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Abstract: Objective To establish LC-MS/MS methods for the analysis of tenofovir (TFV), bentysrepinine (Y101) and its metabolite
M8. The drug-drug interactions between Y101 and tenofovir disoproxil fumarate (TDF) and its mechanism were studied by using the
model of in vivo pharmacokinetics, renal excretion and in vitro uptake in kidney slices. Methods (O Pharmacokinetic experiments:
SD male rats were randomly divided into three groups: rats were orally givenY101 (60 mg-kg™), TDF (30 mg-kg™) or TDF (30
mg-kg") + Y101 (60 mg-kg™), respectively. Plasma concentrations of Y101, M8 and TFV were determined by LC-MS/MS

methods, and pharmacokinetic parameters were calculated by Phenix WinNonlin with non-compartmental analysis. (2 Renal
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excretion experiments: SD male rats were randomly divided into three groups: Rats via tail vein were injected with Y101(25 mgkg™),
TDF (30 mg-kg™") or TDF (30 mg-kg™) + Y101 (25 mg-kg™"), respectively. The concentrations of Y101, M8 and TFV in urine
samples were determined by LC-MS/MS methods, and the cumulative excretion rates of drugs and their metabolites were calculated.
® Kidney slices experiments: Rat kidney slices were incubated in buffer containing M8 (5.0 pmol-L™"), TFV (10 umol-L™), TFV (10
pmolL™) + Y101 (2.0 umol'L™") or TFV (10 umol'L™") + M8 (5.0 umol'L™") for a certain period of time, respectively. The samples
were collected and properly treated, and then the renal uptakes of TFV, Y101 and M8 were determined by LC-MS/MS methods.
Results (D Pharmacokinetic experiments: A full validation of TFV and a partial validation of Y101 and M8 were carried out. These
results showed that the LC-MS/MS methods were highly specific and sensitive. The concentrations of TFV, Y101 and M8 in rat
plasma were determined by validated LC-MS/MS methods. It was found that compared with the Y101 or TDF treatment group, the
area under the curve (AUC,, and AUC, ) of TFV, Y101 and M8 in rat plasma increased significantly and the plasma clearance rate
(CL,) decreased significantly in the group of TDF + Y101. @ Renal excretion studies: The results showed that the cumulative
urinary excretion of TFV and M8 in the TDF+Y101 group was significantly lower than the Y101 or TDF alone group. @ Kidney
slices experiments: Compared with the TFV or M8 alone group, the uptakes of TFV or M8 decreased significantly in the TFV + M8
group. Conclusion TFV and M8 may have an impact on the blood concentrations and renal excretion of TFV and M8 through
competitive inhibition of OAT3, suggesting that the dose needs to be adjusted in clinical combination.

Key words: bentysrepinine (Y101); tenofovir disoproxil fumarate (TDF); tenofovir (TFV); drug-drug interactions; renal excretion;
OAT3
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Fig. 1 Chemical structures of Y101 and its metabolites M8
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N5 mg-mL 9 B IR BILAC o (2) HE R AR B — &
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&Y BrXtm/z)  DP/V  EP/V  CE/NV CXP/V
Y101  490.20->339.10 100 10 18 10
M8  357.20->105.00 100 10 37 10
BS  309.20>120.10 90 10 30 10
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ICO  392.15>304.15 100 10 38 10
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B E 521015230 min J& , W U1 F, FUKA 1)
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43 93 & ik iv TDF (30 mg-kg™) . Y101(25 mg-kg™)
A1 TDF (30 mg-kg™) +Y101 (25 mgkg™ . HH K
BUBE & B AR S, 0ol T4 255 0~2.2~4,
4~6.6~12.12~24.24~30.30~48.48~72 h it &
PR IIRE S, BT -20 CCORFEA %4 23 M Al
FE it o B 2% PR FEARRE — 8 bL g, B 4% R 2.2 T
it Ab B 7 R A S5 2 A

