- 7034 « PED 2023F 11 5 543 $218  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 21

ETF UHPLC-MS/MS HEARMEFRITF 24 PP EENEKEUFEITEE
FRETEM

1. b 25 B BRI T S MAS IR e, b A 050227
2. JEEERPREEZARE, WAL X 050017

# . BH #3L UHPLC-MS/MS LB IE SR S DOES ., MR, NHEER. TEMKE A, RN
Tl R/NEER. EBEET. SRR, HERE ST, KEE. KR, KEFEWEE, HERER. K. e, /i
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Quantitative determination of 24 components in Daochi Pills based on UHPLC-
MS/MS technology combined with chemometrics quality evaluation
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Abstract: Objective To establish an UHPLC-MS/MS method for the simultaneous determination of baicalin, wogonoside, baicalein,
wogonin, melaeuca A, berberine hydrochloride, epiberberine, coptisine chloride, jatrorrhizine, palmatine hydrochloride, emodin, rhein,
physcion, aloe emodin, chrysophanol, geniposide, crocetin I, crocetin II, harpagide, harpagoside, calceolarioside B, paeoniflorin,
forsythoside A, and forsythin in Daochi Pills. Methods The components were separated on phenomenon Cis column (100 mm x 2.1
mm, 2.6 pm) with acetonitrile and 0.1% formic acid aqueous solution as the mobile phase by gradient elution at a flow rate of 0.3
mL/min. The column temperature was set at 40 ‘C. The injection volume was 1 pL. The detection was carried out by electrospray
ionization (ESI), positive and negative electrospray ionization was performed in multiple reaction monitoring (MRM) mode to scan.
Results A total of 24 constituents showed good linear relationships within their own ranges (» > 0.997 7), and the precision, stability
and repeatability complied with the requirements of methodology. The average recoveries were between 92.7%—107.9% respectively,
and RSD were below 6.5%. The average mass fractions of 24 constituents in 15 batches of samples were 6.834—7 667.200 pg/g. The

results of cluster analysis and principal component analysis were consistent, and could accurately classify three manufacturers of

RS EHER: 2023-04-27
EEUB: Wb 5 AR (21372502D); Tk 25 & B BB AR I (20222C1019)
TEEENY: WHS (1991, Lo, LR, Wid, FENFERZRESHHFIL. Tel: (0311)69086157 E-mail: 1227519372@qq.com
HBIEEE: T K (1988—), &, LN, Wit, EEMFEPAFTESVHIT. Tel: (0311)69086157 E-mail: honaaa@126.com
XUKF] (1973—), 55, FARZING, Wid:, FENFAHZ R BT, Tel: (0311)89892091  E-mail: liuyongli2008@126.com



FED 2023FE 117 B54% 218 Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 21

* 7035

samples into three categories. Conclusion The established UHPLC-MS/MS method for determining the content of 24 components

has good reproducibility, which is simple, accurate and stable, and can objectively, comprehensively, and effectively determine the

differences in the main components in samples from different production enterprises. It can provide a basis for improving the quality

evaluation system of Daochi Pills.
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melaeuca A; berberine hydrochloride; epiberberine; coptisine chloride; jatrorrhizine; palmatine hydrochloride; emodin; rhein;
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HIRAT; KQ-250ES AU M BIEL A, Eilis
HHRAR: M. WEE, @igd, HE[E Merck
AF; HER, falbal, RiERMFAF s HR
AR BT 4l SR8 7K N G ZETRK
12 X%

ST SRS (S 110715201117, &4 %
91.7%) PEZETF (S 112002-201702, i 704k
98.5%). X EK (S 111595-201808, Jii 734k
97.9%). WX ZE ('S 111514-201706, J5i &40 %
100.0%) FHER/NEERK (Hb5 110713-201814, JifiHE
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R4 93.4%). i H (b5 110749-201919,
R 97.1%) PELLAEH 1S 111588-201303,
Jii 534 92.6%)  FU 146 H 1145 111589-201705,
RS AL 92.2%) T H Hh E A 24 i E Bt TR s
MR T AR A (IS ST23660120, i 7341
98.0%). FK/NEEIL (HL5 ST23680105, Jii & /4L
98.0%) W H LR PHEAMF ARG IRAH .
1.3 #m

