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HPLC-MS/MS % [3) Bl E A I 3% it /R 7 &5 F0
RIFiKEREEADNFH R RN A

EZ SRS i S X TN,
PO T2 A 610041 )

HE HH: Z21EARR PR REE (DTZ) ZLEWAK SN2 TBE REE (M) 2 N- £
T M RELE (MA ) JRJE 69 HPLC-MS/MS 7 %, 5t B A TR ERF 2 REBI RAFE R BN FHR,
7% vA DTZ-d4 . MA-d4 F= M1-d6 4 R 4R, 2 TR & 8 )&, £ A CAPCELL PAK ADME ( 50 mm X 2.1
mm, 3 pum ) EEA, KA AL 0.1% FBRAKFe THy, #HATHE RN 2 B . KA AB SCIEX API 4000 fi#%
B, Bk F 5 F R (ESL), & F4348, $ Rop B4 X (MRM ) #t4740m, 24 & k2 XE EANZEHR 0
M DTZ % 30 mg J& K4 fo % #F 5, ¥4 HPLC-MS/MS Ml & o ¥ ¥ DTZ B LR ea & it s A
HOFBATRIT AT, R DTZ. M1 Fo MA Fi 2K E 4 5 0.197 8~40.16.,0.251 1~5.017 F= 0.214 9~20.02
ng-mL SEEREERX R RIF (150998 6) . HFEABAFHGEER, REFTAZXEFLENESE D
MR DTZ k& 30 mg &, DTZ . MA F= M1 49 £ %25 3h F S 3R KA C,, (2221634 ) ng-mL™', (8.38+2.96)
ng-mL™", (1.524£0.70) ng-mL™", 7, (3.19%£1.73) h, (4.25£1.93) h, (7.06+1.97) h, AUC,_..
(197.99+56.38 )ng+h-mL™".(115.78 £29.07 )ng *h* mL™" .(27.22+15.49 )ng - h-mL™", Zif: Fra 7 &
12 Bt  RHGER THRAFRLRBD OB FZHR ., DIZ F= MA 6950 25 R B — B 18] vh 45 2 7 w04
RTZHERATRALEATDIETLIA,
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HPLC-MS/MS method to simultaneously determine diltiazem
and its metabolites in human plasma and its application in
pharmacokinetic studies

PENG Ya-ru, YANG Le-ting, LI Rong, JIANG Xue—hua, WANG Ling

( West China School of Pharmacy, Sichuan University, Chengdu 610041, China )

Abstract Objective: To establish an HPLC—MS/MS method for simultaneous determination the concentration
of diltiazem ( DTZ ) and its active metabolites, such as desacetyl-diltiazem ( M1 ) and N-desmethyl-diltiazem
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( MA ) in human plasma, and carry out pharmacokinetic study in Chinese healthy volunteers orally administrated
DTZ. Methods: DTZ-d4, MA-d4 and M1-d6 were used as internal standard. After precipitation by acetonitrile,
the sample was separated on the CAPCELL PAK ADME (including 50 mm x 2.1 mm, 3 um ) chromatographic

column through gradient elution by 0.1% formic acid and acetonitrile. Then the analytes were detected by the AB
SCIEX API 4000 mass spectrometer with the electrospray ionization ( ESI ) sourcein multiple reaction monitoring
( MRM ) mode. Plasma samples were collected from 24 healthy subjects after single oral administration 30 mg
DTZ tablets. The concentrations of DTZ and its metabolites in plasma were determined by HPLC-MS/MS. The
pharmacokinetic parameters were calculated and statistically analyzed. Results: DTZ, M1 and MA were all in
good linear relationships in the range of 0.200 0-40.00 ng* mL™", 0.250 0-5.000 ng * mL™" and 0.200 0-20.00
ng - mL™', respectively (r>0.998 6 ). All methodological indicators were in line with requirements. The main
pharmacokinetic parameters of DTZ, MA and M1 in healthy Chinese volunteers after single oral administration
(2224634 )ng-mL™", (838+2.96)ng - mL",
(1.52+£0.70 ) ng*mL™" ; 7, (3.19+ 1.73 ) h, (4.25+1.93)h, (7.06+1.97 ) h; AUC,_.. ( 197.99 + 56.38 )
ng+h-mL™", (11578 £29.07 ) ng+h+-mL™", (27.22+15.49) ng+h+mL™". Conclusion: This method is

simple, rapid, sensitive and suitable for clinical pharmacokinetic study of DTZ and its metabolites. The

of 30 mg DTZ tablets in fasting condition were as follows: C

concentration—time curve of DTZ and MA shows double peaks, indicating that they all pass through enterohepatic
circulation.

