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Determination of Atorvastatin and Its Active Metabolites in Plasma of Rat by LC-MS/MS

LUO Nan'*? TAN Li*, ZHANG Mei%, A Jiye'®, SUN Runbin'®, FENG Dong'®, QI Xiemin®, ZOU Bingjie®,
ZHOU Guohua3, HUANG Qingz*, SONG Qinxinla*(l.China Pharmaceutical University, a.Key Laboratory of Drug
Quality Control and Pharmacovigilance of Ministry of Education, b.Key Laboratory of Drug Metabolism and Pharmacokinetics,
Nanjing 210009, China; 2.Center of Inspection and Technical Research, Jiangsu Institute for Food and Drug Control, Nanjing
210000, China; 3.Department of Pharmacology, Jinling Hospital, Medical School of Nanjing University, Nanjing 210002,
China)

ABSTRACT: OBJECTIVE To establish a LC-MS/MS method for simultaneous determination of atorvastatin,
o-hydroxyatorvastatin and p-hydroxyatorvastatin in rat plasma, and apply to the pharmacokinetic study of atorvastatin in
CYP3A-induced model rats and normal rats. METHODS MTBE-ethyl acetate(50 @ 50) was used to extract the drug in rat
plasma in addition to the selection of XBridge Cg(2.1 mmx250 mm, 3.5 pm) as the HPLC column. The column was kept at a
constant temperature(35 ‘C). The mobile phase was 0.1% formic-acetonitrile(40 : 60), isocratic elution for 4.4 min at a flow rate
of 0.2 mL-min™" and the injection volume was 10 uL. The detection of analytes was achieved by tandem mass spectrometry with
electrospray ionization(ESI) interface in positive ion mode. The following multiple reaction monitoring(MRM) transitions were
selected: m/z 559.1—440.1(atorvastatin), m/z 575.3—440.2(o-hydroxyl atorvastatin/p-hydroxyl atorvastatin), m/z 564.3—445.3
(atorvastatin-ds, IS). The rats randomly selected as CYP3A-induced models were administrated with an oral dose of
80 mg-kg™'-d™' dexamethasone for 4 d. Blood samples of normal and model rats were collected in heparinized tubes before, and
at 0.083, 0.17, 0.25, 0.33, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6 h after atorvastatin administration. Plasma was harvested by centrifugation
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and stored frozen until analysis. RESULTS Atorvastatin and its metabolites showed a wide linear range from 0.49-500.00

ng-mL~'(+>>0.99). The analytical method presented the RSD of intra-day precision and inter-day precision were <15%(n=6); the

extraction recovery and matrix effect satisfied the determination standard for biological samples. Futhermore, the drug contained
plasma samples stayed stable in 4, 24 h in room temperature and 3 d in 4 “C. In pharmacokinetic parameters, the Tp,,, and AUC,.,
of rats in induced group were lower than those of normal group, while the K and CL were higher. CONCLUSION The newly
developed method is convenient, stable and sensitive. It can be applied to the simultaneous determination of atorvastatin and its
active metabolites in rat plasma for the pharmacokinetics study. The active atorvastatin components entering the general
circulation demonstrated significant differences between the CYP3A-induced model rats and normal rats.

KEYWORDS: atorvastatin; hydroxyl atorvastatin; LC-MS/MS; pharmacokinetics; CYP3A enzyme; liquid-liquid extraction
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Fig. 1 Schematic diagram of atorvastatin ADME

A-—key transporters and enzymes in atorvastatin ADME; B—metabolism scheme of atorvastatin.
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Tab. 1 Extraction recoveries of different extraction methods

BRALH A

I VR %
U

T FEARARTT o-HAT p-HAT

- - 2 72.83~73.49 53.18~55.00 14.69~18.20

0.1%VK S AR - 7N 71.67~93.53 49.62~66.73 9.48~16.41

- - P 69.06~75.50 52.30~53.91 10.78~17.05

0.1%UK &R - FH i 68.91~75.23 51.21~52.65 9.32~14.12

- FR BT S ik - 15.63~19.24 17.11~21.17 4.36~5.29

0.1%H & BT - 18.98~26.03 19.82~29.17 4.84~6.92

0.1 mol-L™" Z. &% (pH 5.0) FRE AT B ik - 60.71~85.22 62.46~94.05 55.05~80.67
0.1 mol-L™" Z. B % (pH 5.0) B3R T ST R 2R (50 © 50) - 72.59~77.05 76.43~90.12 65.70~83.29
0.1 mol-L™" Z.Fg#4(pH 5.0) H &AL T JEMk—57 P9 BE-— S (60 © 30 1 10) - 73.47~85.43 75.81~91.63 58.61~82.90
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Fig. 2 Representative LC-MS/MS chromatograms in plasma
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R2 RS RWE. RIERE fo kUKL 8 % 5 4 R (n=6)

