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Simultaneous determination of verapamil and its metabolite norverapamil
in human plasma by liquid chromatography-tandem mass spectrometry
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(1. Yantai University, Yantai 264005, China; 2. State Key Laboratory of Drug Delivery Technology and
Pharmacokinetics, Tianjin Institute of Pharmaceutical Research, Tianjin 300193, China)

Abstract: A sensitive and simple high-performance liquid chromatographic tandem mass spectrometric
(LC-MS/MS) method for the determination of verapamil and norverapamil in human plasma was established and
utilized in a pharmacokinetic study in healthy patients. Protein was precipitated by methanol in plasma samples,
and the analytes and internal standard were separated on an Agilent Zorbax Eclipse C,; column (50 mmx4.6 mm,
5 um) with a gradient procedure using methanol-acetonitrile (50:50) as the organic phase and 0.1% formic acid -
5% acetonitrile — 10 mmol-L* ammonium formate solution as the mobile phase at flow rate of 0.5 mL-min™.
Electrospray ionization (ESI) and multiple reaction monitoring (MRM) detection modes were used for quantitative
detection of verapamil, norverapamil and verapamil-d, (IS). In the mode of multiple reaction monitoring of
positive-ions, the monitoring ion pairs of verapamil, norverapamil and the verapamil-d, were m/z 445.0—165.2,
m/z 441.0—165.2 and m/z 461.1—165.2, respectively. The quantitative lower limit (LLOQ) for the determination
of verapamil and norverapamil concentrations in human plasma can reach 0.1 ng-mL* in this assay. The calibration
curve concentration ranged from 0.1 to 50 ng-mL* with high linearity (r> > 0.997). The matrix effect of verapamil
and norverapamil was 99.2%-100% and 101%-102%, respectively. The recovery of verapamil and norverapamil
was 86.8%-95.9% and 87.4%-94.8%, respectively. This method has good specificity and high sensitivity. The
determination of the verapamil and norverapamil was not subject to the matrix effect and stable extraction recovery
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was achieved in this assay. This method could be used to determine the concentration of verapamil and norvera-
pamil in human plasma and suitable for human pharmacokinetic studies after approved by ethics committee.
Key words: LC-MS/MS; human plasma; verapamil; norverapamil; pharmacokinetic
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Figure 1 The product mass spectrum of the [M+H]* ions of vera-
pamil (A), norverapamil (B) and the internal standard verapamil-d,
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Figure 2 Representative chromatogram of verapamil (Ver), nor-
verapamil (Nor) and verapamil-d, (IS) in human plasma. A: Blank
human plasma sample; B: Representative chromatogram of simu-
lated biological samples with analytes (0.1 ng-mL?) and vera-
pamil-d, (10 ng-mL?) in blank human plasma; C: Representative
chromatogram of plasma samples after 2.5 hours of oral verapamil
(40 mg)

Table 1  Analysis of precision and accuracy for verapamil and

norverapamil in human plasma. n = 18, x £ s

Concentration/ng-mL™  Precision (RSD)/% Accuracy

Compound -
Nominal Measured Inter-day Intra-day /%
Verapamil 0.1 0.0997+0.00792 8.25 5.19 99.7
0.25  0.272+0.00936 3.10 5.34 109
4 4.26 £0.096 1 2.32 1.71 107
40 40.9 +0.652 1.55 1.87 102

Norverapamil 0.1 0.102+0.00522 5.08 5.49 102
0.25  0.276 £0.0105 3.38 6.15 110

4 4.21+0.0954 2.29 2.09 105

40 42.0+1.15 1.69 6.53 105

6.15%. &A% R e N I Hh 4 oK e 2 HE 4
P KA FE (A % B B HE R FE 3 R IF
25 ERMNFREEIER 455 8K, 4Rk e
0.25.4 140 ng-mL™ ¥ £ 7K P 28 P A U — 4 1) 225 Joid 2
I 43 5l A 100%- 99.2% A1 100%, % 45 1 f 2% (RSD)
AN 3.61%; 2 HI4E R IEKAE 0.25.4 A1 40 ng-mL1 9
FEE 7K ST b B 2 5 280 R 43 93 9 101% . 101% A1 102%,
RSD AN It 4.96% . 25 5L B, FE 5 2808 AN 22 0] A
W BT = R R

Yk MK AE 0.25.4 .40 ng-mLL e FE 7K1 1 $E B[]
W 43 5l N 86.8%- 89.7% F1 95.9%, ik A [a] Ui
RSD 4 4.55%; 2 H 4EH7 A K 7E 0.25 .4 A1 40 ng-mL1 9
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Table 2 Stability of verapamil and norverapamil in human plasma. n =6, x s