Keywords: calcium channel blocker; diltiazem ; N—desmethyl—diltiazem ; desacetyl—diltiazem ; pharmacokinetic ;

HPLC-MS /MS

LR b /R 25 ( diltiazem hydrochloride, DTZ ) 4k
SR - (+)-5-[(2- &) 23 ]-2-(4-
FAR LR L ) 3- O BE A2 -2,3- — & -1,5- KN
AL s —4(5H)- [LEEANIZE N 12N CpHyN,0,S
HCl, DTZ J& T8 R S 20 55 138 18 BH i 751, sefe
RV L %) L L 7, DB O 3R BRI O LR SR, £
S A3 B RTINS =10 WA s DA DN/ IR R e R
T e 2 T SEL P R SRR L DTZ R
WROSCTRGER | 52 4 , 2 B TR AE R, (EA A ) A )
FHEEAR 52K (249%~74% ), 33X 1T G5 I g 2k 9 B A
WP G A 50, TR N DTZ 2 HT 251 CYP2D6
CYP3A4/5 Z5 )iz AR, B AR = N- &
FH L R i 55 ( N—desmethyl—diltiazem, MA ) Fll 2= 2,
Pk /R i 2 ( desacetyl—diltiazem, M1 ), HG 443 51 4H
M DTZ 1 1/5 F11/2; DTZ B 2 CYP3A4 K 91,
J& CYP3A4 (1 rh SEsm FEHIRIGA, M MA XF CYP3A4 1Y
A S A, BT DL MA R M AT B2 e DTZ 784k
P2 Bl BRI 2GR SR O PRt e
SN FP R ARG DTZ B G A i A6 7
2 TR R 25 sh 25, H A P4 AT ] il 2
DTZ Fe 2 AN HPEA M i 7 kAR AR A,

hhiHri i

BN HPLC J7%5 , AR R UEAR, #4E 52 4R 23 A B
) S5 R s B N AR T DTZ B9 24 sh A F 58 AN 5t
g3, %5 MA L M1 Y 25 3l R Ak i BF o e i Ay o PRk,
ARSCABL ST R A R AT T [R]SH E Af 2% H DTZ
K FCRPEAR I M1 FD MA H€ FE f HPLC-MS/MS J7
B, 00T DTA L MA FI M1 76 filt B 2 B 4 1 9 10 24
BIFAHE

1 ESHH

1.1 X %% AB SCIEX API 4000 = i P4 # #T i %
( Applied Biosystem ) ; SHIMADZU LC20ADXR [=ayelid
FHEIEAY (B HA W] ) ; CAPCELL PAK ADME 635 4%:
(50 mm x 2.1 mm, 3 pm; FAEEAHE ) ; XS3DU @1
Gy 2 — R (LIRS - FER AR AR )
VWR Vortexer Multi Tube Model 588167'15 VX 2500
ZEIRTENR o (VWR A A ) 5 D3024 £ 2 s
I ELOAL (A KR40 LB EF A BR A F] ) s MPR-
312DCNPC 4 {7744 ( Sanyo 23 7 ) ; MDF-U548D-C
1120 CAK IR VK48 ( Panasonic 22 7] ) 3 905-ULTS 1t
80 °C # A% I ¥K 46 ( Thermo Scientific 23 & ) ; UPR-
I-10T %8 4l K L 1| f 3% 88 4 B H A R
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Fig.1 The chemical structures of DTZ, MA and M1

1.2 25600 DTZ XA, (165 100161201404,
T 99.9% , T E B 2 iR g AR BE ) 5 MA X R
(b5 5-SYQ-15-1, %% & 97.0%, TRC /3 7] ) 5 XTI
M1 (Hit 55 10020-107A2, & & 99.9% ) X} B8 i G AL
/R B #5 -D4 (DTZ-d4 ) (#it+5 7-EQJ-123-1, & &
95.0% ) Jift N— EH L HI/R AR 5 -D4 ( MA-d4 ) (41t
5 7-EQJ-126-2, & 1+ 95.0% ). i A% 2 2 Bk L IR B
D6 (MI-d6 ) (4t 5 7-MIC-181-2, 7 & 98.0% )
BIRE T TLC A Al g (HiE*5 LN6OR97, 815 4,
J&K AT ); R (165 3098653, (it , i T2\ W] );
KR EALIK

