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[ Abstract |
(QAMS) for determination of butylphthalide, senkyunolide A, and Z-ligustilide in Tianshu capsule. Method: An

Objective: To develop quantitative analysis of multi-components with single marker

HPLC method was developed for simultaneous determination of butylphthalide, senkyunolide A and Z-ligustilide,
and the chromatographic peaks were identified based on the UV spectra and accurate molecular weights obtained by
UPLC-Q-TOF/MS. With butylphathlide as the internal substance, relative correction factors ( RCFs) of
senkyunolide A and Z-ligustilide to butylphathlide were calculated at single wavelength and different wavelengths
respectively through slope analysis method. Relative retention value method was used for positioning of
chromatographic peaks; external standard method ( ESM) was used to verify the result accuracy. Result; QAMS
method was established for the determination of butylphthalide, senkyunolide A and Z-ligustilide in Tianshu capsule
and RCFs of senkyunolide A and Z-ligustilide to butylphathlide were 0. 272 and 1. 056, respectively. The contents
of these three marker compounds were 0. 008% -0. 036% , 0.023% -0. 125% and 0. 028% -0. 084% in 18 batches
of Tianshu capsule samples. No significant differences on the quantitative results were found between QAMS and

ESM. Conclusion: The established QAMS method with butylphathlide as the internal substance could be used for

the determination of butylphthalide, senkyunolide A and Z-ligustilide in finished products and manufacturing

process of Tianshu capsule.
[ Key words ]
Tianshu capsule; HPLC; UPLC-QTOF/MS
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2996 R RO AH (35 R 4, Empower 3 T /E Ui, Vexo
G2-S # UPLC Q-TOF/MS B¢ X ( Waters 2] ) ;XS
105 & 1/10 K ¥, BSA224S-CW #I 1/1 J5 K F
(Mettler Toledo)

Phenomenex Luna C, (4.6 mm X 250 mm,
S wm), Agilent C; (4.6 mm x 250 mm, 5 pm),
Kromasil C,; (4.6 mm x 250 mm,5 pum) &%+, 18
I YRR 4 DRy VL 303 e i 240l B0 AT BR 22 w4 AL
o A . Z-35 R P PR X RE Y (it S 111737-
201406 ) M F v [ B it 24 dh A € WE 5T Be L 1115 N
Bi A (it 5 ZAOBISBCI3 ) Al T Ak % Bk (it 5
RJO721FA14) Xf BE 58 ) - it 5 22 Py BB R A
Al (HPLC=98% ) , W s il & JiF oy €5 33% 9%, Ik ey i 2
K (AT e iy iy 4 AT A BR 22 w1 ), Al 3 590 o o
Mraki .
2 AEEER
2.1 VRIS NER A, T BEARERA Z- B N T () 25
E TS ST
2.1.1 4% %1+ Phenomenex Luna C, { % ¥
(4.6 mm x250 mm,5 pm) , i 3 A N5 -0. 1% B R
JKVEW(42:58) %L 1.0 mL-min ™" FEiE 35 °C L4
9% K 228,280,328 nm, & 10 pL, FiR A%
ZEAFTR R G0 I R R A B 9 HPLC BLIAT 1, 3
JIE N A, T BB Z-55 A PN TR 78 25 Ao I % K
TG H A A5 Sy B B R A W AR A
T R — 2 3 e R 4 5 AP WO 1 A B S5 A A
TN B b €035 W ) 2 BE R AL S 0 RS B RE X 3 B
iR AN IO WLIE 2, UPLC AR B it UL
K3, &4k G W Bk s W3k 1.

