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Abstract: To develop an accurate and sensitive UPLC-MS/MS method for simultaneous determination of
losartan and its active metabolites losartan carboxylic acid in human plasma to study pharmacokinetic of
losartan in human. Using SepaxGP-C18(2.1 mmx50 mm, 1.8 pum) column with 0.15% formic acid-0.04%
ammonia-water (ultrasonic for 20 min, add 0.01% ammonia water) as the aqueous phase, 0.15% formic acid-
0.04% ammonia-98% acetonitrile as the organic phase, the flow rate was 0.3 mL/min, gradient elution. D4-
losartan and d4-losartan carboxylic acid were used as the internal standard. Human plasma samples were
deproteinized with acetonitrile. An electron spray ionization (ESI) was applied and operated in the positive
multiple reaction monitoring (MRM) mode. In the plasma samples, the calibration curve for losartan and
losartan carboxylic acid was in the range of 2.0-2 000 ng/mL and 2.4-2 400 ng/mL, respectively. The retention
time of losartan and its internal standard were 1.16 min while the retention time of losartan carboxylic acid and
its internal standard were 1.26 min. Pretreatment recovery was 109.9%, 97.55%. Accuracy, precision and
matrixes effect after internal standard calibration are comply with relevant requirements. The method is simple,
rapid, sensitive and accurate for the determination of losartan and metabolites in human plasma and to be

suitable for the pharmacokinetic study.
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F VI AN (losartan potassium ) & 4 ER 5 — 4~ [
i RAR BRI M A SRk 3R 1L S AR5 412Y, T LARH
W PR A S SRR 1 I A R K 2R i 7 A ) A5 P2 B
YEH, BA REFPTE MRS TR, SV HHER 11 AR
W R A, 2878 i ARG T R R B3 PEA G4 S
b TG AR, 3 B A ) H D R R
(losartan carboxylic acid, LCA) i % A F o & 10
3 (losartan, LST) 1Y 10 £5™, I AEAF 58 A VDI A
WA RN 2GSl 12, [R5 S VPSR FS>
R+ b2, RN, A SCHkHE S DA Y
255077 52 AN [ QU 2 X 2 PR P A S e o, A b B
TR R W 22 IR AR EAE XA [ R U il 70 264 7 2 ) 5
RPN LIRS S 2 im R 25 T S5 8. H
I, ] P A SCRRARGE I s S0 30 S AR vk B 1)
FEE YA LC-UV B LC-MS 3%, Hirp LC-MS
% N ALHE HPLC-MS %, HPLC-MS/MS® 7% L K
UPLC-MS/MS 3120, [fi 5 AF: it Tk 3R 7 ¥ A WK
AP AR FE BOE ORI TOE 8 ke, HE
TR A %) 5k A A X LA SHE TSR AR i Ak 3 1% i 5 PR
ST NG = o8 T [T ST AN 10 7 W =7 O 2 R T
PG ) AT o ASIFGTAE DA 7 VR I A T
I LAk, SR R R A e i 25 ) AR VR
bR, CHEUTTE S G HROK S R B e, dE3r 1
UPLC-MS/MS 32 [l IRy 7 AL LST K A

Y LCA VR Jr vk . ik R &>, Gty
7, BAREA SR BT A 2.1 min, B H TG IAE
AR A 600 A, W] R 2B A BT N B TAERL
R OE TR E R TR TAE, ©RII TR

VRIHAR F (0.1 g) 7R A I 3 i A= 0 S o
1 MRI5RE%
1.1 A%

H 7% SHIMADZU SIL-30 AC % 25 %4 i AH £5,3i%
1% 35 AB Sciex QTRAP 5500 Jiii%{¥; 7% Eppendorf
23] 5810R AR 2500l ; 38 [ Millipore 23 7] Milli-
Q Hl4fi/k{¥; B METTLER TOLEDO /A XP205R
RIA-T5 53 2 — B F o R BT A A A A PR
7y ] KQ-300DE AUEHE 1 FH I 1 e i 5 B R AR I
AbPRZ %A Analyst 1.6.3,
1.2 AR5
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039A9, 4iF 99.9%; d4-LST(d4-& 7P1H, d4-losartan)
FRUEN, 14K Tlepharmachem 23 7], 2286-087A3,
4l iF 98.6%; d4-LCA( d4-5 V) 0 R 12 , d4-losartan
carboxylic acid) #5 #fE iy, i1 & K Tlcpharmachem 73
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1.3 7%
1.3.1 ks