A TFV
A ™
0 1 2 3 4 5
#/min
B
0 1 2 3 4 5
t/min
C

0 1 2 3 4 5
t/min

2.8 HIBEAIE

Analyst 1.7.3 FAF X5 75 90 Y101 M8, TFV Al
WARIEEAT AR 23, A3 I T AL . DARR I A o3 iR R
REALFR , A5 U 5 N BRI 06 1T AR A 9 AR AR
DU S5 /s 32 CBUCER R 1) #EAT R HIE 5, 3R
1310 B 2 7 FE BRI A R RS I 26 . {8 A WinNonlin
8.3 A b P I 24 4k B 4R L A AE s AR G i
B E A S (C, 1, ~AUC, ~AUC, 1),
CL) . KM A3 HEAT 20 ¥, P<<0.05 NAESLTH 5 1
HAERENER.
3 #R
3.1 TFVJ5EZFRIE
3.0 EFEMSREREMNE BRTEAMLEAINA K
FH TR A AR B F B AR AL, AR ot 23 nll 4 R 2.2 7 T
FE S AR BR DT VE AR B, AT 6 FEAS , 3R19 23 1 LR FE b
35 ¥ (& 2-A) \LLOQ #F it 5. 3% & (&1 2-B) J2 SD
K TDF (30 mg-kg™)ig 25 24 5 3 h Ifil 2% FF &b € 3%
K 2-C).
312 &M K43 TFV [ 8 V3 77 2 8 y=
0.003 06 x+0.001 05, »=0.997 7, £ W TFV 7£

ICO
M o Vs v nas
0 1 2 3 4 5
t/min
0 1 2 3 4 5
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0 1 2 3 4 5
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AZSARBIMN : B-K BRI H IS ng mL ' TFV.5 ng'mL ™' ICO: C-k Rl ig %425 30 mg-kg™ TDF J&5 3 h L3R o
A-blank rat plasma; B-rat plasma with 5 ng~mL_1TFV and 5 ng‘mL_1 ICO; C-rat plasma sample 30 mg-kg_l TDF at 3 h after oral administration.
El2 LC-MS/MSEMEXRIMEH TFV HELE MRM & & E
Fig.2 Typical MRM chromatogram of LC-MS/MS for determination of TFV in rat plasma
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5~2 000 ng'mL™" N 4 Mok & R 4F, KR I 3
TFV [JLLOQ AJ LAiX 3 5 ng-mL™".

3.1.3  AHEFRFEFURE ST o E & N R &R
FE il 1) 2387 5 F 2 2 ) AL, 40 P ik ) P 7 RORS
% 10 R AR il A AT R

3.4 T RSN B B e A B o R B L

&2 LC-MS/MSZEMEXRMEH TV WAERBETUEERE
Table 2 Accuracy and precision of LC-MS/MS method

for determination of TFV in rat plasma

JREWE/(ng-mL ™) & %% i RSD/% HERf

il MEE HPA Him 5%
5.0 5.030+0.40 9.31 459 101.0
12.5 12.00+0.79 576 11.24 95.6
150.0 154301129 555 1497  103.0
1500.0  1550.00+84.37 274 1398  103.0

[ % L3 3, B2 3 T4, TRV 78 LQC HQC ¥ J&
IKF K P9 AR ICO 7E 24 1 4 2 75325 76 B I 1) 8
RURE , A HE] W 2635 A2 58 B R
315 FEt HERATH,4FMEMET TRV M
5E 45 FEIITE A WIRE T 4 B SR BBl e, SR B A
FE St g A7 A0 o3 BT F2 p B R A A e 1 .
3.1.6 MBERIEEME AR, TRV #1051k
Tifl i TR 25 55 43 391 103.5% A1 2.72% , IR It 1% BF
BB 5.
3.2 Y101 373 EFWIE

g5 A3 2] Y101 M8 (1[50 13 77 F2 43 5l R y=
0.000 771 x+0.062 5(+=0.994 7) .y=0.001 12 x+
0.002 83(+=0.991 9), KB Y101 . M8 7£ & 1 1 Hh £&
R N R DG R R . A PN HE AR RS B R R AR
ST BN PREBIIE A IRE T A BT R D, AR S