W 5T 73 25 A 9 Waters XBride (4 3%+ (2. 1
mm x 100 mm, 1.7 pm), 3K 340 Z fE-0. 1% H fig /K
(42:58) i 0.4 mL-min "' [EE PR, BHE
HLHE 3.0 KV, HESLHL T 40 V2 7w & i R 80 V,
PR 100 °C, i %50 R B 150 °C, o L i 50 L
h=', % R W 300 Lo hTh, G
m/z 100 ~ 1 200,
20,2 X R R B o
F1 LEW1-~3 HRIEHE
Table 1 MS data of compounds 1-3
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Fig. 1 HPLC profiles of mixed reference substances and

Tianshu capsule
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Fig.2 Ultraviolet spectra of senkyunolide A ( A), butylphathlide
(B) and Z-ligustilide ( C)

THEEORECRN Z -3 A N TR 6T BRSOl R B AR,
PP ) BT B AT 25 N A 0.375 gL, T
FEHETL 0.268 g-L~", Z-#i A PR 0. 430 g- L' 1y %t
PRV W o 43 IR b 3R 6T Rt 8 VAR IR R T 1 1
8 AN BE 1) R 91 ) R VU

2.1.3 LM A s BORET RN A, B
g, PRI 1 g, K%K, B 50 mL HLZEHEIE P,
K& M 50% W EE 25 mL, Fr 5 ot & , 8 75 A0 2 (2
#.200 W, i % 53 kHz) 30 min, ¥, B E R&,
FH 50% F B AR J2 802K 1Y BT &L, B AT, B0 (14 800

[ia=x7] ¥ IR/ m/ 2 W 5E B/ m/ 2 1R 2/ ppm
N NES A CiHi0, 193.1229[M +H] * 193.122 I[M+H] * 4.1
T HRIE K Cp,H, 0, 191.107 2[M+H] * 191.106 3[M +H] * 4.7
Z-F A N R CiH, 0, 191.107 2[M +H] * 191.106 4[ M +H] * 4.2
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| 3 remin ') 10 min, B _E W, BI45 .
I | A 214 LHEXR KGR ERR W2 L2 5 F
S L XS B VG BE 10 WL, 53330 7E 228,280 F1 328 nm
o 1 33 4 5 6 7 8 5 M RBAT SRR P A, TSI Z- 35 A Ay 16 £ 0 i
3 B R REUERE 3 UK, O B, LA vk E X 0
1 TRV AT ] U5 b B0, 43 30425 I 3 4 R 4% i
| S SR TH TR G L 20 4R IR A5 LA 0 5K Ik
o2 3 e s e 78 9 KA, 5 W L (S/N) Sy 3 Ik Aty 0 R kS 6 W R

S/N Iy 10 B iy HEFE O e BERR o
2.1.5 MRS IR — X A R LR A
AR ERE 6 Uk, DN A5 I T AR AR 0 {E, 1R 228,

L VRN E N Eg A2, T 3EORRK 3. Z-35 A% P g
B3 XTFREANEBFEIZIEEFR(A)F UPLC(B)
Fig.3 BPI (A) and UPLC (B) profiles of Tianshu capsule

F 2 NER SRR # & 40 BR F1 7E = R
Table 2 Regression equation of senkyunolide A, butylphathlide and Z-ligustilide

RN % BRI R? LAET /g 7E 1 B /ng o M B/ ng
PENE TS A (228 nm) Y=6612.0X +13 087 0.999 7 0.029 3 ~3.75 - -
TR K (228 nm) Y =2 7867X +49 292 0.999 8 0.020 9 ~2.68 2.69 1.35
Z-H#E A% Y1 (228 nm) Y =15 766X +37 066 0.999 7 0.033 6 ~4.30 - -

P TS A (280 nm) Y =7 543.9X +15 607 0.999 7 0.029 3 ~3.75 1.1 3.71
T HIER (280 nm) Y=4942.3X +7 473.3 0.999 8 0.020 9 ~2.68 - -
Z-#i A% Y1 (280 nm) Y =23 244X +53 572 0.999 8 0.033 6 ~4.30 - -
Z-# A Y 18 (328 nm) Y =29 398X +67 255 0.999 8 0.033 6 ~4.30 83.9 42.0

280 nm FIUAREE I B A, T DR K 0 T AR Y
RSD 4351 1 0.4% ,0.4% F1 0.4% ,0.7% ; {F 228,
280,328 nm 75 Z-FEA Py 15 0 1 AR A9 RSD 43 51
$10.3% ,0.5% ,0.4% .

