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[Abstract] Objective To determine S-(—)-amlodipine level in human plasma by LLC-MS/MS method. and to investigate
its chiral transformation potential in healthy male volunteers. Methods The separation of amlodipine was performed by
CHIRAL-AGP analytical column (150. 0 mm>X4.0 mm, 5 pm) with 10 mmol/L acetate buffer (pH 4. 38)-2-propanol (98 : 2
V/V) as the mobile phase and chlordiazepoxide as the internal standard. The plasma S-(—)-amlodipine was extracted with solid
phase extraction in ten healthy male volunteers at different time points aflter oral test (2.5 mg). Atmospheric-pressure chemical

ionization (APCI) and multiple reaction monitoring (MRM) were used with positive ion scans, and the mass transition pairs of
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m/z 409. 0—>237. 9 and m/z 300. 0—282. 0 were used to detect amlodipine and internal standard. respectively. Results The
linear calibration curve of each enantiomer of amlodipine showed excellent correlation over the range of 0. 1031 pg/L (20. 62 pg/
L(r=0.999 8, r=0.999 7). The absolute recovery was more than 70. 0%, the relative recoveries were 85.0%-115. 0%, and
intra-run and inter-run relative standard deviation (RSD) were less than 15. 0%. No R-(—)-amlodipine was detected in the
plasma of ten healthy male volunteers at different time points after single oral test. The main pharmacokinetic parameters of S-
(—)-amlodipine in healthy male volunteers were as follows:t;» was (42. 7748.08) h, C,.was (3.06%0.51) pg/L, tn. was
(6.3%1.0) hy, MRT was (69.25£8.04) h, AUC,,; was (176.20431.89) h+ pg+ L', and AUC,.. was (197.92£37. 54)
h+ pg+ L '.Conclusion The present method is highly selective, sensitive, accurate and with no endogenous interference for

pharmacokinetic study. R-(=)-amlodipine is not found in the plasma, indicating that there is no chiral transformation in healthy

male volunteers.
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Fig 1 Mass spectra of amlodipine (A,B) and chlordiazepoxide (C,D)

2.1.3 mEAFRAE  FTA MRS AR E A
FIBUME B SE R KRB AR 1 ml, 8T
1.5 mlE.L &, K% IMA 10 pl 2,034 mg/L P4z
(BR 75 [ 1L 3% FE AN TARWS W FRA 20 pl 5% B
FRE K W, W IR AT 1 min, 7 000X g B .0 10
min, W R4 FB b3 R AT [ AR AE R

B A A O AR S5 1 ml @ FEEAD 1.5 ml K
T A0 [ AR ZE /AR CHILB) b B, 4 5500 S5 19 1 3% B
i EEBGE /NS, Je/E A 1 ml K1 ml 2026 H
BE/K VAT 1 ml 70 %0 F RS K 9 0K oh ok 8 4 A€ B
ANKE VRIBERR 25 0% B A R AR R Ay . e SR
2.5 KM 1 ml FEEVE RCUR B B AR, U R
8, VRO 30 CoRm AWK T, FRE ¥ 50
pl WESIAE % 5 R HETR 2] 5 min, 16 000 X g &0
10 min, B 25 pl FEEESHT.
2.1.4 FEoEEE BWMAZEAME 1 ml, %
2. 1. 3WUF #:4E ORI N AR I WO » HEFE 25 pl, 135
% ] 2A 5 — 7 vk RE 1 2 Gt 1 3 TR I A SR
BN E L R R R A AR, S AR
2B, R-(H)- A F, S-(—)-% FHFF AR &
85 0 (% BR B ) 43 50 12. 3,16, 9 16, 7 min; X
2, S S R DA A G 2R ) 3 T ) 1 R I B 4
TP B, 25 NI 3R AP SO I P A e 8 9K 2
20. 34 pg/ L), KR 1 A I 7E 20 50 F- 1 s 5
HEAN T, HeikE 2C; 5 —4 2 A A MK A
R AR N G M P e Rk B Ol R L PR M
41. 24 pg/L, BI S-C—)~/R-(+)-20 5 i F XF e fA&

& 20. 62 pg/L), BIAK [ 355 #5806 J5 76 P9 bR K 0 58
BRI BP0, 560358 2D; W2 H R )G
B ML RE &, MK 8 4E, 15 B 2E, 25 R %
WY, 28 IR P 9 U 4 AN T 4 A U R
B 00 5, I HL AN E 22 (8] JE HR A B4
21,5 ABEEMEKTETR BREAME
1.0 ml, i SV bR if: R 50 TAR B O ) LA
24T S O 1M 3% M EE R 0. 206 2.1, 031,2. 062,
4.124.,10.31,20. 62,41, 24 pg/L 1 TAER W CBP S-
(—)~/R-C+)-% 5 b F % mie {4 43 51 J& 0. 103 1,
0.515 5.1, 031,2. 062,5. 155,10. 31,20. 62 pg/L)
FOARE LR RE &, 5 2. 1.3 Wi 24, 85—kt
FERREA G387 . et i, S hruE 2k, LAFs
Ny e J3E Ry R A s R0 T 0 5 P b g 0 T B L (K
PARKR s AW =1/2) e/ = 3 i i 47 26 1k [ml
VA5, SRAG Y B4R 1A 7 F2 B SR bR o il 22, S-
(=) -F A AR ME R 287 y=0. 034 642 + 0. 002
5(R*=0.999 2); R-(H)-HA M FIrmEM 4. y=
0.033 53x+0. 001 3(R*=0.999 5), S-(—)-/R-
(-2 & b F X5 me K/ &M E YR
0.103 1~20. 62 pg/L,E & FR# 0.103 1 pg/L.
BN 2 E S, e A 2 F S (—)-% S
ST R-CH) -2 Gl P ¥ B Dy 0. 103 1 pg/L (1 FE
di s B HEHEAT 5 REAS AR AT JEARE 2 H 0 br o il 2k
TR — REA I E Ve B, SRAFIZWRE T S-(—)-%
S A R-(H)-2 S F 19 H P9 RS % B (RSD) 4%
A 8. 98% (11,52 % ; i # B (RE) 4351 4710, 15 %