- Nominal concentration Measured concentration/ng-mL™* Precision/% Accuracy/%
Storage condition N
/ng-mL Ver Nor Ver Nor Ver Nor
Room temperature for 4 h 0.25 0.267 £0.011 9 0.271+0.0132 4.44 4.88 107 108
40 39.2+1.04 41.2+1.32 2.67 3.21 97.9 103
=70 C freeze-thaw three cycle 0.25 0.266 +0.012 1 0.269+0.011 6 4.54 4.32 107 107
40 40.7 £1.19 415132 2.92 3.19 101 104
—70 C long-term stability, 60 d 0.25 0.258 £0.00731  0.287+0.0110 2.83 3.84 103 110
40 41.4+0.834 458 +0.894 2.02 1.95 103 110
Autosampler storage for 48 h 0.25 0.273+0.00517 0.275+0.002 64 1.90 0.960 109 110
40 40.5 +0.349 42.9+0.351 0.861 0.818 101 107
—20 °C short-term stability, 8 d 0.25 0.270+0.011 1 0.265 + 0.006 2 411 2.34 108 106
40 40.5 + 0.618 41.1+0.796 1.53 1.94 101 103
JEE 7K T 1A fie B[] Wiz < 73 531 0 87.4%, 90.4% Fi1 94.8%, .
\ N N = —a— Verapamil
SR AU I RSD N 4.10%. 45 45 & M 545 5 R ) g Norverapamil
=
frIER. g
26 FREM K2 PR YERIIH K K 2 FYE R iE K £
o
I v P A 3R R I 5 A 25 A 2 A T A e 1 28 §
g5 AR, B 20 LK AE LA B A7 SR T R T L Pt

AL, 4 AR S IR CE 2 hA e M R R, 50 hAH
b, 4 i WA KA v P /A B 11 B 240 4 TR (19 P 35 1
W B 43 ) N 99.3% A1 102%, RSD 43 5l v 3.60% Al
1.04%; % F Y 7 WP RAR v 7 A9 BBE 1 45 24 4 LR
f) F 25 4 5 B 4y ) 9 99.2% A1 103%, RSD 43 %l A
4.36% 1 1.46%. KHIE 254 M= E 2 hiasE .

27 ANEBRI}AOFEMRR  ZEIE I EE AR
Je N T 12 44 4 B 52 3R 3 1 ARGERL A K A 40 mg J5 1
253 11250 Hr, K H Phoenix WinNonlin 7.0 %4 it
HREN BB ER 3, dEH A K K 25 FF 4k R ok
)~ 15 1 24 A 5 — e i) b 28 D 3.

Table 3 The pharmacokinetic parameters of verapamil and nor-
verapamil after oral administration of verapamil (40 mg). n = 12,

X%s
Parameter Verapamil Norverapamil

Cpax Ing-mL*: 30.4£135 20.1 +4.58
trax /N 1.96 + 1.08 254 +1.14
t,, /h 9.61 +2.30 11.6 + 2.06
AUC, 4, /ng-h-mL™* 162 +89.9 228 +68.8
AUC,, /ng-h-mL* 166 £ 93.0 243 £79.3
MRT 45, /0 742 +1.72 12.5+1.90
MRT,_, /h 8.66 +2.31 15.4 + 3.58
VIL 4031+1709 2932+ 755
CL/L-h? 307 + 146 181 +56.9

it
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HERLIAK 51 LC-MSIMS 5E T 7 v, %o i 2%
PEHEAT T A4k . AEEE ST LC-MS/MS 23 M7 7 325 52 56491 3479,
Iy 7% T Agilent ZORBAX Eclipse C,q-Atlantis® T,
ACE Excel 2 Super C,o 55 A [A] 8 R [ o 3l b, 45 IR Rk

t/h
Figure 3 Mean plasma concentration-time curve after oral admin-
istration of verapamil (40 mg) in 12 healthy adult volunteers
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AT, 5T RIS R RA B e M 7 5, S5 R
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SR PR P e B 1 7 X, T S B P R I T B R R
Mo e, ¢ B 1A R .

B T 4 R P K 1 IR R WA L 2 P A, [T ke
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A2 R A AR -2 v o R RO, A MLV TR
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SEUSIR F [ A AR 7 s B A R i, B B, 1M
WA ER (1 mL), H S E AR RO oA B A A
DUBEEAE RE A b 3 5 =X 50 S fii 8 PUEk, Li S50
377 LC-MS/MS {77 92 [FI s il 5 N I8 v 44 37 oK K
YRR MK IR B, 1 2 DUTE B O AR R
HEAT A AL B, R4 A, (H1Z 071k 3% B &8 100 pl,
S BT PR v HLR 1 35 L 4% O 2~400 ng-mLt. A
S A ST )[R B 5 N I 2 A Ay i oK B 2 HE AR R oK
M LC-MSIMS J7 i, B.#: F B B UTTE B 10 I %



