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HE: B RREEINEE5ZHIER . CRBRHERANSAMARND N Z(ERANZ)SRNEm, HiRKEEE BHAR
H5E, it BREMSDAR4I4SR, HAH . BRI EMA 1AM 2A ZHIEREAE . CRERERA. . ZHERML
B+ EEY S SR B RTLIB+BAETEE . BT IE+ZHIERA  BEI AT+ R ERA, FH6 R, B
FELEAFIE H 2.5 mg/kg, ZAIERLAAFIE L 40 me/kg, CRBREAFIEN 1.2 melke, LAEELLTIEBTABHN,E
TRAETFEEBRTEN A TFRERBIEI G BERBZNERMBERCKES  MAIREELT EBATRLEAY,F 71X
BTGB AYELTERERAY. TARNEBAXENHE, PBORNESHYIRE, ZWHIER.CRERTRET
FEHNMERERALIRIENESREEE-BRAEENE, RBEEEEMTEAMNANFZSH[A-HhETE
FR(AUC) GAIERFEN(T,, ) JERE(C,,) GEBRERB(,) . EENTHITEARNFABILERARE LY, FESHH
FITERRMAE LR R A Mann-Whitney U35, &R SEKI 2 AAMRLL, ZHIERMAE+EI8TE A BIETE
B AUC,, F1 AUC,  F91E 0 (PB4 714 0.011.0.008) ; 5 BA& % 2 HAELL, SR E RN IE+ BT 4% H B&F % AUC
EBET, T, BEEIREN(P=0.019), 5ZHMIEREAAMEL, BEIEMAE+ZHIERAZHIERAM AUC,, FAUC, 1T
#hn(P{ES 515 0.027.0.025) ,C, LB EBEAN(P=0.015), CLz/F F1 Vz/F B ZFEAR (P{ES 514 0.005.0.004) ; 5k &2 &
AL, BT ST E+C R EREBCERERHN,FELS5 h(P=0.002) ,AUC,, ERRHEE , EX£FERITFEEX(P>
0.05), &it BRI EEZWIERKESFEATEZMRELANZSH, EFRMAYEEEABIEN, BHES AN RFREN
FTHEARRR; MEEIIE5CRBEKAFRAN, FEEBE2YTHENE,
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Pharmacokinetic interactions between empagliflozin and donafenib/lenvatinib in rats

Ll Ying, LIU Zihan, DU Wenyu, AN Jing, DING Congyang, ZHAO Yue, REN Bingnan, YU Zefang, LI Yajing, DONG Zhanjun
Department of Pharmacy, Hebet Key Laboratory of Clinical Pharmacy, Hebet General Hospital, Shijiazhuang 050017, China
Corresponding author: DONG Zhanjun, 13313213656@126.com (ORCID : 0000-0001-5349-4970)

Abstract: Objective To investigate the influence of empagliflozin combined with donafenib or lenvatinib on the pharmacokinetic
parameters of each drug, and to provide a reference for combined medication in clinical practice. Methods A total of 48 healthy
male Sprague-Dawley rats were divided into 8 groups: empagliflozin group 1 and 2, donafenib group, lenvatinib group, donafenib
pretreatment+empagliflozin group, lenvatinib pretreatment + empagliflozin group, empagliflozin pretreatment+donafenib group,
and empagliflozin pretreatment+lenvatinib group, with 6 rats in each group. The doses of empagliflozin, donafenib, and lenvatinib
were 2.5 mg/kg, 40 mg/kg, and 1.2 mg/kg, respectively. The rats in the empagliflozin group, donafenib group, and lenvatinib
group were given a blank solvent by gavage for 7 consecutive days, followed by a single dose of empagliflozin, donafenib, or