£3 LC-MS/MSlE X R I3 TFV /4R 1CO K2 B =] 2= 0 B B3 5L
Table 3 LC-MS/MS determination of extraction recovery and matrix effects of TFV and internal standard (ICO) in rat

plasma
& PR K/ (ng-mL™") FE S5 38N /% RSD/% S E /Y% RSD/%
TFV 12.5 95.30+11.68 12.26 103.10+13.87 13.44
1.500.0 90.60+2.57 2.84 96.90+1.78 1.83
ICO 5.0 101.10+4.07 4.03 92.70+5.74 6.19
#4 LC-MS/MSlEAXRIME+H TFV HEEESE
Table 4 LC-MS/MS to determine the stability of TFV in rat plasma
: JiE R/ (ng-mL ") |
ety e Wit A%
HiRE4h 12.5 12.13+1.04 97.2
1 500.0 1 314.00+21.60 87.5
SRR 3 IR 12.5 11.98+1.15 95.7
1 500.0 1 488.00+59.80 99.1
EEHERERE (4 °C)JE 48 h 12.5 11.43+1.56 91.5
1500.0 1 320.00+20.98 87.9
—20°C ¥f725d 12.5 13.83+0.40 111.0
1.500.0 1 653.00+42.70 110.0

33 Y101. M85 TFV EKXKRAEAMARNEMR
BT B3R ST LC-MS/MS 4 #T 7 v IR A
Y101 fI TDF Hx & 8k B0l ig 45 25 )5 TEV. Y 101 AT M8
(125 5 52 A0 4k, 2 I il 28 LI 3, A5G 253 2% S 40U
#6. HERTIRY101 FITDE &5, 5 ks 2540
tL#:, TFV.MS. Y101 ) AUC &3 4 F+ &, H CL, &
EVERRAR . RARAGHRAE T AT, #E

W25 4 AH B AR AT BE 5 25 40 16 9 B R0 HE it g A

HX.

3.4 Y101.M85 TFV fE{ASMNE 1] F B9 BV 3=
N T B IR 25 A BAE RS BN

BE, 34T T BV ESE G . 7R U A B ESRE

o, TEV+Y101 Al TFV+MS 41 5 TFV g 5 41

FHEC TRV Y 200 R B, H TFV+MS 41
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Table 5 Accuracy and precision of LC-MS/MS method for the determination of Y101 and M8 in rat plasma
K/ (ng'mL ") N R
e SEE . WEE | PR 35 RSD/% HET /%
Y101 5.0 4.54+0.50 10.93 90.68
12.5 13.20+0.80 6.08 105.50
250.0 255.80+5.42 2.12 102.20
1875.0 1767.00+37.24 2.11 93.95
M8 5.0 4.86+0.28 5.70 97.22
12.5 11.28+0.77 6.85 90.33
250.0 236.50+3.62 1.53 94.75
3 750.0 3 425.00+49.70 1.45 91.38
800 300 4+ Y101 2 0007 Y101
N :IBLW:H 5O = TDEHYION 5 T Pt
E 600 Ti 600 E} 15004 77.] *
2 < 2
# 400 g 400 % 1000 7"
e ¥ g .
= 200 £ 200 S 500
= = =
= G 0 = 3
0 ' o e o 0 10 20 30 0 20 30

t/h

5 TDFaE{ Y101 HL#t:"P<<0.05
"P<0.05 vs TDF or Y101

ih

B3 TDF(30 mgkg")f1Y101(60 mgke™)igfAZ5/EA RN TFV. Y101 R EA 549 M8 i 1132 254K BE-Bia] f 2% (s, n=4)