THFIRAE: LC-MS/MS 2[RI I 52 A i 3 r AR oK AR ™47 25 F i i oK © S

B S BEAT TRAL R, 1 AT fa] (8 DU, 5 O A AR SO IE
(75 AR L, 2 Bk, R R, R R R
JEE RS ) I 00 R A 0 K R 2 TR K ) E
FIRWIAF] 0.1 ng-mL?, I 5E R T 58 B TE A AL,
P15 2015 4F hi € o [ 24 it 2R W) RE dh E B0 7 VA SR
5T U AR 5 LR 0, I N T i R i RS2 K
JIE 11 A 24 2 1A K A 40 mg Ja AR 19 25 403h 71 22 T 7R
DHEST K i A 245 1) 32— 25 09F S A0 1) 25— e
7 A E =B TR

References

[

[2]

[3]

[4]

[5]

[6]

[71

Zheng W, Li M, Lin Y, et al. Encapsulation of verapamil and
doxorubicin by MPEG-PLA to reverse drug resistance in ovarian
cancer [J]. Biomed Pharmacother, 2018, 108: 565-573.

Fan GF, Pan JJ, Fan PS, et al. The clinical observation of verapamil
in combination with interventional chemotherapy in advanced
gastric cancer [J]. Eur Rev Med Pharmacol Sci, 2018, 22: 5508-
5518.

Trompier D, Chang XB, Barattin R, et al. Verapamil and its
derivative trigger apoptosis through glutathione extrusion by
multidrug resistance protein MRP1 [J]. Cancer Res, 2004, 64:
4950-4956.

Sawicki W, Janicki S. Pharmacokinetics of verapamil and its
metabolite norverapamil from a buccal drug formulation [J]. Int
J Pharm, 2002, 238: 184-189.

Yang J, Jia JY, Zhang H, et al. Determination of verapamil and
norverapamil in serum by HPLC with fluorescence detection [J].
Chin J Clin Pharm (77 [H Il R 24 % 7% &), 2001, 10: 99-101.

Zou H, Jiang XT, Ma BL, et al. Simultaneous determination of
verapamil and norverapamil in plasma by high-performance
liquid chromatography using fluorometric detection [J]. Chin
Pharm J (77 [ 2442 7% &), 2001, 36: 35-37.

Sawicki W. A validated method for the determination of vera-
pamil and norverapamil in human plasma [J]. J Pharm Biomed

Anal, 2001, 25: 689-695.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Resztak M, Glowka FK. Stereoselective CZE method for analysis
of verapamil and norverapamil in human plasma [J]. Acta Pol
Pharm, 2013, 70: 395-401.

Rui JZ, Zhou XD, Ling SS, et al. Simultaneous determination of
the enantiomers of verapamil and norverapamil in plasma by
high performance capillary electrophoresis [J]. Acta Pharm Sin
(Z424244R), 1998, 33: 517-522.

Singhall P, Yadav M, Winter S, et al. Enantiomeric separation
of verapamil and its active metabolite, norverapamil, and simul-
taneous quantification in human plasma by LC-ESI-MS-MS [J].
J Chromatogr Sci, 2012, 50: 839-848.

Stagni G, Gillespie WR. Simultaneous analysis of verapamil and
norverapamil enantiomers in human plasma by high-perfor-
mance liquid chromatography [J]. J Chromatogr B Biomed Appl,
1995, 667: 349-354.

Liu XQ, Cao YP, Tan L, et al. Simultaneously pharmacokinetic
modeling of verapamil and its major metabolite in healthy volun-
teers [J]. J China Pharm Univ (1 [ 24 Bl K 2 22 4)%), 1996, 27:
601-604.

Li S, Liu G, JiaJ, et al. Simultaneous determination of ten antiar-
rhythic drugs and a metabolite in human plasma by liquid chro-
matography-tandem mass spectrometry [J]. J Chromatogr B
Analyt Technol Biomed Life Sci, 2007, 847: 174-181.

Hedeland M, Fredriksson E, Lennernas H, et al. Simultaneous
quantification of the enantiomers of verapamil and its N-demeth-
ylated metabolite in human plasma using liquid chromatography-
tandem mass spectrometry [J]. J Chromatogr B Analyt Technol
Biomed Life Sci, 2004, 804: 303-311.

Richter OV, Eichelbaum M, Schonberger F, et al. Rapid and
highly sensitive method for the determination of verapamil,
[2H7] verapamil and metabolites in biological fluids by liquid
chromatography-mass spectrometry [J]. J Chromatogr B Biomed
Sci Appl, 2000, 738: 137-147.

Chinese Pharmacopoeia Commission. Guiding Principles for
Quantitative Analysis of Biological Samples [S] // Pharmacopoeia
of the People's Republic of China (|4 A\ [GLAITE 24 44, 2015 ed.
Beijing: China Medical Science Press, 2015.



