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HPLC-MS/MS % [E] Bl 7E A I 3% fh & i 18 35 L B iR
RER SRS RIREIGKN A

EARGTN /L S K S
1. I T35 TS 610041 ;2. WA FLCHFBZ R AT T 1A 610031)

HE B &bk F80 52048 E 3% - BB (HPLC-MS/MS ) 7 & B B il & Ao 3 2343
F LB (TAF ) B L &R = Wigdia F (TFV ) 8k E, TR Z M EAR NI 4, F
i%&: 5K JA Capcell pake ADME &, 3% 42 (75 mm X 2.1 mm, 5 pm ), YA 0.1% ¥ BR K& & — YV BE A R sh A8, B B
PR BL, Ak 04 mL-min”, # 4 F 5 pl; KA % R & B a (MRM ), & 8 R 4 wb (m/z ) 477.3/346.1 (TAF ),
288.2/176.0( TFV ), 484.3/346.1 ( M #% 1: TAF-d,; ) % 294.2/182.0( M #% 2: TFV-d, ) # 474 m, &R TAF 5
TFV Ji % % 2 3 J£ 0.1~400 ng* mL™ & 04~20 ng-mL™' 5E B A &£ & R 4F, T % TR 44 0.100 0
ng ml™" & 0400 0 ng-mL™", B A B ‘A% 30T 9.0%, £ 5 5 3 A 94.19%~99.2% F= 95.5%~112.8%. 1%
P EAMRA G LRSS BN 25 mg e, TAF 22533 44 C,,=(207.97+61.08 )ng* mL", T\,=
(0.54+0.15)h, AUC, .. =(126.07+42.67 )hng-mL™'; TFV £ 2 25 ) 5 A 4. C,,=(876+146 )ng-mL", T=
(29.47+4.16)h, AUC,_ .. =(193.19+45.75 )h ng-mL" . Z5if: %75 k& A T TAF B AR Z 4 TRV 69 5253k
JEAER], SRR B F AR

KR : B iAd F LB e B ibAa B R AR R) A BoR A M HE AR BRERL R BE AT 4k
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Simultaneous quantitation of tenofovir alafenamide and its metabolite
tenofovir in human plasma by HPLC-MS/MS and clinic application

HU Wei', YANG Le-ting’, JIANG Xue—hua', WANG Ling'

(1. West China School of Pharmacy, Sichuan University, Chengdu 610041, China;
2. Chengdu Finelyse Pharmaceutical Technology Co., Ltd., Chengdu 610031, China )

Abstract Objective: To develop a selective and rapid HPLC-MS/MS method for simultaneously
determination of tenofovir alafenamide ( TAF ) and its active metabolite, tenofovir ( TFV ) , in human

plasma, in order to study the pharmacokinetics in healthy volunteers. Methods: The fractionation of
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the plasma sample and determination of TAF/TFV was achieved using HPLC-MS/MS equipped with Capcell

pake ADME column ( 75 mm x 2.1 mm, 5 um ) , using 0.1% formic acid water solution and methanol as mobile
phase, respectively, by a gradient elution at 0.4 mL * min' flow rate. The mass was captured by multiple reactions
monitoring( MRM ) , with m/z of 477.3/346.1 ( TAF ), 288.2/176.0( TFV ) , 484.3/346.1 ( internal standard 1 :
TAF-d, ) and 294.2/182.0 (internal standard 2: TFV—d, ) as the characteristic ion masses. Results: Under the
concentration range 0.1-400 ng * mL™" for TAF and 0.4-20 ng* mL™" for TFV, good linearity was achieved with
0.100 0 ng * mL™" and 0.400 0 ng - mL™" as lower limit of quantification, respectively. Both inter—and intra—
day precisions were bellow 9.0% and the accuracy was between 94.1%-99.2% for TAF and 95.5%-112.8% for
TFV. The main pharmacokinetic parameters of TAF and TFV measured in healthy Chinese volunteers after oral
administration TAF 25 mg were as follows: C,,=(207.97 £61.08 )ng mL™", (8.76+1.46 )ng mL™"; T,,=
(0.54+0.15)h, (29.47+4.16 )h; AUC,_ .. =(126.07+£42.67 )h*ng-mL™", (193.19£45.75)h*ng-mL"".
Conclusion: The HPLC—MS/MS method is validated for application in quantification of TAF and its metabolite
TFV, and proved adaptable for following pharmacokinetic studies.