FARAFES L 15 AN, Hd ks S1~S4 ik
519013293, 19013294, 19013728, 19013729)
H REFF 2D G IR A F (TZ), Fib S5~S10
(5 11170816, 11180622, 11180704, 11190026
11190032, 11190073) K H At 5 [R5 A A IR 2
H (BT, £ S11~S15(t5 20210402.20210403
20210801, 20220302, 20221003) K H N & K&
2R AR AR (NT).

2 HESHR
2.1 BIEEHG

{64 % >N Phenomenon Cig A (100 mm X 2.1
mm, 2.6 um); NN LHE-0.1%FRKEWR, B
FEVEML: 0~15min, 10%~40%Z.fi%; 15~20 min,
40%~60% 1 iRy 40 C; R EN 0.3
mL/min; #EFEEN 1 pLe
22 FRIEEM

DA =B DYARAT e RS i A s H s 55 B U
(ESD, F#i77 AN IE 537 R 44, IR
N ROV W, (MRMD, 1E B TR 5500V,
T HE—4500 V, BUAFISERE 500 C; fif
5 (CAD) JEJIN “medium”, BB 15T
B E] N 50 ms; S A A (CUR) 7)1 277 kPa, %%
5 (GS1) JE77330kPa, MHAGHENSR (GS2) J&
71420 kPa. #ALEVIIESHENE 1.

x1 SHFRP 24 PR SRIESH

Table 1 MS parameters of 24 components in Daochi Pills

D%y Vans iy BTHEX BT (w2 FET (m/z2) bRV fREHEeV
A C2iHisOn + 447.0 385.1 37 189
DUEET C22H2001 + 461.0 270.0 60 151
HER CisH100s - 269.2 137.1 -36 -108
NHEER Ci6H120s - 283.0 139.0 —47 -97
TE4FE A CisH120s + 285.1 140.0 53 87
EhER/INBETH, C20H13CINO4 + 336.1 278.0 56 95
RNBET C20H1sNO4 + 336.0 262.0 65 82
EhER P, C19H14CINO4 + 320.0 262.0 50 83
EhER AR, C20H20CINO4 + 338.0 279.0 55 86
RO LT C21H2CINO4 + 352.0 320.0 57 73
KEE C1sH100s - 269.1 182.1 -50 -137
KB C15sHsOs - 283.0 183.0 -36 -16
R 2 P CisH120s + 285.2 2113 40 119
FERER C1sH100s + 271.0 141.0 49 98
K Ci5H1004 + 255.0 181.0 41 150
Ma v C17H24010 - 387.2 123.1 -21 =50
PHLLAEH 1 C44Hs4024 - 975.3 323.0 -35 -191
PRLLAEH 1T Cs3sHs4019 - 813.1 651.0 20 -150
e Ci5H24010 - 363.0 201.0 -18 -102
e AR C24H30011 - 493.1 345.0 -13 —46
RIBEARZEEH B C23H26011 - 477.0 315.0 -33 -116
AJUH C23HasOn - 479.0 121.0 -20 -91
HETEE T A C20H36015 - 623.0 461.0 —43 -163
LR TINE Ca7H34011 - 533.0 161.0 -13 -58
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2.3 CREWRMERIEIE 2.4 ik minigedl &
BRI o 0 Bl B, RS AR AE, e i WA, WH, RS, BZ103 g, MEENE,

70% FFBEVE WU A 1) 28 B B — PR X TR ot i 28 TR
K b3 SK R i 2% YU 70% PP AR R ) A0 15 38 5 1
70 pg/mL. PIFEAF 25 pg/mL. ¥ 3 ug/mL.