2.1.6 FOEMIKE  HUE — S SR BIAE O,
2,4,6,8,10,12,24,36,48,72 h gE R 2. 45
228,280 nm FIUAR I ES N R A, T3 R IR 04 1A AR
() RSD 43514 0.8% ,0.4% 1 0.5% ,1.9% ;228
280,328 nm U153 Z-FEA Py 15 0 1 AR A RSD 43 51
H0.9% ,0.8% ,0.9% . %553 B AL B (1 A 5
VSWAE 72 h NS E .

2.1.7 HwEEMHIRKE R RS R (S
110607 ) N2 1 g, 4k 6 o3, 4 B 5 i W il 45 7
PoPAT RIS AR, 2 B HERE 10 WL, 78 4% 143 e K
ISR < A I A5V 1T ES PN R A (280 nm ), T A DR K
(228 nm) Fl Z-HEA AR (328 nm ) (Y 5 1t 53 5053 5l
7 0.067% ,0.024% ,0.045% ,RSD 43 5|k 0. 6% ,
0.4% F10.8% ,

2.1.8 JmAERIcE FRICE — KA I (S
110607 ) 25 0.5 g NGB FRAE , 43 5K 26 A KT B

NN A, T IR ECN Z-25 A A I (2940 35 T 4%
FEah & 80% ,100% ,120% ), 42 13 A fil 45 01
T A A A R, A S I e R AL Ak
T N A B A (280 nm) |, T HEIRPK (228 nm) Al
Z-BER NI (328 nm) (9 35 38, TSR [l &5
RIFE3,

2.2 QAMS T M A iy e 7

2.2.1 Fpi AR AR XSRS IE 5 B9 3H5E FORTAE XS
BT R F 1 T 5 iR A R R R & R E R
PRI B, T RLR A (R ok RE A Ok TR I
HEREAR ] A4 FR, W T AR 5 R A ok R R AT ] 0 Ak B
PRV T 12 5 2 )R IE YR R D [) — % 1R A ik
JEE BEFEAS [R] A BUIN i g e T AR5 o R R AT (e 0
Qb PR BN METT B o ARSI O Bl 5% T A ] R
7w e e i SRR U0 e S RS A
M Z-FEAR A BRI RCFs, W3R 4. 45 3R WA 7] ¥k
JEE A () (A AR ] — e B2 AR ) 4R AR XS RCF 52 )
BN RN RS 2 0k U, B R L 13 B 9 RCEs
T 2258/ o R, A 82 R R R k3 B RCFs
frafits.
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F3 RFRBEPFENZTNE A, TEXEF Z-F5 74 ) ER B 04 @ 4 2
Table 3 Recovery of senkyunolide A, butylphathlide and Z-ligustilide in Tianshu capsule
i Wix FrEEit/ g FEf iR /mg A&/ mg W54/ mg [l 4 ./ % FYIEH % RSD/%
VEN = R A 0.500 3 0.335 0.270 0.610 101.9 100.9 1.1
0.499 7 0.335 0.270 0.610 101.9
0.499 8 0.335 0.270 0. 609 101.5
0.499 9 0.335 0.338 0. 675 100. 6
0.500 1 0.335 0.338 0. 670 99. 11
0.500 0 0.335 0.338 0.676 100.9
0.500 4 0.335 0. 401 0.737 100. 2
0.499 5 0.335 0. 401 0. 744 102.0
0.500 3 0.335 0. 401 0.734 99. 50
Z-H5 A N iR 0.500 3 0. 225 0.192 0.413 97.92 96. 67 1.4
0.499 7 0.225 0.192 0.410 96. 35
0.499 8 0.225 0.192 0. 409 95. 83
0.499 9 0.225 0.231 0. 452 98. 27
0.500 1 0.225 0.231 0.453 98.70
0.500 0 0.225 0.231 0. 449 96.97
0.500 4 0.225 0.269 0.482 95.53
0.499 5 0.225 0.269 0. 481 95.17
0.500 3 0.225 0.269 0.481 95.17
T 3L 2K Bk 0.500 3 0.120 0. 090 0.210 100.0 100. 0 1.8
0.499 7 0.120 0. 090 0.210 100.0
0.499 8 0.120 0. 090 0.211 101. 1
0.499 9 0.120 0.112 0.228 96. 43
0.500 1 0.120 0.112 0.233 100.9
0.500 0 0.120 0.112 0.235 102.7
0.500 4 0.120 0. 135 0.253 98.52
0.499 5 0.120 0.135 0.256 100.7
0.500 3 0.120 0.135 0. 255 100.0
F4 PEEFMERETENENKERF
Table 4 RCFs calculated by different methods
BRI % ik
R U0 B 43
228 nm 280 nm T S AL 228 nm 280 nm e W AL
VENE T A fi 0.237 1.526 0.271 0.252 1.542 0.267
) 0. 240 1.543 0.273 0.231 1.511 0.264
HFH XA 22 % 0.63 0.55 0.37 4.3 1.0 0.56
Z-A S £ 0.566 4.703 1.055 0.554 4.732 1.037
) 0.568 4.724 1. 058 0.557 4.704 1. 042
X 2 % 0.18 0.22 0.14 0.27 0.30 0.24

