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ZORBAX Eclipse Plus C,i 4% (100 mm*2.1 mm, 3.5 um), W2 A 0.1% HER/K, B LN, SREDEM: AP
40.3 mL/min, iR 30°C, HHFEEAS L. BFFEARBEESEFE (ESD, DEZRNMEFREN (MRM) #17EE T
W SRR A WK S DU B XA m/z 455.3—m/z 165.0, PO FRHE VG PF IS I 85 738 28 m/z 285.0—~m/z 154.1. 6 2 SD KR AE ig#h
B4 hi ek 33.33 mg/kg Jo, X HMATA SN ML . S8R BHhERYERIIIKTE 5~2 000 ng/mL W R LR R RLF: HWHIE
W EE RSD) N 1.3%~2.0%, HEHIE RE) 6HEN0.1%~18.0%: FEHEIH /2 90.87%~92.42%, & JFi 2 N M 82.82%~
101.99%. EHERAERINIKAE K BUAN EEZGFESHC, ~ 1 L Kew AUC ., FTAUC ., 73908 (922.1£300.4) ng/mL. (0.54+
025 h. (6.46+3.18) h. (0.13£0.05) 1/h. (7634.1+4436.6) h ng/mLAI (10548.1+8024.8) h ng/mL. £5i® %7k R BUY
T BB IR, S TN K R I R R R R I A 2k FE % LA B A
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Determination of plasma concentration and pharmacokinetics of verapamil
hydrochloride in rat plasma by HPLC-MS/MS
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Abstract: Objective To establish a HPLC-MS/MS method for the determination of verapamil hydrochloride in rat plasma and to
investigate its pharmacokinetics. Methods The determination was carried out on ZORBAX Eclipse Plus C,; column (100 mmx2.1
mm, 3.5 um), mobile phase was phase A 0.1% formic acid water, phase B acetonitrile with gradient elution, flow rate was 0.3 mL/
min, column temperature was 30°C. The sample volume was 5 pL. The ion source was an electrospray ionization source (ESI) with
positive ion detection using multiple reactive ion monitoring (MRM). The monitoring ion pair of verapamil hydrochloride was m/z
455.3—m/z 165.0, and the internal standard diazepam monitoring ion pair was m/z 285.0—m/z 154.1. Six SD rats were perfused
with hydrochloric acid. Pharmacokinetic studies were performed after verapamil 33.33 mg/kg. Results The linear relationship of
verapamil hydrochloride in the range of 5 — 2 000 ng/mL was good; intra- and inter-day precision and accuracy were 1.3% — 2.0%
and 0.1% — 18.0%, respectively. The extraction recovery is 90.87% — 92.42%, and the matrix effect is 82.82% — 101.99%. The
main pharmacokinetic parameters C, ., T,.... T\, Ke, AUC,, and AUC,_, of verapamil hydrochloride in rats were (922.1£300.4) ng/
mL, (0.54+0.25) h, (6.46+3.18) h, (0.13+0.05) 1/h, (7 634.1+4 436.6) h-ng/mL and (10 548.1+8 024.8) h*ng/mL. Conclusion This
method is sensitive and specific, and is suitable for the determination of plasma concentration and pharmacokinetics of verapamil
hydrochloride in rat plasma.
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995« i ML Sk O R T B R R A A AR
MO R . ER R 4 R OK B TT 4 AR N
CYP3A4 I P-gp FI A5 #5515 8 AE S 25 1]
HE AR FIRE 70 TR, H Rl SCwk IR I8 £ R 4k
M K I 24 3% A A DN 7 v 2 AL HPLC-%6 A&
N SN 5 0 L R N =0y SE41 = A2 7] @7 SR
(LI 2 5 ¥k 1) €0 e A B TR, iy A =K, HL
SN ERAE TR BB, B R AN, AR T2
WM 58 K238 W9t . BRI, S ok | R B
YRS W 77 7% R TR 4 7 1 K I 24 94 58 A ) e
HAG SRR T E . ARSI O IE il E 75
PIEATARAN ST — FhnT DABR G A K B if 2R A
AR R 2 7 A K I 25 96 FE () HPLC-MS/MS 4341 77 ¥
I T Eh R 4k 43 K (1 25 3 24 W 7T, O L R A
MRt —E S K
1 UESHR
1.1 {435