WHEE R Lug/mL. T4 Al ug/mL. R /NEE
Bl 22 pg/mL. FK/DNBERH 3 pg/mL. FHELHEEK 9
ng/mL. EHERZGARHE 6 ug/mL. EHFERE YT 7 ug/mL.
K 1 pg/mL. KIEEE 1 pg/mL. Ko E HEE 1
pug/mL. 2R R 1 pg/mL. K# M 2 ug/mL. #E
T 60 pg/mL. PULLAEE 14 pg/mL. PHLAET 111
pg/mL. PEEF 4 pg/mL. M EMEF 2 pg/mL. AKiE
ROWEH B 1 pg/mL. ~Aj25H 14 pg/mL. A8 H
A 70 pg/mL. ERME 4 ug/mL RS XIS IETR

HIFCR

1

B 70% HEE 25 mL, FROE &, %IE, EAELE (T
250 W. % 40 kHz) 30 min, B, 04, H
70% F AN R IR R T R, RRAT, PRI, EXERIER,
2 0.22 pm FRFLIEESEL, BPASHE IE R
25 TRERMIAE

73 IR A 0] R SRR S 7R AL (S5) ki
SRR, HE “2.17 “2.27 TN VRSBE A S5t AE
SE o BT I R I A A T R R OR B IR (]
FHX R, FE PRI R E AR T, B SR
g Rar, SiEE LA 1,
2.6 LKMXRER

Iy R EE R “2.37 TR0 R S g AR,
70% FH B2 1) 22 470 o B R B PRV 6 5 R VA T, 3%

|m]
e

8.2 8.2

10.5 11.0 11.0

12.5

t/min

145 14.5

10.0 10.5 10.5

9.5 9.5 10.0

t/min

t/min
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4.8 52 5.6 4.8 5.2 5.6

9.0 9.4 9.8 9.0 9.4 9.8

LEEH 2-DUAEH 3-WER 4DONEFHR 5-TRAEE A 6/ 7R/ 8-EhIRIOERM - TR 10-2hIR L YT

1-KEEE 12-KWE 13- KGR PR 140208 E 15-KHEM

21-AEREH B 224525 23-E00EH A 245 0F

I-baicalin  2-wogonoside  3-baicalein  4-wogonin

jatrorrhizine 10-palmatine hydrochloride

5-melaleuca A 6-berberine hydrochloride

16-HEFH 17-TR4 468 1 I18-TH4fed: T 19-aEH  20-M5 Bk

7-epiberberine  8-coptisine chloride  9-

11-emodin  12-rhein 13-physcion 14-aloe emodin 15-chrysophanol 16-geniposide 17-crocetin I

18-crocetin IT  19-harpagide 20-harpagoside 21-calceolarioside B 22-paconiflorin  23-forsythoside A 24-forsythin
E1 BEMNBRER A SHFARKRER (B) B UHPLC-MS/MS iEE
Fig.1 UHPLC-MS/MS chromatograms of mixed reference substances solution (A) and Daochi Pills sample solution(B)

“2.17“2.27 TUR IR A6 A 3EREDI 8, DAERE I 2
WEEAREARRR (XD, DALY E 2 3 0 g AR
BN E RS (V), EESTARAERNLZR, 472
1, 1REETRE . MR () REHEEE L% 2.
FRFM R A 1E & B IR E R R R R AT
2.7 EEEIRLE

HY “2.37 TURNIRA R RV, 1% “2.17“2.27
TR 264, FELRHEFENE 6 IR, oI, HE
WA, AN, BE5ER. WHASER. TELR

A SRIR/INBER . F/NEER. ERFRBERL. FRERZGIR
Bl HRERESIT. KRIGR. KEIR. K= Rt

FIERTER Kl JEFH . PHLAEH 1. Ph44E
HOOL EHE. RO, KEKCOEH B, A4
T OEMEEH A NUEME IR RSD 537000
1.2%- 1.6%- 2.1% 2.4%- 3.1%- 1.5%- 3.2% 1.7%.
2.3%- 3.5% 2.2% 1.8%- 3.6%- 4.1%- 3.9% 2.4%.
1.9%- 1.2%- 2.2% 3.1%- 2.7%- 2.5%- 2.6%- 3.5%;
RN A NG L R AT
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#z2 EEAFEMERSEMEE
Table 2 Regression equations and linear ranges of various constituents

