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 OE B EIREMNEALRFFLEF iakF TR AR TR EG T &, Hik hRERETE(E01%F
BR) LR & G G, AL BR LS T BR A AT, R A A 3 2R AR & - B IRk . &34 A Waters ACQUITY UPLC HSS Cis, it
A8 A 8-0.01% F B89 KI5 -8-0.01% F BR 09 F BR ik (#5 E2e L) , i 47 0.3 mL/min, £:% 4 50 °C,#AFF % 5 uL; kA B v
FHTR AS R BEMNERXRATES T4, A T E M0 E T35 5 4 m/z 237.00>194.05(F & & -F) .m/z 278.20—58.10
(X323 ) .m/z 358.08—135.04( F #4651 87 ) \m/z 347.15—315.17(FE R HF ) .m/z 357.09—134.06( N4R), & R. FTLH-F &g L
Yk R T AR B R R o 25 R B 64 ZRMESE ) 4 A1 4 2.00~2 000.00,2.12~2 120.00,2.00~2 000.00,2.04~1 020.00 ng/mL
(r4 %1 % 0.995 9.0.990 5.0.991 5.0.991 0, n=5) , A& F& 4 5] 4 0.200,0.106.,0.100,1.020 ng/mL; B /3 | B & RSD 3§ /> T
15% , A8 34i% £ 0 4o 3B T 15% ; F2ICEDI % 4 65.66% ~96.36 % (RSD<15% ,n=5) , 3 A2 5 4 80.99% ~114.33% . £ A%
AT 2B R B A R 8 - 44 25 5% E 4] 4 (1 500,41 +169.11) . (1 159.01 + 59.24)ng/mL(RSD %% 4 11.27% .5.60% ,
n=3),24] Z o JE F E AR R H KT 09 fn 2 AR o #) A (14.68 +1.92) L (21.18 + 3.59)ng/mL (RSD %% 4 16.98% . 13.10%
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Simultaneous Determination of Carbamazepine, Venlafaxine, Ros Cﬂ 1fed1p1ne in Human
Plasma by UPLC-MS/MS

WANG Wei, DING Renkui, LI Qingyan, QI Yan xw ion Med1ca1 Center/Institute of Aviation
Medicine, Civil Aviation General Ho‘spltal il A;aa inistration of China, Beijing 100123, China)

ABSTRACT OBIJECTIVE: To@@m for simultaneous determination of carbamazepine, venlafaxine, rosiglitazone
(0]

and nifedipine in humangplasma. DS: UPLC-MS/MS method was adopted to determine plasma sample after precipitated

with metha O.f% formic acid) using pioglitazone hydrochloride as internal standard. The determination was
erS ACQUITY UPLC HSS Cis column with mobile phase consisted of aqueous solution containing 0.01% formic
acid-methanol containing 0.01% formic acid (gradient elution) at the flow rate of 0.3 mL/min. The column temperature was
50 °C, and sample size was 5 pL. ESI was used for positive ion scanning by multi reaction monitoring mode. The ion pairs for
quantitative analysis were m/z 237.00 to 194.05 (carbamazepine), m/z 278.20 to 58.10 (venlafaxine) , m/z 358.08 to 135.04
(rosiglitazone) , m/z 347.15 to 315.17 (nifedipine) , m/z 357.09 to 134.06 (internal standard). RESULTS: The liner ranges of
carbamazepine, venlafaxine hydrochloride, rosiglitazone hydrochloride and nifedipine were 2.00-2 000.00 (r=0.995 9, n=5) ,
2.12-2 120.00 (»=0.990 5, n=5), 2.00-2 000.00 (»=0.991 5, n=5) and 2.04-1 020.00 (»=0.991 0, n=5) ng/mL; the minimum
detection limits were 0.200, 0.106, 0.100, 1.020 ng/mL, respectively. RSDs of inter-day and intra-day were less than 15% . The
absolute values of RE were less than 15%. The extraction recoveries were 65.66% -96.36% (RSD% <<15% ,n=>5), and matrix effects
ranged 80.99% -114.33% . The plasma concentrations of carbamazepine in 2 epileptic patients were (1 500.41 + 169.11), (1 159.01 +
59.24) ng/mL (RSD were 11.27% , 5.60% ,n=3). The plasma concentrations of nifedipine in 2 hypertensive patients were (14.68
1.92), (21.18 + 3.59) ng/mL (RSD were 16.98% , 13.10% ,n=
3). CONCLUSIONS: The method is simple, specific,