Keywords: tenofovir alafenamide ; tenofovir; nucleotide reverse transcriptase inhibitors; antiviral agents;

active metabolite ; phosphoramide prodrug; drug plasma concentration ; pharmacokinetic ; HPLC-MS/MS
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TRIPLE QUAD 5500™ LC-MS/MS & 4 ()i
W & BN A ) s SHIMADZU LC-20AD G %E (1
H /A H] ) ; SHIMADZU DGU-14A S 2 G0 (5 Bt
NEIDN
1.2 FEE ARG

ZARAY) W SR VAR S B (R A
FEZG LA BRA F, BUA% 25 mg - H L4 S 171102) 5
Z: 259 : Vemlidy ( 36 [H 5 R} 22\ &), B 25
mg + H ', 45 011928, TAF % B 5 (415 TNL-001-
062-1, & it 88.6% ), TFV Xf M fi (it 5 201507003,
i 96.8% ), Bt A L HLER L —d, ( TAF-d, ) X it
i C AR, 415 TNL-032-094-3, £ 5 98.0% ), B ifs
#8745 % B —dg (TFV=d, ) XF B ( AR, iS5 TNL-
032-091-3, 7 12 98.7% ), ¥4 o U AR 4 25 1 A BR 2
Al HEE, H S (Sigma 23 A ). i (Sigma 28 A ) 1
FEGED; F R (Dikma 24 F) ) = LR (KRB
AV FD) B R el ; KRB FK. a5 [
( Bioreclamation IVT 23 &) ) i s #B MUIHNT B2 25 BR A
AR
2 BiEERIEEY
2.1 (@S

4, 3% 1 : Capeell pake ADME (75 mm x 2.1 mm,
5um); A 0.1% H B K W (A ) - HEE(B),
T BE Ve B (O min, 10%B; 0~0.10 min, 80%B; 0.11~1.50
min, 80% B; 1.51~3.50 min, 10%B ); i : 0.4 mL* min';
FEIR : 40 °C 5 iEFEE: 5 pL.

2.2 ik

B TR RS S TR MDA K FH T
AW 4 = 2 50 I (MRM ) 5 W30 g5+
(mlz) : TAF 477.3/346.1, TAF-d, 484.3/346.1, TFV
288.2/176.0, TFV—d, 294.2/182.0; & T W 5 i J.
5500 V; iiE : 500 C.
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K % Fr - TAF % IR 5 24 mg, TAF-d, XF BE 5 16
mg, 739 & T A A Y 100 mL B9, ] 80% HI fEEvs
IR R B2, BIAS TAF TR 4 0240 0 mg » ml”
I TAF~d, ( A5 ) JoE 5 46 B 4 0.160 0 mg - mL™ [

