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Determination of voriconazole and caspofungin in rat plasma by HPLC-MS/MS
and preliminary study on their pharmacokinetics
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Abstract: Objective To determine the concentrations of voriconazole and caspofungin in SD rat plasma by liquid chromatography-
tandem mass spectrometry (HPLC-MS/MS) and its pharmacokinetics in SD rats after single dose combination treatment with
voriconazole and caspofungin. Methods The internal standards of Veconazole and Carpofen were deuterated Vriconazole and
caspofungin, respectively. Plasma samples were extracted with acetonitrile, 0.1% formic acid-acetonitrile and 0.1% formic acid-
water were used as mobile phase to gradiently separate by Phenomenex Synergi Hydro-RP 80A (30 x 2.0 mm, 4 um). with a flow
rate of 0.5 mL/min, normal temperature, 10 pL of injection volume, multilevel reaction Monitoring (MRM) ESI positive ion model.
12 mice were randomly devided into three groups: voriconazolehe (ig, 40 mg/kg) group; caspofungin (iv 5 mg/kg); combination
group of two drugs (40 mg/kg voriconazolehe and 5 mg/kg caspofungin acetate). Finally, the blood was collected by jugular vein
bleeding to measure the the concentrations of voriconazole and caspofungin in SD rat plasma. Results The linear relationship
between voriconazole at 0.5 -500.0 ng/mL and caspofungin at 4 — 4 000 ng/mL was good, and the intra-assay precision (RSD%)
and accuracy (RE%) were less than 10 %, the recovery of voriconazole and caspofungin extraction were higher than 90%. After
single dose of voriconazole and caspofungin, the elimination of voriconazole was faster, and the elimination of caspofungin was
slower; the C,,,and AUC of voriconazole and caspofungin were higher than those of single dose. Conclusion The HPLC-MS/MS

method is specific, sensitive, accurate and reliable. It can be used to determine the concentration and pharmacokinetics of
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voriconazole and caspofungin in the plasma of SD rats. Voriconazole delayed the elimination rate of caspofungin in animals.

Caspofungin increased the blood concentration of voriconazole by promoting the absorption of voriconazole. The bioavailability of

both drugs was improved after combination.

Key words: voriconazole; caspofungin; liquid chromatography-tandem mass spectrometry (HPLC-MS/MS); pharmacokinetics
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L FEMEFNR TE 25 S AR N R 25 3 AR O AR
W EMEPIEEER S 43 mR KR, LA
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R v 25 ¥ O 1 0 30 =98% , it 5 10-GIF-162-1,
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1.3 SKIEEIY

SPF 27 P SD KB 12 H, 4R i & 190~210 g,
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FIYF AT AE 5 SYXK (#8)2016-0122 . 54 52 56 I
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2.1 SWREE

211 B 8% A Y Phenomenex Synergi
Hydro-RP 80A (30 mm X2 mm,4 um) , i A=,
PR B 0.5 mL/min, Wi Eh A A 5 0.1% FEE-7K , B
H0.1% HER-Z G . K FHFRFEBE i : 0.01~1.80 min,
30% B; 1.81~2.30 min, 90% B; 2.31~2.60 min,
30% B, £ E N 10 uL.

2.1.2 G B YR S B 1R (ESD,
IEB AR I 5 =205 158 2 H IR (1S) 5 500 Vs 155 55 < il
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PV F I -7K (LD FREA 28 W, 0 1) B AR 57 e e
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300.0.500.0 ng/mL; R VAZF 15 bR AE 5 51 TAFE R 4.
12.40.120.400.1 200.2 400.4 000 ng/mL. J K &
275 [ LA AR 37 R M R R Y 25 T A 4 O B TR
JI % (QC) K i AR 7. B W IfiL 2R o 52 9K FE 4 i
0.50(LLOQ).1.00(LQC) .30(MQC) .240(SHQC) .
400 (HQC) ng/mL; I~ ¥ 25 4 1ML 3¢ Jo7 & FE 43 il N
4.00(LLOQ)+8.00(LQC)240(MQC) 1 920(SHQC) .3
200(HQC) ng/mL.
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SHAFIGTAR RIAZ A S CREF AR IR, 929 1.1 min.
WA TR B 47 I K PN SR P 5T A AN 4 R E S T
DA AE I3 R b RO 0 A, B R & J@ .
il B 1.2,