sensitive, accurate and suitable for the monitoring of plasma
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concentration and pharmacodynamic study of above drugs.
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OIS FE R FHAF T AR MNE A BN A2
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IR SR 259, T RBE AR 2 Sl KA
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JE2 BUIPAR 2 SE IS K A 255 R T VG- B A
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SCHR A LA b, w1 IR S IS R S
S SCRLIEAE B 47 R A T R )R v R A
038 - ER I BT 9 (UPLC-MS/MS) , A F Tl R £ 3 1M,
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1.1 {88

R (B — ook

ynx 4.1 50k (25 Waters 23 1)) ; BT25S B+ 54322
—HL R (B[ 28 Z 3122 7)) ; SIGMA 3-18K I & 28
R RV U O AL (R [ A 4% 3520 7] ) s Milli-Q Advantage
A10 TRIAl KAWL (35 [ %5 HE 1 2 \] ) s VORTEX-5 BRUJiE iR 1
Gt LI LR DR HE A R A A .
1.2 #R5iKFA

R E PG B M (36 [ Sigma-Aldrich 23w 4t
5 FN03241402, % & : 1 mg/mL) 5 $h 2 SCH7 e % B i
(#£5: 100543-200401, 4L JF : 99.9% ) . R % k% 5] il X
BE S (#2552 100673-200401 , 4035 : 91.3% ) it 2 i1 - %of
A (4165 £ 100338-201404 , 41 : 99.9 % ) FHER B2 kA% 471]
il % BE A R, 5 2 100634-201202, 465 - 1009% )
P o 24 R IS e AR 5 PR PR R A i
KR EBET K,
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1.3 Z=HMmE

AL 6 Bl R IR, TR 2 IE L ik i, 5
TR AP A B0 A L2 292xg 5.0 5 min,
B FTHCET —20 CORKA PR ORI, 25 o
2 HEEER
2.1 BiEE5REEY
2.1.1 i %M {64 4 . Waters ACQUITY UPLC
HSS Cis(150 mmx2.1 mm, 1.8 pm) ; FiZhAH : 5 0.019% F
R 7KV (A)-75 0.01% H R 1Y) H BV (B) , B E BRI
(0~2 min,85%A—30%A;2~6 min,30%A—5%A ; 6~
7 min, 5% A; 7~17.1 min, 5% A—85% A; 7.1~10 min,
85%A) ; itk : 0.3 mL/min; ¥Ei : 50 °C ; #EFEHR 5 ul,
2.1.2 BTt AmESE B B IR 120 °C;
FV IR - 350 °C 5 VAU 3 - 650 L/h; BAHE
L 3.0 KV 3 2R FH 22 SO Wil (MRMD) B33 4, 1F 25+
J7 =K AREIN RN AR BTSSR 1

x1 ANFNHFINIRARIESE
Tab 1 MS parameters of 4 analytes and internal stan-
dard

Rl i Bhioz  TRIn:  BUDEY __ WEMEY |

FOHT 23700 194.05" U 20
pEitisa 27820 58.10° 2

1@ %5 18
B85 3 & ’ 4 7
w 119.06 I 58
?\a( Wi 315.17° % 8

246.10 26 10

Tk R T

Note: “* " means quantitative ion
22 BikMHIE
2.2.1 XF RSB MR G AR E TAR R AR
FiR SCH I R B A 47 R R b Yo R 453
BT 5 mL i R AR I E e 25, el R R S
e ERER A% A I i R b - BT R R BE 430 R 0.212
0.200.,0.204 mg/mL A XT RS 248 ¥k . A2 it B R 4%
I 5 WOFT S T G 1008 Bt 0 U A% 3 o, T[] — B
o, T B A R840 AR BRI SR ERIR B AR S |
il 28 P R P P BT R 2 S Oy 42,40, 40.00
40.80,40.00 pg/mL (IR A X B8 5V V5 Bl e FH PR A
BE o3 AR ER R SCHL S B W B O 21.20,10.60 ,2.12,
1.06.,0.424.0.212.,0.042 4 pg/mL, £ 18 % &% 51) i Ji 5 e
J& 3 20.00,10.00,2.00,1.00,0.40,0.20.,0.04 pug/mL, i A
HiL - S5 v Sl 20,40, 10,20, 2.04,1.02.,0.408 . 0.204
0.040 8 pg/mL, < T P41 5t &9 & 2 20.00,10.00,2.00
1.00.,0.40,0.20.,0.04 pg/mL Y R AVREAFRUE TAER