TE 7 R MO I AR A 3] i) RCF: T IR 228 nm , )11 5 MR A 280 nm, Z-HEAS N iR 328 nm; /) 15 AN [ e J8 XoF Bt it 0 YR Ao AT T 125

S A8 TR] — e JEE o R YR R AN TR PR

2.2.2  MAXSAEIE R By i 4 2 4%
2.2.2.1 ik SR Shimadzu & 2800AH @35 &
e BIE i K 228 nm 1 280 nm K AR [ 3
JL( 228,280,328 nm 4b, % [ 3 Fir 1% 4: Phenomenex
Luna C (4.6 mm x250 mm,5 pm) ,Agilent C,;(4.6
mm X250 mm,5 pwm) Fll Kromasil C,4 (4.6 mm x 250
mm, 5 wm ) P 5E T R 23 A W T AR, SR AR SRR R T
BT HRERTO RN N A FIZ-BER N TR RCF,
ZERKWIVENZSAEE A FI Z-FE A IR Y RCF 1Y
- 90 -

RSD #J <3.3% ,

2.2.2.2 SREAHGAIE RS
Luna C, {6 3%FE (4. 6 mm x250 mm,5 pm) , %% T 3
T A Tw) B e 280 AH €5 3% R e X RCFs 19 5% ), 45 5
KW 2 A mmme<6wzhrMEﬁﬁf

¥ F Phenomenex

XA R3S R G 17 I KA OE, LIRS R E /Y
RCFs.,
2.2.2.3 HWR SR Shimadzu R0 A 3 &

8¢, 4y WA A — % K 228 nm Al 280 nm R FIAS [A] )%
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228,280,328 nm 4t , 5% ff] Phenomenex Luna C,, ff,
WA (4.6 mm x250 mm,5 wm) S ERE R 34,35,
36 C il E Ry DU A o3 A 0 DR, B8k 1T RCFs,
SER R WAL IR 19 22 fb X RCFs 347 2 3 52 i, RSD
1 1.8% ~2.8% ,

2.2.2.4 i R M Shimadzu & 508K A 035 £
4 ,Phenomenex Luna C,, (4.6 mm X250 mm,5 pm)
@A, 2> 976 B — % K 228 nm I 280 nm LI J R
[F] 4 228,280,328 nm &b, il 5 A [W] 37 (0. 95,
1.00,1. 05 mL-min ") X AH X A2 1 B F 149 5% i, 45

RS REHERGE T R AL 53 8 49 48 X3 4R B A 8] A0 4R B B e =

REWFEXS RCFs B4 W& 520, RSD <3.4%

2.3 RN NEE A M Z-B5A8 A S €3
AUE AN T SR TAE X 1 PR 1~ 3 B3 R ] 4 %5 ¢
I IC SR B EE AT, EAT T SRR P )1 =5 R AR
Z-BEA N TG A9 A X R B IEIR] (RT, ) AR B I ) 22
(At ) TR S50 W= 15 I B2 18] B AH T O3 B8 Ik 18]
BARSE , RSD ¥ <3% 5 135 I B 4 18] 4 4 B I 1] 22
BECR . WA S,60 P, 7ET7 12 0 B B, AR R
B RS B T E AR A F1 Z-BE AR IR 6