%4 SepaxGP-C18(2.1 mmx*50 mm, 1.8 um),
[ SEPAX /A ; HEIR: 40°C; FishtH: A 1k 0.15%
H2-0.04% 2 /K-7K (B 7 20 min J&, fiILA 0.01% %
7K), B MR 0.15% HIR-0.04% Z7K-98% LM ; BEJE
BEME: 0.01~0.60 min, B A 48%~78%; 0.60~0.90 min,
B 78%~95%; 0.90~0.95 min, B 95%~100%;
0.95~1.50 min, B £ 4F 100% AS4L; 1.50~1.51 min,
B #H 100%~48%; 1.51~2.1 min, B A {4 #F 48% &
A%, Yitd: 0.3 mL/min, £ 6 pL, FEHATHS: 2.1 min,
1.3.2  JHiE s

K H £ [ VB W ( MRM, multiple reaction
monitoring) , 1E B T, ESICHLBEZS 85 11,
electron spray ionization) , < ¥ <. 35 psi( 1 psi =
6.895 kPa), 5 {L/A. 40 psi, A4 BIS 60 psi, BT
JRIRLEE 500 °C, WS35 HL K 5500 V, ZEEHLE 120 V,
SEAHIE 14V, flifE %= 5B K 13 Vo LST., d4-
LST 19 & Ml &5 5 XF 43 5 2~ (m/z) 423.15207.1,
427.2-211.2, i fE A 18 V; LCA, d4-LCA {5
B 55143 591 K (m/z) 437.1—235.2, 441.2—239.2,
i RE = 23 Vo
1.3.3  HIRAELHSI

LST. LCA #rifi ith e fiff £ S TAE W Bl : K
BFRIL LST brifEdh 10.18 mg(AH4 T LST 10 mg) .
LCA Fr#fEfh 10.22 mg(FH24F LCA 10 mg), /-0l &
THA 50 mL 25 5, T H B 0T 2 25 2 41
B, ARAS AR Bk 200 ug/mL 1) LST., LCA 5
HEMZehiti2 i, IT S fbKBCHIEL LST 24 40.0, 80.0,
400, 2 000, 8 000, 20 000, 36 000, 40 000 ng/mL,
LCA 4 48.0, 96.0, 480, 2 400, 9 600, 24 000, 43 200,
48 000 ng/mL f¥) LST-LCA #yifii i £k 225 TAE .
B -35C UKARIRAF 45 . LST. LCA 6 i X%
TAERIEC ] WS B AR I LST bRl S 10.24 mg (4624
T LST 10 mg) . LCA #5 #E i 10.80 mg( A 4 T
LCA 10 mg), 435l & F P4~ 50 mL 25 &), F
REARITE R B2, AT TR 200 pg/mL
) LST. LCA JT & fiff % W , I FH 21 Ak 7K e i o
LST 4 40.0, 120, 3 200, 32 000 ng/mL, LCA Jy 48.0,
144, 3 840, 38 400 ng/mL fi LST-LCA Jfi 45 T.{E
W B-35C VKA RAEE

bR d4-LST. d4-LCA fif #& Wi I T AF W A9 ic

il : B d4-LST 1 mg(1 /M%) ¥ T 10 mL & &
1, B d4-LCA FrifEdh 10 mg(1 M%) & T 50 mL
b, o3 W BRSOt A B 20, BN 5
T EE R 100 pg/mL By d4-LST fiff £ T . T e e
M 200 pg/mL A d4-LCA fiff £ W ; B -35°C VKA 14
78 Mo B d4-LST i % 0.2 mL, d4-LCA fiff %%
¥ 0.125 mL, filA 9.675 mL i, $45 F f i B2
d4-LST-2 000 ng/mL F1 d4-LCA-2 500 ng/mL f¥) A
i v ] AR, P 0 o HC 0 o ol Jo VA 5 hy
d4-LST-20 ng/mL F1 d4-LCA-25 ng/mL [ b5 TAE
W BB RIS 4°C KA RAF
1.3.4 HEAALEE