Tab. 2 Results of precision, accuracy, extraction recovery and matrix effect(n=6)

. 4 I T s % B LR % R W B Y E LS FE R
&Y WEmgmL — ~ — -
WP ng-mL RSD/% W mg-mL RSD/% RR/% % RSD/% % RSD/%

FIFEMRABIT  0.49 0.47+0.00 1.04 0.48+0.01 2.56 98.45 - - - -
0.98 0.98+0.02 2.31 0.97+0.05 4.86 98.96 72.69 5.50 101.96 4.35
31.25 30.76+0.26 0.86 30.58+1.46 5.00 97.85 72.15 4.04 100.86 5.42
400.00 415.61+6.98 1.68 414.36+17.50 422 103.59 79.27 3.95 90.69 3.97

o-HAT 0.49 0.49+0.01 2.24 0.49+0.04 7.65 100.56 - - - -
0.98 0.97+0.06 6.53 0.96+0.05 5.34 97.99 79.72 4.08 100.65 432
31.25 30.82+0.23 0.74 30.66+1.56 5.65 98.11 69.39 6.22 96.67 8.92
400.00 429.08+3.94 0.92 428.36+15.44 3.61 107.09 80.37 4.39 96.52 2.70

p-HAT 0.49 0.50+0.01 1.60 0.51=0.02 3.21 105.19 - - - -
0.98 1.00+0.04 3.92 1.00+0.05 4.67 102.37 69.10 3.68 110.45 4.12
31.25 31.07+0.24 0.76 31.27+1.50 4.79 100.06 80.80 7.68 98.04 8.35
400.00 424.08+0.72 0.17 421.64+14.91 3.54 105.41 76.51 7.00 94.24 2.41

325 FaEME #1145 0.98, 31.25, 400.00 ng'mL™'
(11 QC B i, B—IREEHEAT 5 FER DT, 730l 5%
AL TR S B IR T 4 CICE 3 dv FIRME 4 h
MEIRBUE 24 h IFEME. SRER, AL
HHIFESAAE 4 CHE 3 dv EiRAE 4 h A1 24 h,
FIFEAAIT . o-HAT. p-HAT $y%asE, A LLRIERE
fn A BT, 45 SRR 3.
3.2.6 FREARN  #]4 400.00 ng-mL™ K
QC FEAF A [ MLIAEA, BT AMEK . mikE
QC FEA, FHMMFEA ., mikE QC A, =H
M. FREE QC FEA. = [ M BFEA I, &
FEARES 2 UOIERE, WSS B I RAE A B 4K
fl7T 0-HAT. p-HAT AN 0, FFGtift
VT-ds P35 AR O LLOQ VT AR 0.19%, &
B Ak FE A AR R R FEE R AR TR0 5 TG ke B 2850
3.3 2R

I8 “2.47 TiH (1) S 56 7 SR IE A AR
KERARREMAE . 10 2K R8I AE A 4% At 55 Fie
BESTITVE, R BT FEAARTT . o-HAT. p-HAT
W25 IR EE . 45 B B IR 4 A1 5% S 41 K R
B A TR G, RN ZA3Ed B &
T E RO, 25 gk R 3, B2

ENFESHIER 40 X TR BRAERE B 45 25 FE Ak At
TIa, B2 EAE 18 min &4 A BIE(E 5
MR T ZE AP o-HAT 75 $1if 253Kk
FEVEAE I (B MG, JF HAHERZENS, 121k A B B I
s 3 — N PEACS= 1 p-HAT fE4R A 5 &
IRAR, (LY RTWE SR 38 1 269Kl 26 21 B 1
SERA A RS . BTl TT B P s
PEARH =077 2, AT R M A e i th 5
W VEACH P B R R, X S AR SR
KRR — .

140 1 —— SRR AT —— 5 FULRTFEA R AT
120 1 -+ - X ME4lo-HAT - s - % F4l0-HAT

- 4 a2

5100 M4 p-HAT == 341 p-HAT
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2 601 3 cemmobel

£ 40 Sem,
g s

3 KEEESZ 10mgkg ' FAR& M T8 2 o i &
Fig. 3 Plasma concentrations of atorvastatin in rat subjects
following oral administration of a single 10 mg-kg™
atorvastatin dose

=3 MEPHRAEL CHEIL FIEKE 4h 24 h 5T HELEE0N=S5)

Tab. 3 Stability results of plasma sample in4 ‘C for 3 d, room temperature for 4 h, and room temperature for 24 h(n=5)

e W/ KK /ng-mL ™ (RSD/%)
" ng-mL”’ i 4h i 24 h 4 C 3d

0.98 0.99+0.05(4.66) 0.97+0.05(4.94) 0.99+0.11(10.88)