Agilent 1200 B! /5 & AH € 3% 4% (Agilent,
USA) ; Agilent 6430 = & U Z¢ F & Bt i i
1% (Agilent, USA) ; Agilent Mass Hunter 43 #T1 #&
f (Agilent, USA) ; AX205 ® + 15 0 2 — K
*F-(Mettler Toledo , Switzerland) ; Milli-Q 8 4fi 7K ] £%
CRBE B EMRE AR AR ;3K 15 B myid B0
Ml (Sigma, Germany) ; G3KT18273 B! {3 4 jie % VR &
CCEEBR G R BHE A IR A FD .

1.2 X745

£ R 4 Bz A K (k5 100223-200102) 1 T
A 25 R e BT T B, Hh R PR (A5 2016070 D H
KRBT RIEEREA R A FELA 2 (i al)
T I Merck 7 7] 5 HF R (3% 48) g [ ROE /A #] 5 i#
ali K A E il
1.3 ##

{e B SDHEME KB, (250£10)g, 1 [ b 5t e B RSk
WA EARARA T, LIS VFAE : SCXK ()
2014-0004. K K ig b 2505 3, AR B BEE N
33.33 mg/kgUH TIRR 258320 mg/d.

2 HEE%R
2.1 GG

4% #: % Fl ZORBAX Eclipse Plus C s £ (100

mmx2.1 mm, 3.5 pm) ; i3 HH N A M 0.1% R K,

B AH 2 5 B FE e b, e AR ¥ 9 0~2 min, 33%~
65% B;2~3 min, 65%~85% B; 3~6 min, 85%~
89% B;6~8 min, 89%~89% B ; I /it i [f] 8 min; 14
U E AN 0.3 mL/min; H:3E 8 30 °Cs R &2 5 ul.
2.2 FRiEgEH

B 7 IR FELBE 25 B TR CESD , AR AR 50 £
SN ES F MW (MRMD , B IE B 7 8 0 5 Delta
EMV (+):300 V;Gas Temp:310 °C; Gas Flow: 11 L/
min; Nebulizer: 206.84 kPa; 52 &t 43 1 B 1 % B Ji it
ZHNE .

R1 EESTBEFNRRIESH
Table 1 Quantitative analysis of ion pairs and mass

spectrometry parameters

&Y BT TETF BWREBEE WEER
SRERYERIIACK 4553 165.0 135 27
MR 285.0 154.1 140 27

2.3 RSB RAIECE)

s 2 FREL 10 mg 5 B8 25 S WA K B VA R T
BRI o, 1) R B A 1 mg/mL B i #5900, I A7 A
4 °CUKFA & FH o o BUHL P K% HES 10 mg, ) HR RV
FR 3T R0 B R 9 1 mg/mL Y N FRIE W, 6 AE T
4 °CUKFH#H
24 [MIEHRAIESE

s 25 B HUA RN 100 uL 1 22 R 5 B H B
1.5 mL & 08, AR O AR T 20 pL (Hb Pg
L1 pg/mL), FHEE 20 pl, iR e IR AT, 2 Ja i NS
1% 2,1 800 uL , A i€ JF 9k %% 5 min, BLA% 38 14 000 1/
min &5 10 min J&5 , P E7E W 800 L, LAA K
T N 100 pL (19 50% H B 2508 5 i e iR 12
5 min J& LLE# 14 000 r/min %50 10 min, BUH: i
W BERE T
25 FHEFER
251 H)EME FBEEI100 uL 2 [ I3, A
40 pL 19 FE R 2 BE2.47 0T A 3 B 3 v A
SR, A BN CAD s 75 25 A I FFoInoN — 58 ¢ B ) 6
i 24 P KXo R Y R e PR R Y L R TR R 1)
R, 15 2 (B s 5 45 2 Ja K BRI 2R
DUAH [A) 1) D7 A0 22, 15 B B (OO o BhER 4 Fr A K AN
b BB T ) OR B I TE] 43 i) 42 5.72 min A1 6.80
min. LA & A PR A A0 E AR I B A 2
FEAE A LR, S5 R L 1.