SR ifi SRR S 50 pl, fINA 150 uL PR TAE
i (d4-LST-20 ng/mL+d4-LCA-25 ng/mL ), {E%) 30s,
IRES.C> 5 min( 13 000 r/min, 8°C ), B FiEW 100 pL,
TR 1% H /K 50 uL, IRA25), ERE 6 ul.
135 LJgtk

B 6 AR TR ZS MR AFEAS | b i 2k AR AE
MAEEEAR, Bias 3 DL SRS 10 AR T AR AP,
HARIHE 1.3.4 TUNEAESEE LST F1 LCA W& @1k,
1.3.6 Frfifhsk

¥ LST-LCA #2251 TAEMR N A ZS Ll
o, 15 LST Ji & ¥ B 4 2.00, 4.00, 20.0, 100,
400, 1 000, 1 800, 2 000 ng/mL, LCA J&i & ¥k & Ky
2.40, 4.80, 24.0, 120, 480, 1 200, 2 160, 2 400 ng/mL
) LST-LCA IfiLkE, 4% 1.3.4 30 F kb B JERE 707,
DAREIN Py o ik B x R Aa s, R 5 P A g 0
AR LU y A A bR, 174 978 LST, LCA
MIBRHEIZE, A RECH e,
13.7 E& N

DIARE M 22 0 B IR 2Rk B2 A o B TR,
e B AR>S TRt 2 A4S, B LST i ik 22
4 2.00 ng/mL ., LCA Ifil 3¢ ¥ & ) 2.40 ng/mL [+
A, 1% 1.3.4 T ALER, SR IERE 6 YU e HOR I,
THAEHAE S B S UER L
1.3.8  FERLN

DAk s, Bkl LST Bk A 3.00 ng/mL .
LCA i )% K 3.60 ng/mL I e J3 J5L o 4% 1 T
YEWE S5 LST i N 800 ng/mL . LCA i k&
N 960 ng/mL 1) i BE B BT AN TARW . B 6 A
[F] oA YA 1) 25 1 LA Sy I R R o, g — 25 i 3R
6 1 (MK = 45 3 1), FRHRAALIK 6 1 E A x) iE
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LT, B R 1% FP R 7K LA AR R 5 JB8 0 T AR
REAN, HAs 4% 1.3.4 W F AL BE, 345 LST. LCA
A bR d4-LST. d4-LCA W T R, MR 95 F — MR B A
AR 2 Foft 5 S5 v e T AR L (R R RN . 1A,
T AR i 3% (20% AR ML 2S (3% =1:9) | % i1l
W (IR G 4125 12K =2:98 ), $4 DA A A 7 vk
BRI | 5 I L TR
1.3.9 K% SHErf

B B TAROIN 2 A % me il Ao s op L I
FE BB 4 N B B AR AR, BRI T 6 17,
Fit 1.3.4 TR 44, MIAE 3 4k, MR A4t B A 1w v
28, THEAARE R ST R, IR AT A L It
[FAS 2 B FIER B . MR 4G SFDN (AR RE Sl e =
M TS IR ) |, 43 HT )5 2% RS % 5 kil
(B AR AR o O 2 (A28 5 R B0 , MR B2 A2
A ST b v BE B2 LR, el (A
HAAE ) x100%.
1.3.10  FEHnlfies

il A AR 3 AR TR IR AR, Ak
JE 30y, #2 1.3.4 TR AR, LISLHERERS 31 (1) i i £
B LAZS LK 2 26 FULTE T, BN A R 3 sk

JO7 T AR e EAE AT 2 i e i A, 315 3K LST.

LCA M F5 d4-LST. d4-LCA BUHEEURIER
1.3.11 FEEht

LAl Al K A 390, 5 R LA 2V . AR Y
IS AT U 2 o A HE RV B — B RS B T
YEWL, 4 BIERE 3 U LA 280 25 T . T ARV 10 1
FERAENE (IR TARAAE 22 h), B WK IRt Ta e
P (=35°C VKEGEARAT 117 d), TAER K RA Fa e
(=35C VKHRFE 71 d)

il L AIK 2 ANUR B RS IR R AR, 45 21 1,
Fi2 1.3.4 WA, id sk i m A, i HARiErh
LI HIRE, SRE | EAREAS L, 4r B 55
B Rl e M 35 °C U FRRD 5 UG FIRCE
FasE Pk M REA SR (19.5°C) FHUE 8 h; ik
JCE ARE P MR B0 R, LIS E IR
B30 hy SRS HCE R M RRIAE ST A SRR
7 (8°C)HUE 16 h 5k A MFFERRETE: Hil4 58
B AR SRR 3 U KRR E I -35°C.,
—80°C VKIRGRAE 71 d; 2SR S M 2 M AFEATE
AT HCE 6 h,