- Qfm 35709 13406° 5% %
'\(\a 119.05 5% 5
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2.2.2 AR KEEEFRBUAFRAT B 1.02 mg, BT 5
mL 5, R B A O 2, 19 5 i R EE O 0.204
mg/mL [N BRI o RS R I 459 25 L, B
F 10 mL i b, B 2 A9 B B 0.51 pg/mL
N BRI
2.3 MEHRKLE
FE B RIS (A ME 200 pL, BT 1.5 mL W0RF 25048

o A AR (051 pg/mL)5.0 pL, # g1 5 30 s, i
AHEE(E0.1% R )500 pL, W iEiRA160s, T4 CF .
P15 493%g 250> 10 min, B F 35 5 uL, JEFESMT .
24 FHiEFER
241 EBIEMEEL S HE6 ARSI R A ZS 3K
%200 pL, #“2.37 50 F ki Ab S R A AR kK]
LA 53 L 4 FPREI0) 6 Il A i (R E P9 ERR SO
Do CER R A A T |6 2R b ST ) 0 S R BE 43 AR
50.00.53.00,50.00,51.00 ng/mL) , % “2.3" 51~ J5 pAb B
J& , HEREST BT A5 5 A 1B BRI AR 2 (IR R H 78
S AR T ) 08 ISR it 25 1, #62.3 7 I Jy Ak 3
J&  BERE T ARSI 1C /1D, 25 oK, fE“2.17
T3 55 TR S5 A R, R S PSP SChiaE (B RE S1ER
il 2 b V- R NS 8 3 25 B8 B0, O B IF IR 43 391 A 3.58
2.81.2.52.,3.81,3.32 min; M2 H N URMED IS T ik
FEIUA A0 2
2.4.2  ARUERNZ AL g 5T BR SR I U R %) 25 ¢

BUas (K 200 pL, S E A “2.2.17 500 F RANR A bR
HE TAER A, Fe R S5 ERR 2 s 1) ﬁﬁﬁﬁﬁ%

J& 44 2 000.00, 1 000.00,500.0 og 0.00,
10.00,2.00 ng/mL , Fh iR SCH ] A 2 120.00
.10.60.2.12 ng/mL,

020.00,510.00,102.00,51.00,

SFRSE SRS IO SR TS ] . DA o R B (x)
R A ER R N BRI TETRR A AR () AL, i
IR (w= 1) etk a1 . 4558 8w , K DV bk
SCRLIEAE Fh IR %R 5 T A b - 1 2 3 B ) 2
FEl43-518 2.00~2 000.00.2.12~2 120.00.,2.00~2 000.00
2.04~1020.00 ng/mL(r 43324 0.995 9.0.990 5.0.991 5,
0.991 0,n=5) , {4 M B 5351 >4 0.200,0.106 . 0.100 ,
1.020 ng/mL, FERLF 2.

2.4.3  OREWEEE MERAEEASRER MRS S iR
200 pL, 437 e R S5 PGP L b e B VR BE (5.00,
80.00,1 200.00 ng/mL) , £h & SCHI =A% L R BT VR
J& (5.30.,84.80.1 272.00 ng/mL) , Fh 2 &' # #1| B {1k . v |
MR BE (5.00.80.00 .1 200.00 ng/mL) , il 2K b A1
o B VR (5.10.81.60.612.00 ng/mL) B BT EEFE S
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F3 B3
347.152>>315.177(Nifedipine ) 347.152>>315.177(Nifedipine )
1.53¢3 3.12¢3