2.5.2 bR R R METE R K% 2 BUARN 100
ul KBRS I, N 20wl i AR I » T 0
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Fig.1 MRM map of blank plasma sample (A), blank

plasma added to a certain concentration of mixed reference
solution (B), and plasma samples after intragastric admin-
istration in rats (C)

N F A 1) 36 88 4E v e oK OeF R T 20 L,
B i) s 7 £h IR 4E B B oK 5. 10450 4 100 . 500 .
1 0002 000 ng/mL ¥ L % FF iy , 4K & “2.47 IR (1)
I35 A i A R 2 AT A B A S BB T R R 4y
M S It ], 45 B R 4 s i oK 5 N R 1 U
T AR FEAE (D AE I AR b, A FH &6 8 4 i i oK R 9
& QOAE B AA bR, 385 A e /s — e v 1 53 2 ik
B, H AR RECEE N /X, 3R15 3R R 4 B oK
() 2 11 [o] )3 77 B2 J AH O¢ R #(Y=4.214 088 X+
0.076 162,7=0.997 8) , ¥k & 4 +7 i1 K ¥ 5K € &=

BN S ng/mL(S/N>10) .
253 WEHEESHEME K& EI100 uL 1= H
IS NS [ 94 B35 (1) 3 18 4 i oK %o Ll VA VR
1 B 22U 9 10,1002 000 ng/mL , 3 Fif J& (V5
FEH 6O, IR 247 B BEIRESNES d, H Y
T 4 1 2 R) B 2R 4, i 53 3 TR 4 iz ) oK 7 AN [ Jo 4%
AR MR E  TH S H S H TR RS % R, 4
B2,
2,54 [ElWe e S RN B 100 pl (KRR IR
P IR 247 TUR () Ab B T7 35, 4K i 3 R
(1) 12 B & 6 4y, JERE RS L, i S g i F, i
NCAD s FBEC100 pL 2% [ M3, 1N 40 uL HEE , %
HR“2.47 N B 7 v b AT A B ), FH MR S OGP L v 3
AR (1 35 198 4 B oK ot B AT S R R
SENS uL, i s IS AL, 10 A (4, , T $ H A i
AR R=A,/4,: T [FIFE B 5 A SR 0 e AH B AR
HH L 3 AR T FER Y VD T A, i SR Y Y
UEETHT AR, 1 9 (A, T3 53 RO 1 8 SRR M= A4,/ A,
P AR %) B R 24 K P i [ oA 2 A s T A
IV R
255 FaEtEEE HU100 pL KR A (AL, fid B
K H R 3 PR BE IR LR, 3 ) 2 R A = R
T 6 h FEAL B, K kb B S (1 LR A BT A Bk
212 h, REGRRL3 ITE - 70 CUKFEH AR 14 d
fifaEtt, %k 4.
2.6 ZHENFEMR

HY {5 SD P KB 6 74 &8 (250+10) g,
TELEZIRT AR 12 h, ZE SRR AT LA E Bk, 20 5 78
Y 25T DL R 4R 25 )5 F 0.083.0.17.0.25.0.5.1.2. 5.

