Y5 “2.47 A “2.57 TUHAFH iR AL TT AN
GT L8450 TN TN HE&E T
VEST, @ e [(40£2)C, RH (7515)%]-
KR [(25+£2)C, RH (60+5)%]%%, 7 5HT
0, 3, 6 HHUFE, HEMEE., /Koy BHERTHY
(SR EZ I 2010 FRPAT). ERIE S,

RS mREREARAMKNPXBE RS

Tab. S Results of accelerated and long-term testing

T2 Y%
BEEL g K5M% X TAN%

fEN el HONTU (<5.0%) TA, A4y TA; A HAbA S
(Z=78.0%) (<17.0%) F1(<5.0%)
gt 0 413 0.46 89.9 8.7 1.4
3420 1.5 88.3 10.8 0.93
6 419 2.6 87.3 11.9 0.76
KR 0 413 0.46 89.9 8.7 1.4
3 428 1.1 89.6 9.9 0.45
6  4.05 1.6 89.5 9.6 0.85

KA A A= S A SR S B %
Fi7, GTREEMEER 4.13 NTU. JEAK
WHAI B e MR, B AR e,
LA, Kaysghn, &ERT TA, Ao
AL BERT TA; A2 Ml HAhd sy 2 FAE
2.

3 g

TS B 7 WA 200 mg(20 T
A1), PR EBL 3 mL 4 HKIGME A H, &
EFASE SR T EE 24 mg Ay, BHH

TR A AN EAE>5.0%, UL 3%, &
SO B B A i R R A N SN E 2R
6 mg, [N FH R T EANN S E
214 18 mg.

ROWE 400 NHE ARG TREGER, g
E . FDA (AEvGtEsksrfam ) Uk, mTHT
BRI S S O T R B s N B . SR T R
R & SR T R IR R E N 4.13 NTU,
SR 5K 2 R A B A= 1) 200 mg BUAK S F B
T (A% I8 R R i B AAE N 6.66~7.27 NTU,
F WA TR A 0 S 8 2 g b T B AR %
T L 28 RO s 5 A8 B b B
P AR TR

R FHZ 7 0 2% B A AN R S B
T, WEIE AR T R R, R RUE R, AR
Jeibt, xR AP EA R S5 B
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WA H#A: 2015-08-07

HPLC SR KEE AR E R LR P RXRE . BKRTAAE. FIERER .
ETEA 11-FE-p- LB BN SE

MR A2, R4 B GRYInmhER:, 1% EY) 518033)

WE: B ZEIRMERALBA T RAEL, RATAE. K., HETRP 11-#4-4-TBILF0m 44 HPLC
ik, 3k KA Agilent Zorbax TC-Cg &4, ANAA TH-0.5%FEB %, WikA 1.2 mL-min™', #6Z 20 M., #h4f
EHI0uL, HB A 35 C AR RARF KATHAF T AR 11-8 - TBSLA B AR M R JE 2 %) & 1.25~25.00,
0.50~10.00, 10.00~200.00, 0.50~10.00, 0.50~10.00 pg-mL™' A 5% HRMMEERIFHXRE L Z; HEE, BEKE, &
B PiX B #h RSD 3 <1.0%; 3 ubik &5 51 4 100.0%, 99.4%, 99.1%, 98.9%, 98.6%, RSD 414 1.33%, 1.38%,
0.79%, 3.12%, 1.26%(n=9). £5it & =M. Fah. EILMEIF, THRKRKR R QR RAEEIBIRIE,
KEEIE: RARKR A RAE; BRWTAE,; MR, AL, 11-BE-L-CmILEFR; HréEx; 43N
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Simultaneous Determination of Gastrodin, Imperatorin, Ferulic Acid, Pulegone and Acetyl-11-keto-
f-boswellic Acid in Tianma Toutong Tablets by Wavelength Conversion HPLC

CHEN Xiangling, CHEN Hongjun*(Shenzhen Traditional Chinese Medicine Hospital, Shenzhen 518033, China)

ABSTRACT: OBJECTIVE To develop a method for the content determination of gastrodin, imperatorin, ferulic acid,
pulegone and acetyl-11-keto-f-boswellic acid in Tianma Toutong tablets simultaneously by HPLC. METHODS The
determination was performed on Agilent Zorbax TC-C;g column with mobile phase consisted of actonitrile-0.5% phosphoric acid

solution at the flow rate of 1.2 mL-min”"