lenvatinib on day 7 after the administration of the blank solvent; the rats in the pretreatment groups were given the pretreatment
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drug by gavage for 7 consecutive days, followed by a single dose of drug combination on day 7 after administration of the
pretreatment drug. Blood samples were collected at different time points, and plasma was separated to measure the concentration of
each drug. A validated ultra-performance liquid chromatography-tandem mass spectrometry method was used to measure the plasma
concentrations of donafenib, lenvatinib, and empagliflozin, and a non-compartmental model was used to calculate the main
pharmacokinetic parameters of each drug (area under the plasma concentration-time curve [AUC] , time to peak [dex] , peak

concentration [C, ], and half-life time [¢,,]). The independent-samples ¢ test was used for comparison of normally distributed continuous

data between two groups, and the Mann-Whitney U test was used for comparison of non-normally distributed continuous data between two
groups. Results  Compared with the empagliflozin group, the donafenib pretreatment+empagliflozin group had significant increases in the
AUC,, and AUC,,, of empagliflozin (P=0.011 and 0.008) , while the lenvatinib pretreatment+empagliflozin group had no significant

change in the AUC of empagliflozin, with a slightly shorter T, (P=0.019). Compared with the donafenib group, the empagliflozin

max

pretreatment+donafenib group had significant increases in the AUC,, and AUC,,, of donafenib (P=0.027 and 0.025) , as well as a
(P=0.015) and significant reductions in CLz/F and Vz/F (P=0.005 and 0.004) ; compared with the lenvatinib

significant increase in C,
group, the empagliflozin pretreatment+lenvatinib group had a reduction in the t,, of lenvatinib by approximately 5 hours (P=0.002) , with
a trend of reduction in AUC,,, (P>0.05). Conclusion Empagliflozin combined with donafenib may alter the pharmacokinetic parameters
of both drugs, leading to a significant increase in the exposure levels of both drugs, and efficacy and adverse reactions should be monitored

during co-administration. There are no significant changes in the exposure levels of empagliflozin and lenvatinib during co-administration.
Key words: Empagliflozin; Donafenib; Lenvatinib; Pharmacokinetics; Drug Interactions
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Figure 1 Typical chromatogram of empagliflozin and dapagliflozin
®1 UPLC-MS/MSIEXRRIMMKH BRI RENEEESEHRE

Table 1 Precision and accuracy of empagliflozin in rat plasma was determined by UPLC-MS/MS

BLiboYpiE-- 75 H N (n=6) H e (n=18)

(ng/mL) S e B (ng/mL)  RSD(%) WA (%) S0 T2 W% (ng/mlL) RSD(%) HERE (%)
5 4.86+0.17 3.5 97.3 5.03+0.31 6.1 100.6

15 15.03£0.56 3.7 100.6 15.03+1.00 6.6 100.2
800 819.33+21.13 2.6 102.4 825.06+40.87 5.0 103.1
1500 1 486.67+96.47 6.5 99.1 1 503.00+97.80 6.5 100.2
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Table 2 Matrix effect of empagliflozin in rat plasma was
determined by UPLC-MS/MS

AR — ek B0

LA 1245 F L2455, CLa/F F Va2l F 43 /) 48.6% FiI
46.6% (£ 6, K1 3) ; A% 5114 5 O o JE kA (I, £
CARRE W 1, AR 29 5 h, 245 ) B 5 o 2 IR A1 A 34
(AUC,, FIIAUC, A3l 08i/b 18.7% F121.4%) HF L 58 3
R (PEF>0.05) (%7, F4), S5REH, WA A
FA I, S 51 B S 34 22 ah R Je i 25 ) 2 i L (AR
A IR RN OELL /e S

wig

ABETE B AER DT 250 3 A S i 5 2 a8 AR R 5
PR e IS 25 T7 M 5 A 253 e . BT

SRR L (nghnl) b 2yt RN 88 119 72 4 T U 3% Ak 3URS
15 106.62+:4.66 44 PR i 2 245 R 22k 45 2577 300 AHOCHTSE4IIE , JEA%
800 110.78+2.0 1.8 GNEAE ARSI 2,47 13 b, 55 85 5t A3 0 55 550 5 B L1,
1 500 95.91+2.39 25 IF B M EEAE S 6 K I FiE & , R 2 kB F e R
3 AAFKEFETEEISEXRRMEPHREHE
Table 3 Stability of empagliflozin in rat plasma under different conditions