100 100,
50] Ml 50 1
Y Y
2,00 3.00 4.00 5.00 200 700400 500
: F3
100 237>194.05(Carbamazepine) 100 237>194.05(Carbamazepine)
501 P | 80.4 501 M 1.27e4
T T T 0 WARAS LARAS naRas Ranas naRas Razas]
2,00 3.00 4,00 5.00 2,00 300 400 500
F2 F2
357.09>134.06( PioglitazoneHydrochloride) 357.09>134.06( PioglitazoneHydrochloride)
s 19 514 s 100 . L55¢5
S50 .50 |
i - T T = ——— ey
= 2,00 3.00 4,00 5.00 E 2,00 300 400 500
= Fl = Fl
E 358.08>>135.04(Rosiglitazone) £ 0 358.08>>135.04(Rosiglitazone)
56.2 1.71e5
50 50 4
T LA i it s s s
2,00 3.00 4.00 5.00 2.00 300 400 500
Fl Fl
100 278.2>58.1 (Venlafazine) 100 278.2>58.1 (Venlafazine)
56.3 2.18¢5
50 50
0 T ———e 0 ABALAA L
2,00 3.00 4,00 5.00 2,00 3.00 400 500
I E], min I 7], min
ALK B.25 (LR AR
F3 F3
347.152>315.177(Nifedipine) 347.152>315.177(Nifedipine)
100 442 100 1 L1063
50 50
0 LAaadnadadisisbenss s suin nin) 0 T T T
2.00 3.00 4,00 5.00 2,00 3.00 1,00 5.0
F3 F3
237>194.05( Carbamazepine) 237>194.05( Cagbamazepine)
128; 2 33.34¢5 ‘gg; eV g 327
T T T T 1 v T T T T T T ul
2,00 3.00 4,00 5.00 2.00 3.00 4,00 5.00
F2 F2
© 1004 57.09>134.06(PioglitizoneHydrochloride) S g0y 970913406 (PioglitpzoneHydrochloride)
s 3 1.7065 .o 3 1.53¢5
w0 s 50
= T T T T T T J = T T T T T 1
= 2.00 3.00 4,00 5.00 bt 2.00 3.00 400 5.00
- Fl = Fl
358.08>135.04(Rosiglitazone) 338.08>>135.04(Rosiglitazone)
100 h 52.9 100 38.1
50 - 50 -
0 LAaadnaaad sisi Lenss s Loss niny) 0 A L M ML L N )
2.00 3.00 4.00 5.00 2.00 3.00 4.00 5.00
Fl Fl
100 275,255, 1 (Venlafazine) 100 216,22 581 Venlafzine)
50 - 50 " ’
U T T T T T T T 1 T T T T T T T 1
2.00 3.00 4.00 5.00 2.00 3.00 4,00 5.00
i), min R[], min

CABH ORTR PP i
AR

TE: 1.ﬁﬁﬁi&?;2.%5@¥;3.V\]15%;4.9§’1‘%57U@|§J@ %

DB IR TRH ) iR
AR

Note: l.nifedipine; 2.carbamazepine; nte tahdard; 4.

rosiglitazone; 5.venlafaxine

@@&@

gﬁ cal chromatograms

\@a R 2 B TR R R
BER

Tab 2 Results of standard curves, lower limit of quanti-

tation and lowest detection limit of 4 analytes

me e o R R MR
REliRE y=6.18x10%-266x10° 09959 2.00~200000  2.00 0.200
BEOCEE  y=530x10"4381x 107 09905 212~212000 212 0.106
HMBHIE  y=475x10%+153x10° 09915 2.00~200000  2.00 0.100
SR y=852x10%+292x10° 09910 2.04~102000 204 1.020

A& R BEPATECH 5 0y, 4237 WUR b Hs | it
FEATHT , %5 5% H RT3 B s 2200 7€ 3 d, #5624 H A h
SRR i (R SO VR B, 5 H (DR L K sl
JoT VA B SR T TR R A T LA, DAAE R 25 (RE ) 2K
HELUERAE o B TR b 1 06 T RR 5 A i R 2 B
JE A R INR A PR TAE WA A5 (g e T AR T 1
B R PEIR , S5 EOR & TR H N L H A
RSD<15% , RE 4 % << 15 % ; & 1450 9y fr4 55 B ] i 2%
1 65.66 % ~96.36% (RSD<<15% ,n=>5) ; N5 (142 5 5]
Wy (94.64 £ 4.73) % (RSD=5.01% ,n=>5) , fFF-&1E4)
P b BT RS TR T ™ PR 3,