2 AES5ER

2.1 (%50 R SHIMADZU LC20ADXR-CAPCELL
PAK ADME (50 mm x 2.1 mm, 3 pm) 4, 3% #, i
A A 0.1% R K (A) - Z BB (B), B B Uk
(1.00~2.00 min, 10%B — 80%B; 1.00~2.00 min, 80%
B;2.00~2.01 min, 80%B — 10% B;2.01~3.00 min,
10%B ), Jii# 0.4 mL - min~", K 40 °C, #FFERE 5 L,
22 ik sF SR I %5 B U (electrospray
ionization, EST ), 22 i v B 1 Wa i ( multiple reaction
monitoring, MRM ), 1F 25 7 A& 2047 M0 2 o TR Ry
500 °C, R, i AR (curtain gas, CUR) & 77 4 206.9
kPa, filf 14K (collision gas, CAD ) /1N 41.4 kPa,
% 16 < (ion source gasl, GAS1) J& J1 4 206.9 kPa,
% Bl < (don source gas2, GAS2) J& J1 &y 275.8 kPa,
BRI HL R 4.0 KV, F T E R B DTZ,
DTZ-d4 . MA . MA—d4 M1 Fil M1-d6 & F X} 4 51 Ky
mlz 415.5/178.2 . m/z 419.5/181.9 . m/z 401.5/178.0 .
milz 405.4/182.0 . m/z 373.3/178.0 1 m/z 379.4/178.1,
2.3 B

230 XFRR B AW o O BR A (DTZ MA

HyC
HsC\(O‘\
0

g”\

N ~ o, Ny,

M1

1M1 ) FiN AR R 5 ( DTZ-d4 . MA-d4 1 M1-d6 )
i, ORG B E, DL O NE W R E 2, A5 2] 2 43 100
pg * mL™ 1945 %F BE S A 25 BOR 14y 100 ug mL™"
B WFRBEI, BT 20 CIHRAFFH
232 AN BRI A NIRER WK
R IR H A 6 R Al A TR, I = RS UL O
TE AN TR e B %) 38 90 85 W, B i g HG 8 vk B
BR A YA, O~ @5 RA X B RS R
W B O % W (DTZ:803.2.632.6.317.8.80.24
19.94.7.282.3.956 ng - mL™'; MA: 400.4.317.6.
162.3.40.78.16.25.7.976.4.298 ng-mL™"; M1:
100.3.81.64,43.58.28.68.20.30,9.780.5.022 ng
1) P 7 S Sy - N & R s Xt RN )
5 IR AR IR BT AR T AR W (DTZ: 604.6.401.4
9.910,4.032ng * mL™'; MA: 297.4 . 196.7 . 10.03 . 4.074
ng* ml'M1:76.20.50.40.14.95.5.016 ng - mL™ ),  H
B PGSR, TR F G A OB E —E WS IR
A 4], DTZ-d4 \ MA-d4 Fl M1-d6 J5 1 4 B 43 51 R
40.13.19.72.5.013 ng - mL™", BIFIRA NARA R
2.4 IMKFER AT PR

3 WIS MR B 5 24 R 100 pl T2
O IR A AR 50 uL, i JE 30 s J5 A
N 250 ul, W HE 3 min, & E.OHLF, 4 000 1 - min~'
250 10 min, JUFIEWGIERE 5 0L 5087 .
2.5 JrikeEEER
251 LEME Mk ARG - BOSEH A,
R 6 AR Y 25 (2K, IR 328 S 28
P + TE A% BRSH BCA DL RS2 3038 1A it 1
FRFERE A& 2; BERTIL, DTZ MA FT M1 {483 i
6] 43514 1,68, 1.66 1.61 min, I3 PN IEE ) A
T4 DTZ . MA F1 M1 SR NARIINE
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25 (113 (blank plasma)  B. 25 AL + %t A& DTZ (19.71 ng* mL™' ). MA (6.732 ng* mL™" ), M1(0.6210 ng* mL™" ) ( blank plasma spiked with

reference substances ) C. %

25 H M3 + AR (1.021 ng » mL™)[ blank plasma spiked with IS( 1.021ng * ml™ )] D E. 332K 2K DAl 30 mg DTZ 3.5 h

J5 L3RRS (volunteer plasma sample 3.5 h after single oral administration of 30 mg DTZ )
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Fig. 2 Representative chromatograms for each analyte and IS in human plasma

