11.762 8 143. 621 8
23- LG C 247.396 5 245.3+1.517 P 22 0.054 5 0.057 5£0.002 5
243.510 8 0.055 5
245.540 2 0.058 1
244.625 4 0.059 2
244.164 3 0.056 0
246.753 0 0.061 4
BB F 3.158 4 3.233+0. 101
3.260 8
3.156 2
3.424 3
3.206 2
3.193 8
4 g [2] HERHBZE G5 hAe AR IR E 2 M. 2020 4 ) —

FEGERTESIA T, IHRTRE,
HAM R LR, E5H HPLC B ] % /b i i 43 ik
rera e, m AR K, B, RSk
£ UPLC-MS/MS %, e, BEE ML,

ARSI e XS A AT A, B RLOK
(% 0.1% HER) -2 (% 0.1% HR) BN
A 2% B A (L T U 1) 2 I R ) 3 5 G k12
FHAE Z BTG , HEEPEOGEA:, K Waters
ACQUITY UPLC HSS Cg A3 5 28 H AR 1) 70 25 5008 F
BN, TR GRS 1 P 45 o3 e B
ME
5 #ig

ARSI ST UPLC-MS/MS 2 [a] Il 5 %75 1
HETEIE A 23-L BRI BE B, V5B A-24-FE TR
fis . PRVSEE B, IFIGEE C. 23-CMERIGEE C, B-1E
BEF, FEEEG, AARNER L, AARNEET ., AR
BRI, AR, BT2RmR 0% & &, 2% 7 ik e af nl
5, AUMIZOT RS R . VEFIPLEI RS
BESH KA

S 3.
AW, WIEHE, A, & BB KA AENS T

MURIRFZE R LT ). of [ S8 O 7l 2 44 i, 2021, 27(2) .
224-232.

(1]

[5]

[6]

[10]

[11]

[12]

FLS]. dbmt. hEEE2GRHE Bk, 2020.
EX, Ffum, X M, SIS A AL T IR
LD A (], FPEEZ A, 2023, 51(9): 91-96.
Zhou X, Ren Q, Wang B, et al. Alisol A 24-acetate isolated
from the Alismatis Rhizoma improves hepatic lipid deposition in
hyperlipidemic mice by ABCA1/ABCG1 pathway[ J]. J Nanosci
Nanotechnol , 2019, 19(9) : 5496-5502.
BB, T oWk, RIEZE, 5F. PR KA
WEoEsER[)]. PP R 224 T, 2023, 41(5): 171-182.
XOHE, U, REIR, AR I RO
N PRSI/ IS SR £ TS0 ] RS 25 B 5 I PR, 2023,
39(5) . 75-82.
JE ¥, KPR IIASS Shh/Prehl 17538 i Xt i
AR B DI RE RS M [T ] P B 45 O IR AL 2%
&, 2024, 22(20) ; 3704-3709.
& 8. BT IR LR R UGER I RIS ].
MEE PEEZE, 2024, 43(1): 69-71.
AR, MRAHT, XPHA, % JET AMPK/SIRT1/PGC-la
B TR TS W 0 s IR IR 5 5/ BRUDA R B A F 1 R AL
HILT). e B2y, 2023, 38(9) @ 4154-4160.
BRF52E, Mt 2B E AR KRG G BETE WG T 2= R i
SRR I RST BT [J]. dLT5 22, 2023, 20(12)
161-163.
B, #h %, EFM, % T miR21/PIBK-AkV
SREBP 3 8% W52 1315 ¥ 4 vei N LR A2 /0N B o i A T AL
L] BRI 4, 2024, 40(9) : 917-931.
Iy R, HOIE H L BEE I O  AR SRR M L 1 R
ZERRAIE B YT AUWF SR (0], SE I IR R 25 44 3K, 2024,
2833



202549 A o % September 2025

FTa1H HoW Chinese Traditional Patent Medicine Vol. 47 No. 9
28(9): 78-81; 89. (1717 8 W, BR e, #oui, 45 HPLC BRIE RIS 7 G
[13]  E B, MK 2, K I, % BT “I7EK. 85k M BE A, PEVSEE B A 23-ZWERETSEE B i [)]. RigrhEEZ
IR TTRE 6 I 1 AE K Bl PI3K/AKT/ FoxO1/AQP9 & K2, 2019, 33(5) . 73-77.
TR K AL ], R EEEZY, 2024, 35(3): (18] 3K i, Thmik, BB, 4. = WOBAH 6355 2 IR 5
563-567. T I LA b G 22 BT B S AR B 52T, R SRR,
(14] W 6, 2507, BAM, 45 BEIG SRR o i 2 N8 7 AR 2019, 10(Z1): 9-10.
5 (1 HepG2 JI 1722 1 40 M A5 70 F) i F3 538 % 4 Ao s 38 S [19] XD, XIMER, REhs, 4. UPLC-MS/MS ¥k [R] Bl & 57
W], HhEEZE | 2024, 55(6) ; 2002-2012. R e A e 17 B S B A [T ], TPRZE, 2024, 46(2) .
(151 A F, skyLll, HEM, 5. BETHRaU8E-2 i b1t 353-358.
HAEIEE B SRR R PP PR AT [)]. I RAE SR [20]  JREUHE, 220RME, FRWIF, 2%, UPLC-MS/MS ¥k Al Al & 28
2%, 2024, 20(7) : 50-56. WA T SIER 20 MESARAT S R L) ] AT,
[16] Liu G Q, Xie RY, Tan Q W, et al. Pharmacokinetic study and 2023, 43(3) . 429-439.
neuropharmacological effects of atractylenolide Il to improve [21] MuHF, Jin Q, Tang J, et al. Pharmacokinetics and related
cognitive impairment via PI3K/AKT/GSK3B pathway in gender difference studies of four active components of Codonopsis
intracerebroventricular-streptozotocin rats[ J |. J Ethnopharmacol , Pilosula by 1LC-MS/MS determination[ J]. J Ethnopharmacol,
2024, 333, 118420. 2024, 337(Pt2) . 118899.

HPLC-MS/MS iR RMEZMAM D ASKRAP 2RIV ESEREL
=& IR AR

NRAE, &= OB, Kk @', X #', HEW, =¥ B' JFEHEHZ', KR
(1. NEFERKFHFK, AFH FMEH010110; 2. NEFERKRFEBEFR, NEF ks
010110)

WE. B H#3r HPLC-MS/MS LRI E Z AL AHALTT XA R TEHB ., THBH . KEBRNEE, XEAKREN
Be, WEER, RREER ABREER, MR, BETR. FILRR, B, IWEm &R, TR AR,
FHiE MR Shim-pack GIST-HP C {34 (2.1 mmx100 mm, 3 pm); WENAHFEEL-K (& 0.1% HER), BHIEME
i RFRR R 0. 25 mL/min; FEIR 35 °C; MM ETIR; ERBETHEM; SRR, FHIFTREMr . R0
SPHT . BRI F T, SR 12 PR A A B NAME R R RA (r=0.999 0), A 3
95.38% ~105.00% , RSD 1.91% ~5.14% , 13 {LEEMZE R 338, BEMR ., REATNE ., R R THEW . FILKEK,
WETER., R, WA ARAEREERREY ., £18 ZrEmAs, Bt EE%RL, T T
FSIRALRY BT ] BN

KB . DANDASHRAL; B0 S EIE ; bR HPLC-MS/MS; B0 i 1E 8w dwe/
AR -H N 3 b

hESES. R27.2 XERFRERRD: A MEHE . 1001-1528(2025)09-2834-07
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