244 FEFTHON WA MR GE B $C2.37 BN ik
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x=3

B E ERENRR ORGSR

Tab 3 Results of accuracy, precision and extraction recovery tests

_— A EﬁWﬁ%w:s) __ Hj‘ﬂﬁ%‘fg(nza) RE® ‘ %ﬁ@%%(ﬂiﬁ
SRR i ts) ng/ml RSD, % SRR Gits) ng/ml RSD, % AT Es), % RSD, %
s 5.00 4341036 8.65 4364025 571 —1495 72864 10.16 13.95
80.00 71934 1.36 1.90 75554381 5.04 -10.08 9111 +841 923
1200.00 1023304 56,34 551 1004.02£47.89 4T -147 76.50£5.52 721
EArseitiee 530 5494041 741 5.80£0.36 6.17 361 90.20£6.16 682
84.80 90.22+2.05 227 9168+557 6.08 639 8776+ 12,68 1445
1272.00 1086.57+85.05 783 1062.26£68.10 641 —1458 80.94£5.69 703
T 831 5.00 566023 405 492+0.69 1419 13.04 86.79£10.37 11.95
80.00 8736£291 334 90.12+3.65 406 921 92.76£7.90 852
120000 1055.90+55.85 529 1053.24 4538 431 —1201 84.61£2.97 350
fASF 5.10 4434055 1248 5021071 1417 -13.12 746741067 1429
81.60 83.60+5.56 6.64 8331£6.76 8.12 245 78784918 11.66
612.00 58478 £ 56.06 959 539.15459.77 11.09 —445 70,50+ 4.84 6.6
SEPRSE A 227 U PR A M A ORI N ARIA S AR S EORYTRTIIRCR KA R AR 25 9K 0 ik

i, FO AR S PGP b B kR (5.00,80.00
1 200.00 ng/mL) , ERFRSCHr AL  Hp s B ik 2 (5.30
84.80.1 272.00 ng/mL) , ERFR K& SRS  Hr |y ot ik B
(5.00.80.00.1 200.00 ng/mL) , il ZEHB-P-IG L i e
J&#(5.10,81.60,612.00 ng/mL) f4 L3 A &, PEFE ST, i
SRUETHIAR (A) 5 AAS FIVA R0 [ - /K (52 2, w7 0) T il A
JoT R B ARV SRS T ISR TRTRR (B) s FE BT
(%)=A/Bx100% . FSTR A TR 5 ). 45 R ER,
R PUF- FRER TR AR S RS S S A T S
N4 Tk 84.15% ~104.01% . 80.99% ~111.65% .
81.66% ~114.33% .81.86% ~108. 37%(RSD<15% n=

5) 3 bR R JE T 000 jﬂ(8792+477)%(R
n="5) , JE/R I BN AL R Al Fg&
245 FREMAER L Jﬁ [0 473} 3

(5.00.80.00 41 Lﬁ,ﬂ:&ih{iﬂﬁ% SN
Jo1 SO048%.80 .1 272.00 ng/mL) , £k R % ¥ 51 i
I Hp R B Ik B (5.00,80.00, 1 200.00 ng/mL) , it 4
HISPA b B hE MR (5.10.81.60 ,612.00 ng/mL) Y5
PERE LA 507, 23 25 5 HAE — 20 CUKAE S 20 d.
S R (—20 C~3 ) 3R e 2.3" W N kb s
LS A SRR R (10 C) L E 24 h iGFaEE . 45

WR, & BRI E RS P RE M R AT REY/NT
20% .
25 IGKREZA

K AR UPLC-MS/MS 32: 1 52 4 151 58 3 114 1t 24 e

B Hodr, 2 ) S E 2 O | 1 G R P
N ER G YT , 1A TR S8 P AR T 2k
7 CBCRAME , T3 T 2% ) s S350 2 B B35 w12 s
I, 34 A P 28 b P 3B 7 (CROR AN, 55 #6147 T 24590
). R EBE UL B IRGIT A . R