D% LR r 2 MV B/ (ug-mL )
BAH Y=5.7X10° X+1.3 X108 0.999 6 4.201 2~84.024 7
WHEHH Y=22X107 X+5.6 X107 0.999 5 1.505 5~30.110 0
WER Y=69 835 X—48 974 0.999 9 2.8719~21.528 2
WHER Y=83 373 X—34 698 0.999 2 1.042 1~7.8120
TE4E A Y=84X107 X+1.1 X10° 0.999 9 0.760 86~5.703 60
EhIR/NBEDH Y=43X107 X+2.6 X108 0.999 1 1.416 9~28.3379
FNBET Y=6.9X107 X+2.1X108 0.999 4 2.0440~153227
SRR T Y=2.4X107 X+2.3X108 0.999 8 5.3329~39.976 2
R AR Y=42X107 X+3.4X108 0.999 5 4.796 6~35.956 6
BT Y=5.3X107 X+1.8X10% 0.999 1 4.2871~32.1375
KEHR Y=7.0X10° X+16 170 0.999 9 0.029 9~1.494 7
N Y=8.0X10° X+8342 0.999 9 0.041 6~2.082 5
PN Y=1.0X107 X—51 791 0.999 9 0.077 8~3.888 6
FERER Y=2.4X107 X+76 860 0.999 9 0.021 9~1.093 6
K Y=7.2X10% X—90 090 0.999 8 1.189 7~8.918 6
Ma T Y=22 314 X+30 746 0.999 4 25.5825~191.772 5
PELLAEHT Y=25992 X—39 099 0.999 0 2.5835~19.366 4
PELLAEH T Y=21680 X—2131 0.998 3 0.209 1~1.567 8
mE Y=25902 X—15 562 0.999 8 2.3925~17.935 1
AR Y=57912 X+24 622 0.999 0 1.978 8~14.833 8
KIEAR LEH B Y=8.6X10° X—2.4X10° 0.999 9 1.074 8~8.056 7
AUt Y=11 666 X+15 301 0.999 6 7.849 8~58.844 1
HEFNRE A Y=13X10°X+4.2X107 0.997 7 26.150 1~196.027 9
TR Y=4155 X—2522 0.999 8 5.1679~38.739 7

2.8 FREMIRALE

B ARAAE M (S5), % “2.4” TR J7 vk &t
WA, 1% “2.17 “2.27 TR 41 BT H14%J5
0. 3. 6. 12, 15, 20 24h MIEIGEHEF, 450
. WESH. BS5ER. WHESR. TELAER A,
ERER/NBE . R/NEED . ERERTENN . SRR ZGARL
ENCEMINN NN | NN LN
KR KW, JE T FHAET I LT 11
M, BB KWK ORETH B AAHE. &
FURETH A FER I AR B RSD 1E 735318 1.8%-
3.6%- 2.1%- 1.7%- 2.3%- 3.2%- 4.8%- 1.6% 2.2%-
2.0%- 3.3%- 3.8%- 4.1%- 4.9%- 3.4%- 2.9%- 4.2%-
4.2% 3.1%- 1.7%- 2.5%- 3.6%- 2.5%. 3.6%, %
B (R VAR 2 TR 24 h WRRE
29 FEEMRAW

BUSARAFES (S5) iE=, WHgl, 77lE 0.3 g,

L6y, FEERRE, % “2.47 TR iEH SR
W, BFENE, HREE. SRESE. JOEF
. HER, DUES R, TE4UR AL HBIR/NEER.
FNEEGR . ShER BTN SRR 2NN HhIR ST
REER. KER. RERPB. HERHEER. KK
By, METH PRLAEH 1. FRL T 1L M. 1)
Bk AWK R By A525H . EHRsE A f
HERE BB R AN 6 217.30 1 691.1,

843.8. 131.8. 71.67. 1739.2. 273.2. 433.1. 293.6.
599.1. 49.52. 157.5. 359.7. 25.91. 787.3. 3087.3.
7473 33.99. 131.9. 81.74. 139.3. 1 163.1. 4 665.4.
317.4 pg/g, H RSD 73l 2.1% 1.4%. 2.2%.