2.3.2  FRfERIZE  BOKRZ A M 30 pl, I 30 Ltk
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RIEAT BRI 5, 43 ) R4S AR 32 R AT TE 25 45 1)
2R [ ) 7 FERD bR i 2k . HUIR 3L FEME R 2R
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25 A I A TTARAR S B (6 ng-mL1) 5 3-25 [ L3¢ +AR 37 B (15 ng-mL-D+5ARAR 37 FEME (6 ng-mL~1) ;4-SD K fR 25 IR S B Ji

15 min Ifil AR L FEHE (6 ng-mL~D

1-blank plasma; 2-blank plasma + deuterovoriconazole (6 ng'mL™"); 3-blank plasma + voriconazole (15 ng-mL~") + deuterovoriconazole (6 ng-

mL™"); 4-plasma from SD rats 15 min after administration with voriconazole+deuterovoriconazole (6 ng'mL™")
BE1 KSR (A)FAERTAA IR (B) B MRM i &

Fig.1 MRM chromatogram of voriconazole (A) and deuterovoriconazole (B)
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12 [ M 5 2- % A R+ 59 (150 ng-mL) 5 3-8 (LR R VA S 1 (400 ng-mL- D+ KA SR 15 (150 ng-mL~) ;4-SD K45 R A

S5 145 4.5 hfn K+ R A SE (150 ng-mL™)
1-blank plasma; 2-blank plasma + deuterocaspofungin (150 ng'mL™"); 3-blank plasma + caspofungin (400 ng'mL™") + deuterocaspofungin (150
ng'mL™"); 4-plasma from SD rats 15 min after administration with caspofungin + deuterocaspofungin (150 ng-mL™")
B2 +iE%F%(A)FRRTKFIES%(B)E MRM &i%E
Fig.2 MRM chromatogram of caspofungin (A) and deuterocaspofungin (B)

AR ST R B b 44 b 2 1] 9 D7 #2 0 p=0.155 x+ ®1 RUBEWMEAFSNEEES EHE
0.01 44(#=0.997 8) , 1 0.5~500.0 ng/mL 2 M5 B Table 1 Precision and accuracy of voriconazole and
R, 2 & NBR B IR E N 0.5 ng/mL; 5 R 25 1% caspofungin
frbRAE 2R A1 Ry =0.003 93 x+0.001 25 ("= ) WERIKRIZ/ (ngmL D RSD/% RE/%
0.997 5), 7 4~4 000 ng/mL £k 5 2 L f , & 4k R R 05 308 =710
PR3 B3R FE A 4 ng/mL. 1 236 2.47
2.3.3 KAV RR B IO ST REME LR O 35 4 zig ‘z‘iz igiz
QC FF i (AR 37 R M if 5 Jot 294K £ 28 0.5.1.0.30.0, 100 2:85 77:25
240.0.400.0 ng/mL , 1 I 35 1§ L 2% 57 B9k B Ry 4.8 U ) o i
240.1920.3 200 ng/mL) ,$%“2.2.3" 5§ J5 ik AbHE , 4 g 6.47 163
W ET 64y, 1T HRE 2 (RSDOFIHERHE (RE). 240 s \s

AR BEME AT 254 1 5 AN R BEIR B QC BE i 1) 1920 2.48 —191

LW RSD M REX)/NF 7.1%, S5 - Wk 1, 3200 3.16 —5.36
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234 HREENLE BUR L E 3 AN E R E (R
7 JFE WA L 5 B UR A 1.04.30.04, 400 ng/mL, VA
5534 I S o Bk B oA 8.0..240.3 200 ng/mL) 1] QC
FEh 3222370 70 B, B — R IKEEE 6
o FHELA AR RIMLSE 30 uL, %“2.2.37 30 F J5 ik
AbHE, B4 L E W NN 30wl AH R ) QC ¥ W K
30 uL AR I TR ) J5 , B 150 pL B3, A
50 pL 47K IR S), HERE 3 AT, 45 B P 3 AN R
BIREREIRIM QCH & , BN EREHEE3
Uy 5 LA R B 2 Fofr b B 75925 I A5 140 AR 37 R e 5 R 9
5 v 0 TR A AN P A 0 T R LA T E B o L PR R
B ET i 26