T U Y E £

Table 5 Values of Afy, p, and RTy, g, under the different column temperatures and flow rates

FEVR/C Aty ra RTq,ra Aty ra RTyyra Wi/ mLemin ' Aty ra RTyyra Aty ra RTyyma
34 -2.992 0.900 15.28 1.512 0.95 -3.150 0. 899 15.94 1.512
35 -2.514 0.914 16. 32 1.559 1.00 -2.514 0.914 16. 32 1.559
36 -2.903 0. 901 15.02 1.513 .05 -2.799 0.900 14. 46 1.514
Ty AN NEE Asg h Z-BAR NG d o TR, %6 [,
x6 AEEIERGEMELE TS E HHE TR E B EEREEZE
Table 6 Values of Aty g, and RTy, g, by using different instruments and columns
& [Ny Aty g RTy,/ra Aty pa RTyy g4
Waters_Alliance Phenomenex Luna -2.955 0. 898 14. 557 1.503
Agilent_1200 Phenomenex Luna -3.242 0. 895 16. 134 1.520
Shimadzu 1 Phenomenex Luna -3.102 0.902 15. 643 1.524
Shimadzu 2 Phenomenex Luna -3.036 0.900 15.588 1.526
Agilent -2.514 0.914 16. 315 1.559
Kromasil -2.461 0. 895 13. 381 1.569

2.4 —WNZPFEE SRR E M S SR A R
% (External standard method , ESM ) X} X &F ik 4 v 3
Tl 155 00 g 2 2R A7 B B0 A, T QAMS £ 57 119 15
BG4 E A9 RCFs HE AT & 80, 8 2 Fh oy 3k Br 15 45
JEHA, AR IE QAMS ) 5 1 5 i mT SE 4, 25 L K
B 2 Ff oy vk 0 5 45 5 0 B 25 S, R R A 22 1 <
5% ,WFT~9,

3 iFig

3.1 IR MR AREEE S DA QAMS J7 ik
2E I 5 XS] 22 Ak A X A W g 1) 35 8RR O A E
BB 7 BT T R GEF . A I K il gk %
WA T P9 S 1 58 A1 0 ISCRR AT e AR X V5 T 1Y
3 7 B B E . 228 FI 275 nm iy T ZE K Y
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®7 QAMS MSMRERLMERGFRES 3 FASHEE(228 nm)

Table 7 Contents of three marker compounds in TSC samples obtained by ESM and QAMS (228 nm) %
e T AR TR HIE MR A Z-ELAR N R

7 ESM ESM QAMS A X i 22 ESM QAMS A X i 22
090720 0. 027 0.113 0.110 1.35 0. 066 0. 066 0
100717 0. 036 0.126 0.122 1.61 0. 067 0. 067 0
100718 0. 022 0. 087 0. 085 1. 16 0. 052 0. 051 0.97
110607 0. 024 0.070 0. 068 1.45 0. 046 0. 046 0
110608 0. 029 0. 106 0. 104 0.95 0.073 0.073 0
130306 0. 008 0.041 0. 041 0. 048 0. 047 1. 06
130307 0.010 0. 052 0.053 0.96 0. 058 0. 056 1.79
130308 0. 009 0. 022 0.023 2.27 0. 030 0. 029 1.72
130309 0.014 0.107 0.108 0.47 0. 084 0. 081 1.85
130310 0.014 0. 105 0.107 0.95 0. 083 0. 080 1.25
130403 0. 009 0. 029 0. 029 0 0. 031 0. 030 1.67
130405 0.013 0. 040 0.041 1.25 031 0. 030 1. 67
130407 0.011 0.034 0.035 1. 47 0. 030 0.029 1.72
130408 0. 009 0. 030 0.031 1.67 0. 032 0. 031 1.61
130409 0.011 0. 034 0. 034 0 0.028 0. 027 1.85
14050120930 0.015 0.033 0. 033 0 0. 047 0. 045 2.22
14050120966 0.015 0.033 0.033 0 0. 049 0. 045 4.44
14050120973 0.015 0.033 0. 034 1.52 0. 049 0. 047 2.13