F2 HBENAKREXRMDRFOEBENBEE (n=6)

Table 2 Accuracy and precision of verapamilol hydrochloride in rat plasma (n=6)

o H RS 5 H [RDHRS 2 2
i R B/ (ng-mL™) - -
&8/ (ng'-mL™) RSD/% RE/% T8/ (ng'mL™) RSD/% RE/%
10 11.80+0.15 1.3 18.0 11.73+£0.17 1.5 17.4
100 112.25+1.78 1.6 12.2 108.43+2.16 2.0 8.4
2 000 2 007.99+27.47 1.4 0.4 2 002.61+£36.87 1.8 0.1
®3 HBERAKTRRME PRRIEKERERBY (n=6)
Table 3 Extraction recovery and matrix effect of verapamil hydrochloride in rat plasma (n=6)
R (gL ‘ FE RN ‘ QBT
A% RSD/% 1B /% RSD/%
10 82.82+1.60 1.9 91.254+0.90 1.1
100 96.87+5.67 5.9 90.87+0.78 6.45
2 000 101.99+3.23 3.2 92.42+0.34 2.0
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Table 4  Stability of Verapamil (n=6)
w® Zii6h H st ds 12 h SR 3 IR -70 °C' M f#if 14 d
/(ng IEAE/(ng RSD/% M EAf/ (ng: RSD/% MEAE/ (ng: RSD/% W=/ (ng RSD/%
mL™) mL™) mL™) mL™) mL™)
10 11.38+0.47 4.1 11.10+0.55 4.9 11.57+0.62 5.4 11.19+0.47 4.2
100 107.20+1.97 1.8 112.32+1.76 1.6 113.05+3.17 2.8 113.83+3.44 3.0
2 000 1957.43+15.61 0.8 2 032.78+71.00 35 2042.12+£35.25 1.7 1 936.98+72.74 38

68101224 h [ 1] £ TR Bl HIR A &% ik A B
BT R R T, DU 3 7 000 t/min &0 10
min, B E 6% A7 AE-70 °CUKHE , BRI BEFE 3 HT o
5 R A R DK (14 ST 35 1 24 Ak -k [ ot 28 WL 1) 2 i
e BHADAS L.OTFHESG i E, 1528 7 KR
IR SRR 4 R MK 5 1 2535 S 40, WK S.

1 50

1 00

50

SRR/ (ng:mL™)

01234567 8 9 101112121824
t/
B2 ERERUER AR B9 T 1 0 2 i - 1) B 2%
Fig.2 Average blood concentration-time curve of vera-
pamil hydrochloride

x5 HBBENIKHEIZANZESH (n=6)
Table 5 Main pharmacokinetic parameters of verapamil
hydrochloride (n=6)

ZH L2 ENIE LSRN
Chrax ng-mL" 922.1+300.4
[ h 0.54+0.25

t, h 6.46+3.18
Ke 1/h 0.13+0.05
AUC g h-ng-mL" 7 634.1+4 436.6
AUC ., h-ng-mL" 10 548.1+8 024.8
3 TR

A S 6 F T KRR I 3 R R R 4 A K Y
HPLC-MS/MS ll & 77 % , 5 1% 4t (1) HPLC- 48 #M i il
DR I AN i B AN KR AR BT, B
R, TR, IR TN B A A R
T AT 254K3N 115 A R 5T

FE 52 56 A 38 ik F B AN [F B B A CHUBE S &
i) RIAGA PDAE S A (043 85 FE 3, HLAE K AH
I 0.1% () H R , 7] DUSE & & WD 3R A B 1Y)
W T , T AAS Sz 36 i s AR FH 17 0.1% (4 YRR 7K R
Ol SRt B T RREE AYUEE S
TG B B W0 vk S R L T8 YT 26 IV Ak P K B I
W S gE FR K RS IR £ 6 00 A8 Uk ab 3
R BRI A B, JHG 2 B [ g e B 6 v T R B 2
EEM CIFUTTE 8 H k.

LIRSS R K, MRS 245 K BRAR P Eh IR 4 Hr
MoK 220 %)/ T — R . 45255 min 5, W]
PAAE K BRI S mhoer il 21 36 R 4 vy MK, T 30 min /&
LR T KM 25K, C, 1, AUC,,,, f1 AUC,,.,,
433 °8(922.1+300.4) ng/mL. (6.46+3.18) h.(7 634.1+
4 436.6) h* ng/mL A1 (10 548.1+8 024.8) h*ng/mL.
M B g R R IR R AR Y, 35 R 4 MR K
TR B
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