, gradient elution and the injection volum was 10 pL. The column temperature was 35 C.
RESULTS The linear ranges of gastrodin, imperatorin, ferulic acid, pulegone and acetyl-11-keto-B-boswellic were 1.25-25.00,
0.50-10.00, 10.00-200.00, 0.50—10.00 and 0.50—10.00 pg-min~', respectively; RSDs of precision, stability and reproducibility
tests were all <1.0%. The average recoveries were 100.0%, 99.4%, 99.1%, 98.9%, 98.6%; RSDs were 1.33%, 1.38%, 0.79%,
3.12%, 1.26%(n=9), respectively. CONCLUSION The method is accurate, sensitive, credible, and repeatable. It can be applied
to the quality control of Tianma Toutong tablets.

KEY WORDS: Tianma Toutong tablets; gastrodin; imperatorin; ferulic acid; pulegone; acetyl-11-keto-S-boswellic acid; HPLC;

content determination

RIS A wscak T B 25 48 2010 FFRR—,
ZAH AR, ATEL NEL H¥E. BIF. AF 6
MR G K, HAA FRIMAL R BRI 2 Thak,
I PR FH T A1 86 X FE 5% i BEL 5 B I o 2 % o S5
WIEKI . HIE, Bgell, JRRLIm A 25 SibR e 5
SCHR A R PR 2 AT 2 R e T L E R
FERA L AR ST PR A 9% KRR Sk b KT 3R
5B BRER (1 52 B g R0, E ST R RR KR
22 Fa AR BR 0 s I S 7k I A 1 R ARG
R 5 2L RS OR JRR S i 1R BRI o 2] o () 98 o 7 5
RERIIFEAR R R IR, 9 IEF = (48 F5 &
S RBTELR, EIEMTRbR R A RRETER 2R, JRIT
(IFE AR B A AT IR, FLA& FRAR R 11-$k
F-p-C A ER, AL EHIRELT RIKE. KX
ATEA R BTERRR . HHE A B AN 1 1-FRIE-B- AL &
1% 5 Fh4e b A4 [F I E 1) RHPLC 5%, 4583
B, iZpikf e, ik, REUTE, ATHT%%
(1 o B A i
1 X5

Agilent 1260 %4 HPLC 1 (3 [H Agilent A 7);
KH2200DB 2 75 5 A 2% (B Ll i A A e A
B2 #]); XS3DU BY H 1 K7 (Bif - Mg e - HE 81 2
AT

RIRZ . WRETHAZR . BOBRIR . AT B AT 11-
P I -B- T LA TR R (P A L 24 A S
ki, 5. 110807-201206, 110826-201111,
110774-201108, 111706-201004, 111760-201301,
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4. 95.4%, 99.7%, 99.6%, 99.8%, 99.3%);
KMk HR(RERLAGWVERAF, #5:
20130802, 20130803, 20130804, 20131101,
20131102, 20131103, Hlks: 031 gX368S); 2.
R B Al (32 [E FISHER A A))s HoaR il 7 o8 2 #r 4
KA A il K.
2 HESHER
2.1 k%t

% fE . Agilent Zorbax TC-Cg(250 mmX
4.6mm, 5 um); WsIAH A NG, WBEIMHB A
0.5% B IRIA I, KRR BEM, BElfEF WL 1;
JiiE: 1.2 mL-min™'s #iE: 35 C: S BAERHK
M5E; BEFEE: 10 pL.
£1 RAMBERBER