#x8 QAMS FINMRZERTMERFRKED 3 PREKER P HE 2 (280 nm)

Table 8 Contents of three marker compounds in TSC samples obtained by ESM and QAMS (280 nm) %
i TR HEIENE A Z-BEAR A i
K ESM ESM QAMS AH X i 2 ESM QAMS A X 2

090720 0. 031 0.113 0.113 0 0. 067 0. 066 0.75
100717 0.037 0.125 0. 126 0. 40 0. 067 0. 066 0.75
100718 0.023 0. 086 0. 087 0.58 0.051 0.051 0
110607 0.026 0. 068 0. 069 0.73 0. 046 0. 046 0
110608 0.031 0. 104 0. 105 0. 48 0.074 0.073 0.68
130306 0. 008 0. 041 0. 040 1.25 0. 048 0. 045 3.33
130307 0.011 0.052 0. 050 2.00 0. 058 0. 054 3.70
130308 0. 008 0.023 0.022 2.27 0.029 0. 027 3.70
130309 0.015 0. 107 0.103 1.94 0.084 0.078 3.85
130310 0.016 0. 106 0. 101 2.48 0.083 0.077 3.90
130403 0. 009 0.029 0.028 1.79 0. 031 0. 029 3.45
130405 0.010 0. 040 0.038 2.63 0.030 0.028 3.57
130407 0. 008 0.034 0.033 1.52 0.030 0.028 3.57
130408 0. 007 0.030 0.029 1.72 0.032 0. 029 5.17
130409 0.010 0.033 0.032 1.56 0.028 0. 026 3.85
14050120930 0.014 0.032 0.031 1.61 0. 046 0.043 3.49
14050120966 0.014 0.033 0.031 3.23 0. 046 0. 042 4.76
14050120973 0.015 0.033 0.032 1.56 0. 047 0. 044 3.41

.92 .
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£9 QAMS fSMRERTUNERTFREFIFERENSESEREABRBKERTHEENE
Table 9 Contents of three marker compounds in TSC samples obtained by ESM and QAMS-A .. %

L TR S M B A Z-BEA N B

s ESM ESM QAMS X i 22 ESM QAMS T g 22

090720 0. 027 0.113 0.114 0.44 0. 067 0. 066 0.75
100717 0. 036 0.125 0.127 0.79 0. 067 0. 066 0.75
100718 0. 022 0. 086 0. 087 0.58 0. 051 0. 050 0.99
110607 0. 024 0. 068 0. 069 0.73 0. 046 0. 045 1. 10
110608 0. 029 0. 104 0. 105 0.48 0.073 0.073 0
130306 0. 008 0.041 0. 040 1.25 0. 026 0. 025 2.00
130307 0.010 0.052 0.051 0.98 0. 057 0. 055 1.81
130308 0. 009 0.023 0.022 2.27 0.028 0. 027 1.85
130309 0.014 0.107 0. 105 0.95 0. 083 0.079 2.53
130310 0.014 0. 106 0.103 1.46 0.082 0.078 2.56
130403 0. 009 0.029 0.028 1.79 0.030 0. 029 1.72
130405 0.013 0. 040 0.039 1.28 0.029 0. 028 1.79
130407 0.011 0.034 0.034 0 0.029 0. 028 1.79
130408 0. 009 0.030 0.029 1.72 0.031 0. 030 1. 67
130409 0.011 0.033 0.033 0 0.028 0. 026 3.85
14050120930 0.015 0.032 0.032 0 0. 045 0. 043 2.33
14050120966 0.015 0.033 0.032 1.56 0. 044 0. 042 2.38
14050120973 0.015 0.033 0.032 1.56 0. 047 0. 044 3.41
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