AL i

%45 W RS PR TRV X 18§ 24 mg, TFV-d, X} 8
fi 20 mg, 433 B TFARIENY 100 mL S5, FH 10% H
Pty ff A B B ZI B, BIAS TRV BV 4 0.240 0
1rng°mL_l %HTFV—CQ( M bR ) Eimgﬂﬂ().zm()mg‘
ml G BRI T 4 CHRAF% M. H50%
FH P2 7 B TAF it 25 W B 5T 12 4R B2 2k 20.00, 60.00
400.0.2 000.8 000,12 800,16 000 ng - mL™" ¥
Z 5 TAF %t B8 T /E W 1 120.0.6 000, 12 000
ng - mL ™' [ TAF Fids TAEW; H 50% FEBRG R TRV
fith #% TR T B ¥R M 16.00,32.00 ., 64.00 ., 160.0 .
400.0.640.0.800.0 ng - mL™' By Z %1 TFV XJ I & T
YEW FI 48.00.300.0.600.0 ng* mL™" [ TFV JF#5 T,
Ve, I IR TAF 5 TRV 89 290 TAE i — — %t
ML DL 101 B LU R A 5T, 45 RN A X RS T
VEW . P HR A TR A 7 PR o ik 86 VAR S0 Jo i e 2
8 000 ng - mL™" ) TAF-d;, TAE & 400.0 ng - mL™" #Y
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4 IMm¥FHRLLE

K5 %6 % S ISR 95 pL, AR A %) JE i T
VEW S AR TAEIAS 5 L, I8 HE 30 s, Ki A 2
(7 1% =421 ) 300 pL, IH7E 3 min, 4 000 1 * min”'
B0 10 min, B F W W 200 uL T 96 FLAR 1, I E 1
min J5 ¥ 96 FLARE T F shilfFEds h, E4E 5 uL, 64 7
HPLC-MS/MS 43#7 o
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JE PR, HoAth PR A LA
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¥=0.005 26X+0.000 312 r=0.998 9
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A. Z5 M3 (blank plasma)  B. 25 (3K +TAF A1 TFV XJ 18 /i ( blank plasma spiked with TAF and TFV reference substances without 1S ) C. %5 [ 1flL
I +TAF~d; Fll TFV—d, PI%5 ( blank plasma spiked with TAF-d; and TFV-dg 1S)  D. 3Zi{& 245 1 h M2EEER  PIFR (volunteer plasma sample spiked

with IS)
B2 TAF.TFV fiptReEiLE
Fig.2 Chromatograms of TAF, TFV and IS

gt B W TAF 5 TRV /) If 25 Wk B 43 9 78
0.1~400 ng * mL™" K 0.4~20 ng + mL™" I Fl Nt 47,
ER R R0 0100 0ng - mL™" & 0400 0ng * mL™
5.3 ERG R SRR R

K BB ZS MY 95 uL, In A 45 TAEWK 5
L, 43 I G TAF K Hb L BT 9 B2 (13.000, 150.0
#1300.0 ng - mL™") A BRFEFE S 6 4y, LA S TRV AR
rh i T e (1,200, 7.500 F1 15.00 ng+ mL™") ()
JF P FE AL A4S 6 40y, 45 <47 Ty P ERAE, R 4T HPLC-
MS/MS J3 . BELEME 3 d, A HE & H N L H )
KR . SRR 1,

Tab.1 Analyzing of the accuracy and precision

s B
ey ; ViRTH)ES ( precision ), RSD{%
(compound ) C/(ng-mL™") (accuracy)/ HWHN H [a]
% (n=6) (intra—day ) (inter—day)
(n=6) (n=18)

TAF 3.000 94.1 5.6 5.0
150.0 99.2 7.4 4.2

300.0 95.2 8.2 5.6

TFV 1.200 112.8 6.1 6.6
7.500 100.3 3.9 8.1

15.00 95.5 4.2 3.6
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5.4 FERAIBCR AL BRSO i 55

540 FREUENCE $7 95.37 W5 k4 Sl H TAR
FUTEV G o e B s i i, B Wk B P-4 T L
il 6 4y, #ic “4” Wiy kA, 4T HPLC-MS/MS 43
BT, i 5% TAF TRV TR (A) 5 59 BUas (I RE
fi A% 47 TR CASI RS AN bR ) 24, 7R850
JE AR B 025 1T 3 s 2 A o AR Y
¥ TAER bR TAERL, IR iR 21 )5 1T HPLC-MS/
MS 438, 30 5% TAF FI TRV W5 L (A, ), A/A, % 100%
RIS HR ISR . S50 2,