252 e S EE TR RO ~ @5 ER A%

i R NS 30 pL, JAZS 2K A B 25 600 pl., 9

e 5 A5 TR A X A Il 2 ,Hﬁ “2.47 TR AL EEM 5, LA
XoJ HE it 06 T R P b 0 T R LA Y S A AR T

HYREE C MRS, A TINAN B [RIE AR R 1/C°,

5 DTZ . MA Fl M1 B[R 5 e .

Y=0.038 13C+8.684 x 10™*  =0.999 6

¥=0.089 82C+8.198 x 10™*  r=0.998 6

hhiHri i

¥=0.552 4C-6.551 x 10~ r=0.999 3

LR TS R YR 0.197 8~40.16,0.251 1~ 5.017 Fil
0.214 9~20.02 ng * mL"; 45 %€ & T FR 43 1] 4 0.197 8.,
0.251 1,0.214 9 ng - mL™", HXJ 8 5 1l 5% (RS 2 B RSD
(n=6) 4 7.3%.3.1% 1 5.7% , {EWEFETE 92.19%~103.7% .
98.3%~100.6% F1 94.8%~ 102.5% 2 [i] .
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o TR G X IR R op AR B B AR A, TR 2,47
TR J5 ik A 3G BERE o B, THEORS R R
(n=6), HLAWME 6 UK, TN RSD; FEL N & 3
LIS RSD, 45 2R LK 1. 4 AR LY
FF 0 G (RS % B RSD £/ T 10.8% , [0 Wi 48 3 78
85%~115% JL RN, AF & A IRE R ST 2K

2.54 FREUEICER K “2.537 THIAAL o mIRE
Xof HR it LA, 34 “2.47 350 R 7 AR PRS0 A E L 1R
U0 B e T AR s 53 SRR I B R 2o B BTG
o PRI AR , A 0 7 A e JBCRY 45 1Rt s T
Mo B—IREEME 6 DA, FH RIS Y 8T A5
ARSI IR L, RS IR th3 1R,
B 3 AR RO ISCRAHIT , 75 80% Zitq .

F1 MEHZEFNIRAERE HRF
HiEEE E RNEKE (n=6)
Tab.1 Accuracy, intra—day and inter—day precision,

and extraction recoveries of analyts

ik .
Reedis - ( precision ),
- ST e RSD/% CITES
(SRILEY] (' mass 0 )
( Analyt) ion )/ ( accuracy ) ——————— (extraction
alyt oncentrat il
nalyt ) concentral 1?1n % Hy HeiE recovery )/
(ng-mL™) (intra=  (inter— %. RSDI%
day ) day )
DTZ 0.2016 87.6 8.4 8.5 —
0.4955 104.6 5.3 4.7 78.3,4.5
20.07 98.0 6.3 2.6 80.1, 1.5
30.23 101.3 1.7 3.8 77.1,2.3
MA 0.2037 97.1 10.8 8.9 —
0.5014 106.8 8.4 7.5 78.5,3.3
9.836 97.4 6.12 2.5 80.0,2.3
14.87 101.1 0.73 1.8 774,34
M1 0.2508 106.5 4.2 5.0 —
0.7475 108.0 4.5 4.0 789, 1.6
2.520 99.1 1.9 33 773,24
3.810 100.2 3.4 4.0 752, 1.3

255 TRV SRENE  CBIRA X IRG  mRE
AW AT MM & AR G R4 G $E U 19
25 LR A AR A ARG o ST bR I — 3
S PR T+, 435 TR 3 BH 45 X6 HEA A P AR 05 — AR 8 TR R
N PR FHE 1.04~1.09 Z[8], 5 B0 T A i il 25
SUERA FE (52 ] L2 . 5340 PG T =70 CF 4
RS R PE RR S AT AL B RR UK L CE 6 h R

PEE 25 -70 CHRIIRAE 51 d R P K i &
T 20 C AT 35 d e k. g R k454
PR, 4 e S A R R E o
2.6 faRREAZ I I RAE S A