Tab. 1 Gradient elution of mobile phase

i 1] /min WHNAH A% WA B/% K /nm

0 4 96 220

6 4 96 220
13 10 90 300
23 25 75 254
25 90 10 254
26 4 96 220
40 4 96 220

22 I

22,1 BEHASRIEBRHIS BORMRKIE 20 f
bRk, KRR, Wigl, B 2.5 g, KRR
S, FEEIMANFEL S0 mL, %%, MREER, @5
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RO (T2 250 W, #ii 40 kHz)30 min, & & 24 h,
PR3E )5 B AL PR 30 min, FAREEE, HHEE
BRI ER, A, R, RS
20 mL, BHIEIHE S, 2T, FRER%MN/K 50 mL,
FREER, HWMAELAH 30 min, BREESE, AKX
HEWRE R, B, L, BEWNIEIER
25mL, H 4R CBRRFESZEC 5 k(205 20, 10,
10, 10 mL), &L OB, H/K 10 mL JR$E
P 1 Ik, AR, AT, BREINKA B
filt, ¥ 2 10 mL &, M shHH(A © B=4 : 96)
B ZI T, $225), F1 0.45 pm LR AL IERR JE L,
I aRgE, RIS,
222 0P RE VAV S R SRR R N I
fi,  BRCET A 20 B, BT BRI 0 R, A Y e P
SRR S AN 11-FRIE-- OB AL EF R A R G &=, BT
[f— 10 mL KRt i, INAGLBIHH(A © B=4  96)
IR EZIEE, $225), BSR4 0.025,
0.010, 0.200, 0.010, 0.010 mg-mL™" fIE &%} #
Al VTR o
223 BAMET GFEIE I RIE S TR b U7 s &
TEMMHIAERIE. EIE. E D 25, FFF.
FLAEAM P BATERE S, F% “2.2.17 TUF J5ik
24 VR SV R
23 LEMil

R AW “2.27 TR A W . 0 R
W 2 EABWAS 10 uL, 7N HPLC 1Y, % “2.17
TR R SR e, il g, WK 1. 7R
ZEEFMT, 5 PR PR BIIR L B . oA
JR U J% 2 6 BRSO A7 DU 23 ¥ TE T4t
24 LMEKRRHEE

Iy RS B WEL “2.2.27 TR GRS 1,
0.75, 0.5, 0.2, 0.1, 0.05mL, BT 1 mL &EfEH,
SRILLVREIME(A © B=4 : 96)ER, 4, BEA
[ BE I RPN, 4% “2.17 TN i & dh
DSE o DI BT IR B () WAL AR, TR (V)N
PNABBR, HEATERMERIE, BV 5 R R 2R Y L
* 2,
2.5 XERKEE IR

HU “2227 BURXTHE VARG R, % “2.17
TRl SR AR IE BRI E 6 IR A5, RIKE.
BRATEAZR  BTZRER . SHEGT B AN 11-BRAE-B- £ A
FELH RSD 43514 0.31%, 0.39%, 0.45%, 0.67%,
0.97%, FRIAACENGZ E R IT .
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C
0 5 10 15 20 25 30 35 40

#/min
1w RO i
ARG X B-fikdh; C-PItE A I a: 1-RERER: 2-FT8l
12 3-BKATHIER: 4-MAER; S-11-HREE-B- L AL B IR
Fig. 1 HPLC Chromatogram
A-mixed reference substances; B-sample;, C-negative sample;
1—gastrodin; 2—ferulic acid; 3—imperatorin; 4—pulegone; 5—acetyl-11-
keto-f-boswellic acid.

®2 EAFEER&ERE
Tab. 2 Results of regression equation and linear range of 5
components

LRkl

B 4y EVEp B
pgmL
RIRE Y=3 267.2X-638.5 0.999 5 1.25~25.00
LGS Y=6 123.1X-628.9 0.999 3 0.50~10.00
R BE R Y=53 167X-5 812 0.999 2 10.00~200.00
707 Y=33 895X-5 763 0.999 3 0.50~10.00
-2 Y=31852X-6318 09990  0.50~10.00

2.6 FaoE i

B “2.2.17 TR AR S S 20130802)
EE, HE 0, 4, 8, 12, 16, 20, 24 h,
2 “2.17 WU OG5 AF I E . S5 R RRE
BRATEAZR  BT2RIR . AT B AN 11-BrAE-B- £ A
FER ) RSD 43514 0.33%, 0.38%, 0.28%, 0.48%,
0.91%, FIHLEMIEIRAIE 24 h NARETE RIF.
2.7 EEMHRE

BURE SIS 20130802)& &, % “2.2.17 T
THER SRS, L6 4y, % “217 WF
SRR E . R RIRE . RKATEHZER . B
BR . SHEATERA 11-FREE-p- CBEFLEFFR Y RSD

AN 0.76%, 0.89%, 0.51%, 0.58%, 0.63%,
KA EE RIT.
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2.8 Il e

W m & 'R amEtt 5 20130802)& &, 3
91, AMA—EERRMKE. BRATEHER . P2
R EH T AN 11-FR I -B- 2B 7L A R S HE A T
W, 4% “2.2.17 BUF J7 i A mid i, % <217
T 1l 2 A A I IR IR Rl R, AR
W3 3.