1.7%- 3.1%- 3.8%- 2.1%- 3.1%- 2.5%- 2.0%- 1.4%.
1.7%- 2.5%- 1.4%- 2.7%- 2.9%- 3.1%- 1.6%- 2.7%-
3.4%-+ 1.3%. 2.7%- 0.5%. 3.9%, RHZTEELE
PR IF



= 7040 -

FED 2023FE 117 B54% 218 Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 21

2.10  InAEEIYERR LS

FRELCCIE 24 FREBbR Lo & R -F 28 ALFE
(S5) &=, W4, #E015g, 6y, FEWK
E, FFHUH 70% VAR R HE T 2, 4%
FRGIL 10 1 BRI RS AR, % “2.47 TR
Jr A AR, BRI E, THES RO IR
[ R e RSD (. 25 RS, DURSH . HS
7. WHEEER. TEAKE A RN, R/DNEE
B, ERERBCIETN. RN, KT LY. K
F.OKHEIR. REZFE. SRR, KHEm.
MEFH PHLLACH I PRI 1. My R, e Bk
T ARERORE By AJEH . @B A FE
T 5 I FE U253 8 102.2% . 101.2% -
99.7%- 100.2%. 100.0%-. 97.0%-. 103.0%-. 99.4%.
102.1%- 101.5%-+ 99.7%- 99.3%. 102.3%. 100.6%-
103.4%. 99.3%. 100.1%-. 96.8%. 97.0%. 96.8%-
103.1%-. 101.3%. 102.5%. 101.4%, RSD 4>%A
1.7%- 3.3%- 3.1%- 3.4%- 1.9%- 0.6%- 0.6%- 3.0%-
2.4%- 1.7%- 2.2%- 3.0%- 2.5%- 3.1%- 1.7% 1.3%-
3.0%- 1.1%- 1.4%- 1.2%- 1.7%- 1.6%- 2.5%- 1.8%,
G R WA T 1L o IFE (TSGR RAT
2.1 H&EMNE

HUAS ARSI 375 JURE i (S1~S15), $242.4”

TR ik RS, % “2.17 “2.27 TR 4%
PEEREIE, TTEERO ISR, 4RIEK 3.
212 BESH

DL 1S #ESARALF 24 DM ISR NE R, §
A SPASS 19.0 %, KA MIERERI, LLFITRK
IRPE B RIEE, AT 0o, SR 2. 45
RER, HEEERN 10 B, 15 #tFE 5 (S1~S15)
AN 3K, Hp SI~S4kEFH—) %, BNHI
K, S5~S10 kAN — K, BERHE UK, S10~
S15 NIFE—] %, TN M2, dknl s, &1
W B A R T XA E ) KR, BRI
AT RES E R ZG M B P . RIS AERAER . T
LI DA R 2 (AR P T 255 R
2.13 EmS 94 (principal component analysis,
PCA)

PCA 12 A 2 R 10 R 4EAb b 2,
A H %2 TSR KRR R s A R D
U R EIR AR &, RIEEIE
REAE XS FEARTEAT 0 B RO IR0 7200, Rtk B 4T
BT A AR Z B 2= R, ¥ 15 fix
FARA 24 MRS EIE S RAENE RS
SIMCA 14.1 A, #4T PCA. FSLHIBALHT 2 4
TR BRTHEREAN 89.6%, BiMIRT 2 AN RS>

#3 ST UMEINEE n=3)
Table 3 Contents of 24 components in Daochi Pills (z = 3)