B+ AR At VT 31.25 31.05+1.14(2.71) 30.99+1.43(4.52) 30.23£0.87(3.33)
400.00 427.20+10.88(2.55) 408.99+12.92(3.16) 412.77+20.84(5.05)
0.98 0.99+0.05(4.73) 0.98+0.03(3.12) 1.03+0.058(7.56)

o-HAT 31.25 30.1240.89(3.38) 30.14+1.29(4.95) 31.01£1.16(3.82)
400.00 431.60:£18.24(4.23) 430.23+16.49(3.83) 422.78+21.34(5.05)

0.98 1.0120.06(6.21)

1.01£0.05(5.28) 1.0120.10(10.35)

p-HAT 31.25 31.60£1.51(4.77) 31.36+1.32(4.20) 30.75+0.92(2.99)
400.00 417.62+13.33(3.19) 416.82+17.30(4.15) 426.68+12.52(2.93)
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Tab. 4 Pharmacokinetic parameters for atorvastatin after oral administration of 10 mg-kg™" in rats

Paiil & K™ ti/h Tonax/h Ciax/ng-mL™ AUC./h-ng-mL™" CL/mL-h™" kg™
FAT G AR A VT 0.22 4.66 0.30 98.66 139.94 49 750.37
X REAH 0-HAT 0.13 7.64 2.40 72.17 291.68 20 157.88
p-HAT 0.15 5.41 3.00 5.54 21.60 264 692.74
FAT G AR AT 0.17 4.82 0.22 82.45 106.81 61 906.54
HGA 0-HAT 0.15 6.18 0.25 31.37 100.79 44 573.04
p-HAT 0.10 7.89 1.02 2.93 10.40 425 639.96

xR R 253 =S80, SRR
A BT FEAR AT ) Tnaxs Conax~ AUCo., 237N F-5%F FR 4,
MERRZ CL A Bl 2 4 K HI KT X IR
T BH 75 5 2H K SRR A D BT 6 AR At T 7 BE R PR B[] 7
IS B 2GR B VAR, AR i S AR R v 1 R )
o-HAT Al p-HAT . tH T-HiZE KA 15T CYP3A BERIA
JarE ARG IR, A5 AL BEZG R F R AR A VT 7E
KB TSR RN, FEF R R RE, AUC tAH
X FEAR
4 it

Hhy FE K AR A — PP R IBE B R, R
s 5T CYP3A MG PERE, A BT &4
HNH T3k N CYP3A Bl SRR 5, 3 H.
£ mRNA F12 (4 /KF B SREHP, BT
il 75 3 AR Y ) Ak P B E /D LR IE . AR &
CYP3A4 BAU 1259, 76 HEPE K B4 Y SEBR 2 B
CYP2C i, 7EMEVERE A CYP3A BEAR
o, peah, WEME K B4R CYP2C BT 254 1k
R MmN TEERR, BEHTELE
CYP3A FiF 1575 5 A O A 265 M T4 PR A AR,
DRIk, 2838 P 7R VR A DA st 3 K AR s 570,
PER BB FEN R, S 3L CYP3A B 5 AR Y,
AT AR A B IE o

¥ % & (Pregnane X receptor, PXR)7F % S
CYP3A b dE B MUY, H AL & 5 i
B, BERS B BE4E S DNA X B 35 A0 40 3% R
CYP3A. MDRI1 % 3Rk, [R5 CYP3A ZEH
T X 45 AW InEE 1 M RIE . BER SR
VI HbFEKAS IE A2 PXR IHECAR, BEE B B R o
FZ4k, HMiIES PXR W CYP3A B§IHIERE
BV, A, SR A X BT FEAR A YT 11 KA
3 UGT 4 3~4 {5 HE S, hal— g -
fERERT LA T AR . R, S A KBRAN
BT FEARAR YT BR IR, PIRESZ 2] CYP3A B 14 3
DN UGT Wiy 2325 38 hn iy A0 = {1 AR H

% CYP3A [ig4h, PXR ik 5 1 iff IT AHAR 15 Al

o EBACR I 252 2019 4 5 H 55 36 555 9

IR A(P-gp)fK. P-gp /&2 ABC iz MK
R EE R, % B 2 25T 2452k K 4w i, 1] MDRI1
HAEA SETFLARATT A = 2 AR HEE, b
FERMAPESEXT FF N P-gp MIVEPES SR RIA 4.8
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DA HH 28 KR4 51 RS 1 JFF /N MDR1 1) 23K & 39
AR 2 ] FE A A VT AR 7 PR T8 ok A R

SIS SE AT LLE H, CYP3A ARiHEE LA K 4
B SR MEAZE R, 2 REPTFEAAR T AL
Ja s E RS (AUC 2 AN 3 22 55(P=0.027, = H
Y AUC Z RN S 2.1 %), M sRALIAR 2
RIAMRZE T o XA R — A B IR R K P BE M RE (1
I, 175 B B AR R A AR IR S A G
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