#z3 WHEERERBER09)
Tab. 3 Results of recovery test(n=9)
FEmS AR/ JUEE/ EERE SFINEE RSD/
H/mg mg mg W% EUCRY% %
0.081  0.065 0.147 101.54
0.080  0.066  0.146  100.00
0.078  0.063  0.142  101.59
0.076  0.081  0.156 98.77
KEEE 0073 0.077  0.149 98.70 100.0 1.33
0.079  0.074  0.154  101.35
0.075  0.121  0.195 99.17
0.079  0.119  0.199  100.84
0.082  0.117  0.197 98.29
0.076  0.061  0.136 98.36
0.075  0.064  0.138 98.44
0.072  0.062  0.135  101.61
0.071  0.085  0.155 98.82
FKATHIZE 0.079  0.088  0.166 98.86 99.4 1.38
0.082  0.081  0.161 97.53
0.083  0.125 0209  100.80
0.077  0.123  0.199 99.19
0.081  0.119 0201  100.84
0249  0.201 0.451  100.49
0255 0210  0.463 99.05
0263 0205  0.465 98.54
0254 0251 0.502 98.80
MIEEEZ 0267 0258  0.522 98.46 99.1 0.79
0259 0255 0511 98.82
0.261 0305  0.561 98.36
0251 0301  0.550 99.33
0262 0308 0571  100.32
0.031  0.020  0.050 95.00
0.029  0.022  0.052  104.50
0.027  0.025  0.052  100.00
0.032  0.035  0.066 97.14
BT 0.033  0.034  0.066 97.05 98.9 3.12
0.029  0.031  0.059 96.77
0.030  0.038  0.068  100.00
0.031 0.036  0.066 97.22
0.031  0.039  0.071  102.56
0.603  0.483 1.080 98.76
0.612  0.485 1.090 98.56
0.609  0.481 1.082 98.34
H-FRFE- 0611 0.601 1.200 98.00
p-ZBE 0601  0.606  1.190 97.19 98.6 1.26
AFEm 0612 0.603 1.210 99.17
0.610  0.721 1.321 98.61
0.602  0.718 1330 101.39
0.605  0.723 1.308 97.23

D%

2.9 FEREENE
6 #HETR R K P dh 28 B, 4 2.2.17
TR J7 ik Bl A L IR €217 TUT il
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SRAFHEREIE, TS Rl & &, AER UK 4.

x4 HEREENEER0N3)
Tab. 4 Results of content determination of samples(n=3)

& /mgg !
it 5 L R 11-H5E-p-
KRR BRATHIR BIBRER W) AT
20130802 0.158 0.162 0.583 0.085 1.247
20130803 0.167 0.166 0.605 0.071 1.233
20130804 0.161 0.154 0.611 0.077 1.256
20131101 0.183 0.141 0.522 0.056 1.287
20131102 0.178 0.159 0.513 0.059 1.244
20131103 0.171 0.162 0.637 0.071 1.235

3 g
3.0 R LR

TR AR K 220 nm', R AT #A 2 10
i KA 300 nm), B B R A AR I KA
316 nm'®, 2B SRR I, BT S 11- 5 -p-
LI FLERR D HITE 254 nm 5 250 nm 4 F KK
o A % e SAE Fe s RO R HEAT I E
RN ITER R, R BARPAAT ML
XF It 5 Bl 2 iy AT I E
3.2 BN IR

1522 SR 6 1000, ARAE FE A o 1 40 1
ALV A i AT 0, R T L MR R 4
I BEAT S B SRR BRI B 7 . SRR, K
M CHGE-WERR - K R GEEAT R LW, 25 B3 B 0
RORE L o
3.3 il mIERE

%52 Agilent Zorbax TC-Cg. Agilent
Zorbax SB-Cg. Agilent Zorbax XDB-Cg. Agilent
Zorbax Extend-C;s. Agilent Zorbax XDB-Phenyl.
Agilent Zorbax SB-Cg, M Cigv Cg ZRIEAE 3 FIH
BIHEAT IR %, AR ORE A, R T, PSR
B B EHATIE. Horp Cou RIEHM: 2 FhIERL
IETEAR 2, Cis SRHIIETE LLEUTF . 1E Cis SR}
) 4 MRS R Ad, ST TR, RS
5E | Agilent Zorbax TC-C 3.