2 7 R
21 EEM

ZRFMSEAE 1.3.4 T MEREERE, 13- EEE WA 1 (a),
HARMEHE T 300 cps, LST. LCA K AR
M 97 , s o p 2 R AP A8 I REAR 42 1.3.4 T0 T $24F
RS EIE R WL 1(b), LST & NPk d4-LST Ay
PR EE ] 2A 1.16 min, LCA X R d4-LCA IR
BFIE] R 1.26 min. 25 F MK H7E LST. LCA £ 84 i)
(i) Az HH 06 T FRUE8) /N o 2 B AU A I AR AR 1)
20%, XN P A HH DG A7 E 340 /N o i 2 e (TR A I
FERY 1%, P9 2H (3 X B AT 6025 F4 2% R 8 Y IR
PRI FA T LST A1 LCA BYIE
22 trfEfhZk

IF IR BT x R A b, BRI 55 b 1 e
A AE y AP A bR, $EATE M PIH45 LST, LCA
AIFRIERRZE: LST: y=0.022 0x+0.005 53(7=0.999 2),
LCA: y=0.012 4x+0.001 94(=0.999 3), ¥ & R %N
1/c( WK 2) . LST #E 2.00~2 000 ng/mL, LCA 7£
2.40~2 400 ng/mL JEFEFREM LM R AT
23 E=ETR

P v 1 2 B AP Wk B R e 1 T PR, LST By 2%
e FE 4 2.00 ng/mL, LCA Ifil 3% ¥ % & 2.40 ng/mL.
R TRRAYHLELE R, LST HMERT N 105.8%+
0.1%, K5ZREE(RSD )M 3.8%, LCA AUWERREA 105.2%+
0.1%, K54 % (RSD )N 5.4%.
24 EFRWN

W B AEHE, IR HE T LST MK e ik 3 4
TSN 55K 102.8%+3.8% ., 101.8%+0.9%, H: RSD
9 3.7%. 0.8%, LCA WK . 55 i B 5L B 3000 3 51l 4
101.5%+2.7%. 101.7%+0.4%, L RSD 4 2.7%. 0.4%;
VI J ML T LST mAIG | v vk B 8 B 3z 43 1) oy
102.5%+0.4%. 101.8%+0.3%, F RSD 4 0.4% . 0.3%,
LCA MG | e VR B2 25 0 240 4301 o8 102.4%40.1%
100.6%=0.1%, H: RSD #1247 0.1%( )3 1),
2.5 RBEESERE

Wk 1 R, LST B — R BE /KA 4t ok
%% RSD 7 1.6%~3.5% Z []; it [AFE % & RSD 7€
3.2%~5.3%2 [8] 5 b P9 UE B B 7E 94.2%~105.2% 2
8], HHEIA] MERR AR 93.3%~106.6% Z 7], LCA %&—
W B KA A AL N RS %5 2 RSD 7E 1.3%~4.4% Z
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5 [A] /min [ [A] /min
5 500 1.26 18
5000 LCA 16 d4-LCA
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El1 UPLC-MS/MS ENEAMH LST. LCA K&A%R d4-LST. d4-LCA RY#L R &L F
L * 29 | 3
‘312 LST 5 53 [ LcA <
' 91
32 Hi
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e = 16 +
= 20 ¢ = 14 ¢
& 16 1 g1
12t gl
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1 BEEMERE. RREWERLER
s " _— X A HEFUS RSD/%
e BIEHIE/ HEAERRE R it RSD fitiE] RSD PRI R ‘ —
” (ng'mL™) (n=6)/% (n=18)/% (n=6)/% (n=18)/% (n=3)1% LIE S
(n=6) (n=2)
1 600 942 93.3 3.5 32 106.8 0.8 0.3
160.0 105.2 100.4 1.6 4.1 104.3 - -
LST
6.00 101.9 100.0 3.1 3.8 118.5 3.7 0.4
2.00 102.0 106.6 2.8 53 - - -
1920 91.9 93.4 43 3.0 103.0 0.4 0.1
192.0 100.9 99.5 13 25 90.2 - -
LCA
7.20 101.0 98.7 23 3.1 99.5 2.7 0.1
2.40 98.3 98.2 44 48 - - -
[F] 5 HEIE)AS 25 B RSD 76 2.5%~4.8% Z i) #tivfiss 3 N F