FESE/ (ugg™)

i SRR A A AR TR ﬁ%& o %%ﬁ ] ﬁ&a S
KA BE R O ST
S1 739558 202792 122881 284.48 104.74 2097.11 285.72  529.71 408.54 50334 29.88 6448
S2 766721 1896.28 1163.63 23532 101.67 1919.74 276.74 47647 388.71 42192 3233 5851
S3 775414 2028.34 1174.07 24741 102.13 191247 296.27  542.63 370.88 436.89 30.79 59.26
S4 776432 197223 128874 257.13 100.17 1964.68 28126  493.24 394.82 460.71 2819  68.52
S5  6217.33 1691.12 843.81 131.81 71.67 173921 273.17 433.14 293.64 599.12 49.52 157.52
S6 595551 1652.61 941.32 138.87 7322 1737773  210.52  470.55 320.65 530.76 51.88 151.90
S7 575417 1586.81 946.42 134.88 77.65 163838 206.12 490.46 294.74 338.13 5142 181.27
S8  5780.28 1611.62 904.22 125.73 78.03 160574 199.19 376.71 306.11 362.81 49.27 173.71
S9  5968.62 1631.92 864.23 129.26 69.87 1558.66 20347 389.94 29132 350.67 47.96 158.00
S10 5817.34 163548 93541 132.54 80.97 154732 201.16 417.53 287.76 340.74 46.99 149.64
S11  3650.67 1371.74 404.40  69.88 3622 127881 24451 35543 36882 31740 1536 1344
S12 3643.45 1400.32 392.14 7212 38.02 130858 269.14 355.78 355.14 41534 7.54 1211
S13  3409.12 1468.57 35332 52.16 40.89 1360.12 260.22  325.17 332.52 407.07 1393 16.19
S14 3799.71 1422.66 469.11  65.82 46.45 1231.07 239.23 38092 37857 338.20 6.83  15.65
S15 357837 1461.75 416.30  62.03 4352 135446 255.17 327.47 38831 361.94 6.94 1095
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S1 19592 28.58  399.72 4095.70 557.64 3326 180.32 186.84 46.77 1001.50 5364.94 562.61
S2 20433 3148 381.37 418833 509.12 29.89 184.87 196.32 46.29 1047.14 5868.30 677.37
S3 23638 21.64 451.50 3810.17 576.70 33.09 22484 153.40 43.01 1 141.11 5921.47 494.74
S4 184.12 21.31 37457 415544 54473 3029 217.12 18047 51.17 948.61 568721 499.62
S5 359.66 2592  787.32 3087.27 747.27 3399 131.90 81.74 139.32 1163.07 466543 317.44
S6 357.67 4041  752.61 3406.71 762.88 6891 111.76 98.52 153.41 1023.74 4787.54 374.20
S7 351.27 5236  827.06 2842.09 751.63 74.78 12091 90.37 154.56 971.61 4300.20 310.94
S8 34030 47.71 74523 288722 673.74 7635 112.52 95.99 161.54 961.22 4288.40 393.07
S9 388.17 59.52  671.50 3149.64 717.81 63.22 11144 72.31 172.30 976.31 4251.16 349.29
S10 355.77 4293 804.64 3104.76 71320 70.51 116.53 86.74 147.47 1187.84 425272 280.11
S11 50.14  11.71 9583 1921.79 33420 16.13 99.90 57.63 22.52 1216.76 5219.74 258.54
S12 73.66 17.73 122.82 2108.24 32436 16.66 80.05 56.78 21.68 118532 5336.68 305.42
S13 59.86 10.26 108.44 2160.20 295.32 13.96 78.84 56.73 19.42 978.20 5270.34 307.80
S14 64.96 1588 146.67 1866.46 30543 2553 70.31 69.21 19.13 1033.50 534231 308.78
S15 7335 14.64 83.83 1851.21 291.51 20.54 94.68 66.41 17.68 1137.84 523211 295.51
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Fig. 4 PCA loading plot of 24 components in 15 batches of samples
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