T A B2 BT FT & 1 TR dn A bR AL, A
PR —ANRbe R E o, Ml 2 T
ZARBRHAT A7 G, DLRIEZ S BT A
SEUR I HPLC P e ik [ I 00 5 R R S T A
ORBRER S BRATEIER . BIBRIR . WA R AL 11-Fk
Fe-p- QIR FLETR 5 MHRIRT IS & 1205 REE
L, RIS P R AE P s PR S KA .
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HRITTEN GC MEETFEFIEPEFLF R

F—E', B AET ', T 0 eemusAEE, WD ©F 3210000 2WTEEZNERAT, WL AN 317000; 3.
WL T KL% R, i 310014)

WE: HE 2 S0 & AR5 R 45 F AR (S)-(0)-3- 3K P BEE L -2-F L R B 09 K 5 F MR L R (R)-(+)-3- K T ez L -2- 7 &
RIS R TTAT AL GCo F53E A KA D-(+H)-2-F BE 8 (S)-(-)-3- K F LA 2-F & R B A B B ATAT AL AL 22| £F
& 7 #vA Agilent DB-1701(30 mx0.53 mm, 1.0 pm)AE 4 5474, L R A AR A, ik 4 2.0 mL-min™", % B8 E 4 250 °C,
BHOEBEHN 200°C, BEABSAER, #HEEH 1.0 pl. ER AFLERR)-(HD-3-ETFTBHAL2-FTARBRE 322~
121.44 pgmL™ A& M £ 2 BIF(=0.995 2), EEMRA 3.22 ngml™, mHEDKEH 99.6%~102.4%, H WA= B 4% K
RSD #<2.0%. £5it S kBEHRE. $EME, KA RAMUE. 55, 2R EHRS, TAMF, TH TAFEH
45 W RAR(S)-(0)-3- K T ks A 2- P A Am oL F R 4w &,

KR E5EA45; PR, RRE A AsEiEk; HEAATAR
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Determination of Optical Isomer Impurity in the Intermediate of Zofenopril Calcium by GC with
Pre-column Derivatization

ZHENG Yimeil, MIAO Feiz, ZHOU Fuful, WANG PingS(l.Jinhua Polytechnic, Jinhua 321000, China; 2.Zhejiang
Huahai Pharmaceutical Co., Ltd., Taizhou 317000, China; 3.College of Pharmaceutical Science, Zhejiang University of
Technology, Hangzhou 310014, China)

ABSTRACT: OBJECTIVE To establish a method for the quantitative determination of optical isomer impurity in the
intermediate of zofenopril calcium by GC with pre-column derivatization. METHODS Using D-(+)-2-Octanol as pre-column
derivatization reagent, the optimal chromatographic separation was performed on Agilent DB-1701(30 mx0.53 mm, 1.0 pm)
column with nitrogen as the carrier gas at a flow rate of 2.0 mL-min"', the detector temperature was at 250 °C, the inlet
temperature was at 200 ‘C. The temperature program was used. The injection volume was 1.0 pL. RESULTS The calibration
curve was good linear relationship in the range of 3.22—121.44 pg-mL™" for the optical isomer impurity (R)-(+)-3-benzoyl
thiol-2-methyl propionate(+=0.995 2). The limit of quantification was 3.22 pg-mL™". The average recovery was 99.6%—102.4%.
The RSD of intra and inter day were <2.0%. CONCLUSION The method is simple, specific and accurate with good
repeatability, which can be used for the determination of optical isomer impurity in the intermediate of zofenopril calcium.

KEY WORDS: zofenopril calcium; intermediate; optical impurity; GC; pre-column derivatization
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