FETE 91.9%~101.0% =[], #it [|] E ) BE 75 93.4%~
99.5% 2 [A],
2.6 IEEREIHER

i A & 3 AR B B A R AT ISOR,, 4
JRULER 1, LST. LCA 442 e [l g 288 24118 53501 4
109.9% 5 97.55%.
27 FREM

it & W T AR A T SR e M S i 3R A A
RSD H/NF 15%, fFAHHCEEKR, ansk 2.3 3 s,

AR SCHEST I R TR F 34 4 RR 22 1
3N JE U LR S R IR SV R B 0.1 g ORE
M5E, PIE 2l £ WL 3. d AT, a6 750 5
2 IR S Bk 25 25 LST. LCA my 2t ith 425 1k,
R —g, Y LCA Rkt 8] H 254 LST
Wi T 293 h, LSTTEARZY 15 h J5 5015 . Ak,
LST 5 LCA 7£ W W F1 53 A7 T 19 A o i 25 59 38K,
&SP B R = A8 S 2 R i, 5 SR R
E—5

*2 &R TIERNREMERER (i=3)

‘ BRI
Y BREHE/ (ng-mL )

TAER

S22 EEEY% KEI(-35C, 117 d)EEEM% A2 nDFE%  KIF(-35C, 71 d)FaErE %
LST 2 000 -1.11 -3.43 -0.02 0.37
LCA 2 400 1.67 -2.65 -0.91 2.46
F3 MEHEANREMERLER (n=3)
RSD/%
YR BERVRE/(ngmL) B . o o ) KIfRAr 71d )
REGR  FlRE  ERRE O ERERE BRI ————— 2fgE
-35C  -80%C
1600 2.1 1.7 2.3 24 15 1.0 1.0 48
LST
6.00 1.8 3.7 3.7 3.5 7.5 1.9 1.8 6.0
1920 1.6 13 1.8 12 1.0 2.5 15 43
LCA
7.20 3.9 52 5.0 1.6 12.0 0.4 3.0 3.4
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600 1200
~ 500 | o R, N=34 o LU, N=34
= 500 ~1000 | _
= ’ - o SHHIF, N=68 O o S, N=68
S 400 1| i 800 [
& . :
= 300 f . < 600 )
i s l #® 3 3'
B o200 b0 TEe 2 00 LT %
5 e : 5 o
£ 100 |/4° NG = 200 F "8
| . g >
0 ] P — o o Py 0 L L L Mi— T — L Il
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 35 40
th th
(a) LST &5 Bk 45 2 ¥ 251 ih 22 14 (b) LCA &S5 IR 45 2 BB 2 T h 2R &
3 UPLC-MS/MS EME AN F LST. LCA iRERIEZRTEIZE
4 W ® LG IR PEAR, & RS R A2 0 i, R4

FE V78 SCHR AR TE A S0 HH il 24 v 5 ARG I Oy vk
1, Prasaja B 45 SR I T UITERR 172, (B LA Bt [i]
KN 3.5 min, 3% A 250 pl, & 70 LG F
2~400 ng/mL, SIPHRIRZ VI 1.85~370 ng/mL;
FHSIRAFVIA ST AT 2.5 min, (HHECFTAEI )
T SRR IR YR R A B0 LI FH =53 500 pL;
Dy BAEOSR HITUTE 8 1%, AT 3 min, 12K
50 L, {HHCAS I A 2 g 32 A3 A 50 mg 550
YOI R 2R . AIREGAE A BB i
fill L RAEkHE, DL 2 DT R U H BRK I WO B
HERE, PR R0 HH R K RV B R AT T 5 42, e Lk
B4 0.5%. 0.75%. 1% LI 2% RIHIRK, 455 BoR
P 2 P e 8 %o 0 0 S R AT — e 52, 2 1%
PR KA E R B SR ISP WA B O i 7 e ey o 3 R FH A
FEVRME, FEREA 165 FH 98% B whide it A Jm 7
SEAFIERE, FEASFEAR S M A AT 2.1 min, {H5E
JRON RN A, PRAIE T REAS A S M RS 1
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