HHEEZG 2018 4F5 29 5 2 )

FAMEFBWE RS R IEAEAS BN A KU , R B FL ik o
5 mL A7 I 2 B Wl o K b IR K LT R N
BUEERI B A, L 2 292%g B0 5 min, B FJZ 123K,
Fie“2.3" T A BE  HERE AT A FEAR E A E 3
W, LY HbRHEf B 25k B . 455 o, 2
iR B AR DY R P ST 1 i 2 R R 43 (1

169.11) (1 159.01 + 59.24 )ng/mL (RS @K.ZE%\

5.60% .,n=3); mmmr N S 1 i 24
.59)ng/mL(RSD 434l

FE 451 (14.6
NG m

H T, & F IMEFEA R PG SCRik-r 2651

TR RIS A T ) RS 3k O A A G ,
T A% AR (5 1 (HPLC) | 80 AH (5 33 - B 3% Bk A v
(LC-MS) FIAH €35 - HR I BT vk (LC-MS/MS) ¥, He
i, HPLC ¥ 1) 22 08 51K LA 75 1 2% 6 K s LC-MS
o LC-MS/MS 7 i Fif 4b By v 58 0 52 4, S MRV T 4%
7, HZE TR — b SR AR 6 B4 3C
Q2 T S v [ U el W N T 7 9 - )
UPLC-MS/MS i , K T H (75 0.19% W R ) HLAZDITE &
1, A B T SCHRAGE A - TR ZE IO AR TR 45 VR B TR B
AR B e, FLRS AT R b G T AR BRI T ) 2 T
U RGeS T IR R RFEA AT, AT
S B DA FI AT I T 0.01% R, b4 T
PEAFI IR IETE bk S i . Sl B R 5
E’JW/)?I&F%E%GEHETH% I A A 7E 2 min LS H
%, —ERESE FREAIR T RN B RE I ; [, 45 FR 4
%F:%r“ RAF A BT o i B A 5 Bt b 4 i 1
TR A . ik F AR R R AR R
FEI O T4/, O i 09 B JE PG, 2P 18] 98 T SCiHk
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HRABE s [RGB R E RLAT, AT FHF I R AR AR
SERIHT. FIA, REPEF SCRIVE-E RS M 50 (5
P R IRER ) AR R /N 1.0 ng/mL, Ry
DR s R A R ARSI B 2 1.020 ng/mL, B
1o T SCHR[ 14D, AEATS Rl T 2L 1 PR AW I e 3R (R 2R -7
P AR T A0 I 24 6 KT 1.0 ng/mL) ™, ARBIFSE
AR NS SR A bR, R S REAL G B Gk rh 34
A ERT B T R AR AR, i S A0 AR AR R i
R P R Wk FNZAL S E AR 2 AE 1Y o
I, 25 5 RSB — BRI AR 25 G 1 48 ]
B, A A RN 2SRRI IR FIRTT AR5 1
259, &8 A VAR RN, B MR 22 5 K
FAZG S5 R 23T 330K RO B & A DRI 1f 24 3
F4) W) S A5 R g R I 2 W vk 254
TBIT A RO PP SR TR (R B . A SR
K H 38 UPLC-MS/MS X% I IR 8 5 04 I Y RE AR 1 7
T2 I, e L5 R AR A R - A P I
2k i R (21.18 + 3.59) ng/mL] H i IR 25 W] B0 T 3k
i Sk T VTR 21 SRR, [ AR B ot 24 e BB W 4t SR
AR B 1 5 Bk TR 2 3 d R R A
WREIRAS AR . AR R T 4 i) £ 1) I 2
RS, B E T I 2 B 25, BTG 1S K RAE A it
i — %5 A, I %Lﬁﬁﬁi{ﬁﬁ%uumwﬁ%ﬂhm?ﬁ

HHR BLIE 2 S A28 B OB RE 77, B2 ek \\
%;rﬂtt

W2 WA st — 2Rl 254y Eﬁlﬁﬁ/zt
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