F2 REEWERREER (n=6)

Tab. 2 Analyzing of the extraction recovery

& . .
( compound ) C/(ng-mL™") [ (recovery ) /% RSD/%
TAF 3.000 83.00 + 3.88 1.5
150.0 82.65 +4.15 0.86
300.0 85.15 +5.02 1.0
TFV 1.200 101.91+5.79 37
7.500 91.58 + 1.98 L5
15.00 99.33 +2.80 12
TAF-d, 8 000 81.97 +5.44 35
TFV—ds 400.0 88.98 + 10.45 1.6

542 ROV B LK, & 47 TT ik
AR e MR ) 845 568 6 AR R IR ==

P I 3% A AR B 28 1 VW, 72 A5 T VR 43 il
K BB TAR R R MR TAER, s ie iR & , 15 2
TAF FTFV B4 = W BE 5 25 AR 4% 6 1y, AT
HPLC-MS/MS 4347, i 5% TAF A1 TFV WAL (Ay )
55 1 4% FH N He BE Y TAF 5 TRV B35 T /E W B4
it 17 HPLC-MS/MS 43§, Ff-ic 5% TAF F1 TFV I [f]
FU(AS), Ax/As x 100% B R 36 B340 . TAF K. Bk
JE 1) £ ok 5 5 80 48 43 53 A 101.4% F1100.6% ,
A UH — k35 J3 &40 PR 43 51 R 0.92 1 0.92, AH
X KL BT RN 4 B R 6.02% F1 5.23%. TEV K. &5
R R 1 248 %8 T 30 BB 43 Ol SR 92.3% i1 80.2%,
N A IH — b 35 5T &40 PR 43 51 o 1012 F0 117, A
Xof 35 JBE AU 43 R 3.84% F1 3.76% R AR S
J5 ¥, TAF TRV F PN BR A9 0 22 ¥ AN 52 35 5084 1
T,
55 FREtkils

¢ “5.37 Wiy k5 AE, BO ] TAF A1 TFV A9 4%
1o TR R T R S BV BE ST ATRC T 6 43 (n=6), 43
g AR T IR IR R 8 hy KRR
PE, B RESL T =70 CTRCE 30 d; dRphga @ M, B ke b
FE =70 CRIZE MR N R AR 4 K, R E TR 12
hy Ab RS RS E PR R AL BRS BE AL E T UERESR (4 °C)
48 ho R ME R RE i 4 R 2 AR 43 S — B st
()5, “4” W7 R4, B 2 (65 0 h %
P E IR ZE . ARG (£ 3) £, TAF Al
TFV 7EVL_E & R ORRR R UE o

®3 REWHRBER(n=6)
Tab.3 Results of stability test

[] O h BT A R BE B 22 (bias ) /%

ey

(‘compound )

EIRCE 8 h

( room—temperature for 8 h

C/(ng-mL™")

before sample processing )

HERERS 4 CHlCE 48 h
(autosampler at 4 °C for 48 h )

S VR 4

(4—freeze thaw cycle )

~70 CJHE 30 d
(=70 °C for30d)

TAF 3.000 4.21
300.0 5.61
TFV 1.200 7.37
15.00 9.51

3.61
6.58
6.71
6.29

11.20 9.08
8.09 7.72
6.56 7.88
9.50 5.52

6 ZHIFEMR
6.1 ZiAXG

AR AZ I 12 0], b Bk 11 ], ok 1
B, AR 31.8 %, PRI i 58.6 kg, (R 54K
(21.3= 1.3 ) kg m™. SLEATAK O IF . E S IE
W, ST 2 JE B ) R A AT A 259, I