AR ST FEMEAE 1.30.400 ng/mL 3 /i B FE R
PIHEEL AR KT 92%, RSD 43 51 2N 3.06%+6.76%
2.91%; R IA S5 1% 7 8.240.3 200 ng/mL 3 4 i &k
FE R () ISR - 2 42 BB Y %K T 94% , RSD 47
AN 6.47%4.67%-3.08%.
2.3.5 FRE 7RI S AR AE I 2R e i R A SR
Je 5 23 LSRR &, BAZS (I RE AT LLOQ £
it AR 37 RE R B R YA 2 I T AR LA T B A b
R B A5 S 2 LR e A T LLOQ U T AR
1120%, L5k -
23.6 FEME AR FEME L RIEF R K

J B BE (AR 37 B M 1,400 ng/mL ; £ ¥4 25 1% 8.
3 200 ng/mL) I 2 FF i = iR 3% & 3 h AR e 1 AR
VAL PR S BT A A 24 hERE M, B ANIK
FEE S 34, iF H & WL RE AT RSD. RE #1RSD
BN T 8.3%, U EIRE S B AR E S R LK 2,
2.3.7 WRERLNL  ECHAR LRI AR T ZE I IR
B E N5 000,40 000 ng/mL (I RE 5, 2R )5 23 5
KA A M2 4% I8 1:20.1:200 1 BL A 53047 # R , B
i Bt 20,200 £ , % =D il & 6 4y, i 5 RE A RSD,
PPN AL it R X 00 A o AR B2 PRI 52 )

AR ST B M B R Y 251 I 3 R i 28 5 B RE 20 1
200 1% )5 , 2 RSD Al RE ¥J/N T 15%, 45 B W% 3.
2.4 HEIFEHR
241 KRB MEFEMERE MMESD KR 12K,
BEML 7R 3 2, 7393 40 mg/kg R A7 FEMEZH .5 mg/kg =
W51 2H .40 mg/kg AR 37 FEMEER A 5 mg/kg KA ST
R L, oA AR ST R ig B 2, RIASF I N v
e AR BARIEE 120 B 40T
B WA B AR K . RS M (45 24 )5 0.25.
1.66+4.16.8.60.16.16 h) . KA ZF1H H (4L 25 5
0.083. 1.500. 4.000+ 8.000 16.000 h) Fl Fk & 45 24
RS BEMESERT 10 min 2525, T RIASF R4 2 )5
0.083.1.500.4.000.8.000 + 16.000 h )43 5 -2 ¥ ik

F2 RILBEMFIFAFSERNIRER (1=3)

Table 2  Stability of voriconazole and caspofungin in plasma samples (n=3)

ik E/(ng-mL ")

i) i A7 %A —_— - RSD/% RE/%
R ST HiRWE3 h 1 1.08+0.02 1.4 8.3
400 411.33£17.01 4.1 2.8
B =R A 24 h 1 1.05+0.04 3.4 5.0
400 379.33+7.64 2.0 52
KGR HEIRME3 h 8 8.65+0.59 6.8 8.1
3200 3 446.67+274.65 8.0 7.7
A = EE 24 h 8 8.55+0.35 4.1 6.9
3200 3 160.00+60.83 1.9 1.3
F3 KL EMANAZE % 2R 5 SR TR UL (n=6)
Table 3 Dilution effect of voriconazole and caspofungin in plasma samples (n=6)
o PR B (ngml D RSD/% RE%
g S
R 37 HEmE 20 250 245.00+8.81 3.60 —2.00
200 25 27.57+0.98 3.54 10.27
RIAZF G 20 2000 2 040.00+74.57 3.66 2.00
200 200 194.00+13.55 6.98 —3.00
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Fig.3 Time curve of voriconazole (A) and caspofungin (B) after administration (x+s,n=4)
R4 KRRBAFEARIEE., FEFENAHNFESH
Table 4 Pharmacokinetic parameters of voriconazole and caspofungin
. . RS REME ARt
ZH AL - N — = N ——
ROLFEME  AROLFEMEI S R 25 RISEE PRAL IR 5 R I 25
Crax ng'mL™' 20 900 28233 18 675 20 100
T h 4 4 / /
tn h 11.4 7.8 3.6 4.8
MRT,, h 6.6 6.4 4.1 4.1
AUC,, pg-L "h 255 869 329 441 80 030 84992
AUC,.. pg'L "h 408 886 461 838 84 786 96 789