LRV = RS HLZ B b, 24 24 fd
ZARE B E G R ISR — ks k2 5 S AR
5. 2aaR)E, RRESIEE DL 240 mL I K —IK
PEXR DTZ A 30 mg, 7 0,0.25.0.5.0.75.1.1.5.2,
2.5.3.35.4.45.5.55.6.8,10,12,14.24 h, KX %
ZARH WKL 4 mLo ARPT 7L AT I A, IF X i
2GR E AT BT A BT, 1024V B — 15 [ pih 2 A 6
8IS R0 0 UL IR 3 RT3 2, DTZ 5 MA I 245 &
JE — ] i S 52 9000, 45 7 AR AR N AT e 2 i
ARG, 1 M1 Joib it 2
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Fig. 3 Mean plasma concentration—time curves of DTZ, MA and M1
in 24 healthy volunteers after single oral administration of 30 mg DTZ
tablets in fasting condition
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x2 ZFRXE=ZWEOMKR DTZ /5 DTZ,
MA. M1 A FSH
Tab.2 Pharmacokinetic parameters of DTZ,
MA and M1 in healthy volunteers after oral administration

of DTZ tablets in fasting condition

ZH DTZ MA M1
( parameter)
T,./h 3.19+1.73 425+1.93 7.06 +1.97
Cod (ng-mL™") 222 +6.34 8.38 £2.96 1.52+0.70
T\n/h 5.16 +1.54 7.07 +1.48 7.66 +4.96
K™ 0.15+0.05 0.10 £ 0.03 0.19£0.20
Vz/FIL 1159.63 = 285432+ 12904.93 =
296.86 1118.13 7306.27
CUF/(L-h™")  163.77 +50.57
MRT/h 8.09 + 1.15 12.12 +1.82 1533 +£5.46
AUC) 44/ 188.71 £50.97  102.10 + 25.99 21.46 +10.36
(ng+h- mL™")
AUC,. ../ 197.99 +56.38  115.78 +29.07 27.22 +15.49
(ng+h-mL™")
3 it

A% 3 56 8 57 A9 HPLC-MS/MS J7 3, w] [a] i 3]
FE N HE h DTZ K H 3 R AR 0 MA T MY I
R, A AR RE, 77 A AR YR b
Ko 54" Molde " Fl Quaglia "7 £ T (1
J7 A e, AR D ik S0 R A, TR PR PR EE,
T BRE#] 0.1978 ng - mL™' ( DTZ ), ¥ & 23 #fr Bsf (] 20>
T 2.5 min, i& F T DTZ . MA F1 M1 41 5 1l 24 e J3
vioRIl

W e T 1k B T 24 4% i R R R B S R 0 IR
DTZ [ W25 8l 5%, 45 3 2 A ] 52 128 38 4 ] B
FE W ] 5 DTZ . MA F M1 5 I 25 ¥ B 2% 58K,
AN ] A= W R BE A2 S K, 5 DTZ (9 Ul W1 5 4
W —3, X AT fig 5 A A 06, T DTZ &
BLAE T IE g CYP2D6 i CYP3A AR, B LA AS [
AN () A3 1l A 3 1 25 5 0T B2 R B DTZ . MA Fil
M1 I 25 9 B AR 25 5 R R ZE R A . DTZ 119 1
2R JIE — I 1) T 2 BB XU X 15 Smiith 251
WL B A B 5 — 20 5 A B IR R B MA [ I 25 R

hhiHri i

JE — B 1] il 25t 5L B A A XU, R R B AT A
TE 1 I8 0 3 A8, AR 55 22 34— 20 4 58 5K Ik
DTZ 7& P-gp 1 JiE 9, JIF E A1 17 38 o P—gp 19 2 1K
FE PE 22 5 AT RE 52 0 DTZ F MA A9 IR W2 Wi 5
HEt, 2T DTZ 1y 1 k245 sh 2= sk B2 &2 4%, H DTZ
I FLAR T P 1t 24 e B 55 A W ) AR AR SR R
SRy ik B AR [R] 9 000 25 9 B, R TR AR B IR 45 24 o )
ENGE

ARG MG PR DTZ A C 1) 245 81 2% 5 24 34 2 b
AL T R B 8 DTZ K Ho i AR 49 19 HPLC-
MS/MS J5 %, FEHR 1T T DTZ . MA F1 M1 1 24 5 2 45
ik, Rtk — 25 25 82 4T T 3k, HoA i 25 1
FHHE.
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