AL i

LR 50 0 ) 8 — TR, A TS B i P ) R
R BT RS, 2% 5 501
=4
6.2 %

ZARE 1 E W AT 1 RIFIR MR S A,
WHRIRZGRTAG 1 h 25K, IR25 4 h JG &% —11
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PRUEE IR I Y H RS T IR 323K 25 )
ZHY (25 mg- 7)1 A, 240 mL T /K 2% 7 .
A0S Z5RI L h V), 4525 )5 5.10.20. 30,
45 min &% 1,1.25.1.5.2.2.5.3.4.6.8.12,24 .48,
72 h, B E B K S 25 2 4 mL EHUSAMC R K-
EDTA HiEf| 5 R IME T, T 2~8 CELHLTEL
(3500 r*min™", 10 min ), 73 &S ML3% . I3 AE S B st
tAET (=30 +5) CUKAH , R R E I HEARL R 2

1504 22 (reference drug)
X
T i ZRYH (test drug) A
1004 | |
3 | A
%) {
g
~ P
© 504 &
.y
04 T———r * )
0 2 4 6 8
t/h

(=75 +15) CUKFERAFFI
6.3 4324

12 5 A RS2 IS L2 25 me J5
11 357 110 24 9 B — sk ] i 2 DL 1R 3, AR i i 24
Yk FE T 258 % 280, 4 Phoenix WinNonlin 7.0
GETT AR AT 1 245 3k B 28 B B i R A T A B A5 PR
sz X259 5 2 2 e i AW 25 3 240 I
* 4.

10+ 22 (reference drug)
e R4 (test drug) B

C/ (nge*mL?)

T T T
0 20 40 60 80
t/h

B3 12 2FiXEEFENMR TAF 25 mg /5 TAF (A ) 5 TFV (B ) 925 - BT % E
Fig. 3 The mean concentration—time curves of TAF( A )and TFV ( B )in the plasma of 12 subjects after single oral administration of 25 mg TAF

tablets
x4 ZiXEDOMR TAF 25 mg GREEHFHESH(x+5,n=12)
Tab.4 Main pharmacokinetic features of oral administration of 25 mg TAF
ZH ( parameter ) il m
ZARZ5H) (test drug) Z 25 (veference drug ) ZIRZ5H (test drug ) Z 25 (veference drug )
Fo. 1% 131.11 £ 68.00 97.67 £ 12.71 /
Fo . /% 130.98 + 67.81 96.32 +15.73 /
Cpol (ng-mL™) 207.97 £ 61.08 190.49 + 96.59 8.76 + 1.46 8.59 £2.04
T\u/h 0.50 £ 0.30 0.52+0.24 1.25 +0.27 1.21 £0.19
AUC,/(h+ng-mL™") 125.85 +42.65 112.23 +54.15 159.43 + 36.68 165.76 +46.78
AUC,_../(h*ng+mL™") 126.07 £ 42.67 112.43 £54.08 193.19 £45.75 208.26 + 75.09
T\p/h 0.54 +0.15 0.55+0.21 2947 +4.16 31.86 +9.21
7 Wit AEFHL IR, 4 RS AT I 18], 2R BAEAR BE AR O

A3 K % FH HPLC-MS/MS [5] B A6 I A 1t 2 v
TAF K HIE AR =4 TRV, BA e i e 4, &
e P -, VRS v AR A, I I T U T
TR NAR N 2] B2 AFT o B8 X UTTE R HEA T , A%
RIGERE S 19 =H MR NG E FUIEEE , BT
HLZNEUUTE , RRR A HudE =5 TRV e 17, -1 il e
G TRV FE R F AR R, 17 50T T AL R i

] TDF A Eb, & SRR v 4 15 S RL i b TRV
g W B L SE K, H TAF B 7 & 2 4 TDF fY
1/10, %+ B IEAG 4% TDF /N, B, B Y SCRik 4 G
TAF 25 mg FLF & 1925 3l 2 i, AR5 4 i T
TAF F 76 9 [ Z 3 K P 25 mg #5011 RIS TAF
K HIGPEACI Y TV 25 32205 F , TAF IR} ]
0.5 h 7247, iR VR [P, 2P 52 1, TRV 3k IR [i) 358

AR R

S
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