Fig.3 Plasma concentration-time profiles of TFV, Y101 and its metabolite M8 in rats after oral administration of TDF (30
mg-kg™) and Y101 (60 mg-kg™") (x+s,n=4)

36 TDF(30 mg-kg™)F1Y101(60 mg-kg™)igAZ5/FE A R M TFV. Y101 FI B4 M HIZEZhE B HL (s, n=4)
Table 6 Pharmacokinetic parameters of TFV, Y101 and metabolite M8 in rats after oral administration of TDF (30 mg-kg™)

and Y101 (60 mg-kg™) (x+s,n=4)

WEW ZH AT TDF TDF+Y101
TFV Coun pg L™ 569.00+£91.77 478.67£158.50
Fra h 0.40+0.14 0.50+0.00
AUC, hopg L™ 1 911.00+£201.00 2 328.00+264.20°
AUC, .., h-pg L™ 1 985.00+187.00 2 431.00+316.90°
CL, L-h-kg ' 15.21+1.36 12.46%1.63"
tin h 7.60+1.60 7.19+1.16
WED S A Y101 TDF+Y 101
Y101 Coone pg-L! 445.00+138.80 466.80+85.89
Lax h 0.67+0.72 1.83+1.69
AUC, -, h-pg L™ 1 029.00+171.00 1423.00+227.80™
AUG,_., hopg L 1 134.00+134.90 1 634.00+302.10™
CL, L-h-kg ' 53.53+6.18 35.98+8.03"
tin h 2.27+1.59 1.91£0.91
WE ZH AT Y101 TDF+Y101
M8 Coone pg-L! 1 334.00+195.80 1 486.00+118.00
Lo h 1.80+1.30 3.00+1.41
AUC, -, h-pg L™ 7 343.00+428.10 9 199.00+881.50™"
AUC, -, hopgL 7 396.00+441.60 9300.00+871.20™
CL, L-h-kg ™' 8.14+0.48 6.50+0.65"
tin h 7.04+4.94 2.31+1.09°

5TDFEL Y101 Lh#::"P<<0.05 “P<0.01.

*P<0.05 "P<0.01 vs TDF or Y101.



£ 2604 - FE47HE F11H 20245F 118 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research

Vol. 47 No. 11 November 2024

MrEEAARAFREEEER (B 4-A), 7R
Y101 AR # 7= % M8 2 #l ikl TRV 1 5 WE % Y .
WO KRB YA R M8 Y B BT AT R BN
TFV + M8 2 h M8 % B & i 25 Ik T M8 5 g
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B AT 5 H

3.5 Y101.M85 TFV A KR AR 'S HEM AR
T HEBR B I O SR SR v 25 24 W 5%
HEMEBEH MR RAERE, 45 R KW iv
TDF 30 mgkg D+Y10125 mgkg D5 TDF.Y101
M2, TEV.Y 101 FTMS PR SRR > $ty 5
T Ftass, H TEV M8 IS Z 2= 5. WK 5.

A B
@ 160 o TFV 40 o M8
g + TEV+M8 E + MS8+TFV
TFV+Y101 =)
m% 120 - 5 30 -
I
=]
i % 20
= E .
dc dc 10 H R *
= @ = *
% o 0 7 T T T T T
= ) s o 15 20 25 30
t/min
ETFV M8t : "P<<0.05 “"P<0.01,
"P<0.05 "P<0.01 vs TFV or M8.
Ed4 KBRESBEYA X TFV(A)# M8(B) #EE (x+s,n=3)
Fig. 4 Uptake of TFV(A) and M8(B) in rat kidney slice (x+s,n=3)
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Fig. 5 Cumulative urinary excretion profiles for TFV (A), Y101 (B), and M8 (C) in rats after intravenous administration

of TDF (30 mg-kg™) and Y101 (25 mg-kg™) (x+s,n=4)
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