+ 766 -

BoEERYER 20124 7 1 33 %

7.45% % &5 B E B LC-MS/MS #:0 52 1fL 3 v S-
()-GO F R- () -5 50 - 19 22 42 F BR &y AT
Plik 0.103 1 ;1g/L°

A ey st

r A
20 22
Time (/min
L
I il
r y B
0 5 10 15 20 22
Time ¢/min

A
ol

0 5 10 15 20 22°
Time t/min
1l il
0 5 10 15 20 22P
Time #/min
/IL
11
LI N b e PN
0 5 10 15 20 22
Time #/min

B2 SSUBTFANRREAERNLE MRM &% E
Fig 2 Typical chromatograms of amlodipine and
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A: Blank plasma; B: Plasma spiked with amlodipine (0. 103 1 pg/L)
and IS (20. 34 pg/L); C: Plasma spiked with IS (20. 34 pg/L); D:
Plasma spiked with amlodipine (41, 24 pg/1) ; E: Plasma sample ob-
tained from healthy volunteer after oral administration; ( [ ) chlordi
azepoxide; ([[ ) R-(-+)-amlodipine; ([l ) S-( —)-amlodipine. IS:

Internal standard chlordiazepoxide
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Tab 1 Matrix effect of S-(— )-/R-(+ )-amlodipine and
internal standard from human plasma

n=5, T*s, %

ColncunlraliPn S-( —)F R-( Sy S
ou/(pg e L 1% amlodipine amlodipine
0. 206 2 78.12+10.35 75.09£6.02 76.21+£8.34
2.062 80.33+3.28 77.78%=9.01 80.54+8.45
16. 496 79.18+5.12 82, 2317.81 78.52L513

IS: Internal standard chlordiazepoxide
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pg/L 3 NHRIER QC KE S (55 AT 4 5 ) E
3L, AR A Y A o il 2R T QC B B A T A5 v
B, BRGNS %, 45 R BR . b AL 3 A
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Tab 2 Precision of the method for
determination of S-( — )-/R-(+ )-amlodipine

n=5, 7*s5,%

Inter-day
Recovery RSD

Intra-day
Recovery RSD

Concentration
ps/(ug s L7

S-(—)-amlodipine

0.206 2 92.79+8.34 8.99 108.57+10.12 9.32

2.062 97.1247.23 7.44 98.34+6.43 6.54

16. 496 104.5245.23 5.00 92.124+4.23 4.59
R-(-+)-amlodipine

0.206 2 96.59+8.56 8.86 99.2518.17 8.23

2.062 103.56+7.34 7.09 98.45+6.19 6.29

16. 496 104.1745.46  5.24 95.30+4.38 4.53

RSD: Relative standard deviation
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L3 ALY QC FE M (K FAT 45 5 19) o PRI &
20. 34 pg/L, # 2. 1.3 WUF J7r ik 84k, 40 5ic % i
Wb AR T RN 3 RV R B S-(—)- R S



ST B WS R A e Rt T I 2 VR ) LC-MS/MS 3 B H A PR A T A Al T RE M ¢ o 767

F R-(A) - G W 1 AL S 0 A s — A A
N LR s Ak 3 i A K N R B ) S S
IR GUEUEE . 3T 57 A bR R A T 4 0 TR Y 7 4 0
B, #ARX: Bk =A/BX100%, 4 16. 496,
2.062,0.206 2 pg/L 3 MR QC £ 5 F 1R &
R BRI %, RN K 3.

F 3 ST A0 R AR7E M 3R AP AR BB i ZE
Tab 3 Recovery of S-(—)-/R-(+ )-amlodipine and

internal standard from human plasma

n=5, ts,%
Concentration S-(—)- R=(+)= S
pu/(pg s L7 amlodipine amlodipine "
0.206 2 75.12+6.78 74.38+5.56 72.19+8.45
2.062 70.3419. 23 77.50+4,52 78.28+5.88
16. 496 72.45+2.72 80.14+4.13 77.56%2.91

IS: Internal standard chlordiazepoxide
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Fig 3 Mean plasma concentration-time profile
of S-(— )-amlodipine in 10 healthy male
volunteers after oral administration
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Fig 4 Chromatograms of amlodipine and internal standard in human plasma samples
A: Blank plasma;B: Plasma spiked with amlodipine (0. 103 1 pg/L) and internal standard chlordiazepoxide (20. 34 pg/L) ;C-P: Plasma samples
of 1,2,4.6,8,10,14,24,36,48,72.96,120,144 h obtained from healthy volunteer after oral administration; ( | ) chlordiazepoxide; ( [[ ) R-(+)-

amlodipine; ([l[) S-(—)-amlodipine
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