4 it

A O R 2 SCHR R I 2 H AR 37 R e N
RIAZF A E , 7R A D B
3l (HPLO)BE B4 FvikaE" AR s i (LC/
MS) kL 10IAk g A Wk I CAN R AE B T 24 8 2
Ft. , HPLC VEAF AE 45 A 52 2% B INF LA ot G 00 B T
TR B A ) 8, B 4 HL VKR R F T 2480
G I N 5 O =T N I N P
il (HPLC-MS/MS) ¥ , B A 7 B vy Al i 7] 2
A T 5 S5 R

Z FSCRR IR IE ™ (1) 77 15 FE AR S50 3 2 4y
SEAT T R AR B S B B UUE 2 B O VR AL A A
SRR, R O BRI & kA R R 2R

FE it 1R B B[ UAr 28 % v, L e (] B i LI S 5 o v
(R AR LR T R 9 25 0, 3R AR TR 08, AR v 58 .
5E K T HPLC-MS/MS ¥4 [R] i ) s K R i 2% v 1)
ARSI R Y0 55 1 B He A A AR 37 e B
RAFWZFED , B 7k N H 8 T BB 2 5 1E
BN, 5 45 R R B ik B LS AE R B AR
SR P of e JBE U 2 6 R M R 4y B FE 3 T4 o RIS
B A U AR ST R PR AN R Y 55 1 I TR RCR
SRAF TP R TE B T RS AE RN 0.1% H
Mo AE VRN FE IR R T R IA 251 R i A
ELM+H] A M+ 2H " 5 7 g, H[M+H2H]" {5 5
i I 37 7 T [M+H ], DR G 5 R 90 25 9 0 % LM+
2HI B FIEEAEEE T
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AT GRS T R AR AN AT 5 ) = A AR
N7 R AR YE S5 4 AR OK BRI 2R R HPLC-MS/MS 43
B 5 ¥ 5 3R R i 2 (300 pl) s BF 5 f A B L 2
AT — U R, R AR T R R R 4 BT
(A 7% 2.6 min, K K$ & TR &l & 5 R S7 R METE
0.5~500.0 ng/mL. R ¥ZF 5 7E 4~4 000 ng/mL i Fl
WM IC R I RIF G2 537004 0.997 8.0.997 5) , FAIK
K I VR B 4y 9N 0.5 4.0 ng/mL; it N RS %
J% (RSD) FHHERZ (RED ¥ /NF 7.1% , AR 7 FEME LI
2R K T 92%, < ¥ 25 15 3 B ISR R T 95%.
IO UF S5 R A R I B O B AOR
IR 2R Gy SO = R FR A s SP E PANE by NI
AN 25 ) A O TR B . B SRR ST M LRI 2%
T R B E SR BCE 3 h R S AL B S A
BERE 3PS 24 h )5, RE /N T 10%, 45 5 3 I 78
AL PR MR R, &% RRTHE
WA R YT 25 1 s A I R o 70 70l 7 B 20 A1 200 1%
Ji » H RSD 7£ 3.54%~6.98%. RE% fE£ 2.0%~
10.27%, 32 B ML 3 R o W 8 5 v 2 T 58, i B
T b i Y LA IR A o SR HORR B 20~ 100 1%
Je HEAT R FE I () 45 R TSR

SD KRS B G 45 TAR LM Gig 40 mg/kg)
RWIZF Gy 5 mg/kg) Ja » TR0 FEMETH BRAZ P (1, 0
7.8 h, LA N 11.4 h), RIAZFE W R AR (1, 0
4.8 h, B I 43.6 h) s AR S REME  RIAZF R C, 50
W) ik 282 33,20 100 ng/mL, AUC 43 %l A 461
838,96 789 ug/L-h, fR L FEME C, F AUC ¥ 2
T B 25 (20 900 ng/mL , 408 886 pg/L-h) , 535
I T 35%14%; RIAZF ) C, A1 AUC 5 T 5
M 25 (18 675 ng/mL. 84 786 pg/L-h), 73 B hn 1
8%13%. ROZFEWMEIELE | -RIAZF1FAE S A A I
BRI, R 7 H AR B R gy i e
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