FHIS T 5V B (ng/mlL) SR B R (ng/mlL) RSD(%) HERA R (%)
AbBRJE AR AR H ShBERERR (15 “C)ILE 6 h

15 15.17+1.07 7.1 101.1

800 830.00+40.65 4.9 103.8

1500 1478.33+£93.06 6.6 98.6
ZEIR(25 C£2 C) Nt 4 h

15 15.83+0.94 5.9 105.6

800 844.17+29.67 3.5 105.5

1500 1 473.33+95.64 6.5 98.2
-80 “CH ¥ 30 d

15 14.88+0.77 5.2 99.2

800 848.67+37.74 4.5 106.1

1500 1521.67+113.74 7.8 101.4
-80 ‘CEFE iR AR 3 KX

15 16.10+0.47 2.9 107.3

800 833.17+38.43 4.6 104.2

1500 1 535.00£105.59 6.9 102.3

*4 BRINEERAMBESSNEREXRENNAGHFESH

Table 4 Pharmacokinetic parameters of empagliflozin in rats after oral administration alone and combined multiple doses

of donafenib
28 RS 1 41 (n=6) Z YR e Wb 3+ RS 51152 (n=6) GeitH PAH
AUC,, (pg-h/L) 363.34+100.12 572.29+132.02 1=-3.089 0.011
AUC,,, (pg-h/L) 381.56+108.86 604.92+125.62 1=-3.291 0.008
C,.. (pg/l) 208.00(134.50 ~ 266.75) 223.50(218.00 ~ 312.25) Z=-1.123 0.261
T, (h) 0.38(0.25~0.56) 0.33(0.25~0.33) 7Z=-0.509 0.611
t,, (h) 3.24+1.10 4.51+3.34 1=—0.880 0.399
Clz/F (L+h™"kg™") 7.12+2.47 4.28+0.84 1=2.669 0.024
Vz/F (L/kg) 31.57+10.71 28.63+21.35 1=0.302 0.769

TE:AUC, 25 R R €, R MEG RIS T, SRS ] 5, T B 08 005 CLa/ W B3 5 e AU T LU Vil P, R A AR5 2R

PRI LEAEL
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£S5 BRISEANKECERBREXREANANZESH

Table 5 Pharmacokinetic parameters of empagliflozin in rats after oral administration alone and combined multiple doses

of donafenib
BH RS 2 4 (n=6) AR e T PR+ RS 5115 2] (n=6) GeiHE P
AUC,, (pgh/L) 440.13+68.38 383.47£89.98 1=1.242 0.242
AUC,., (png-h/L) 458.15+78.27 397.31£99.18 t=1.180 0.265
C... (pg/L) 237.17+45.16 204.50430.59 1=1.146 0.173
T, (h) 0.50(0.50 ~ 0.50) 0.33(0.33 ~ 0.50) 7=-2.345 0.019
i (h) 3.21+£1.65 2.77+0.88 1=0.587 0.570
CLe/F(L+h™ kg™ 5.6041.02 6.67+1.85 1=—1.242 0.243
Vz/F(L/kg) 24.51+£9.56 26.34+11.00 t=—0.309 0.764
300 300
250 — BiEFE 1A 250 —~— BEEERAA
:'g 200 - - ZRIE I IR+ BRI %A E 200 | - CREBEMLE+EIEYSA
E E,
m 150 Ej 150
£ 5
& 100 & 100
50 50 |
0 0 T T T

9 12

BgiEl(h)

Bial(h)
E2 BEMmESERIEINEHNEESHIERSCEKERREBRBIGEXRMENHTFIZ-I # £ (n=6)

Figure 2 Mean plasma concentration-time curves of empagliflozin after oral empagliflozin alone and combined with multiple
doses of donafenib or lenvatinib in rats(n=6)

*6 ZMEREABMBESRRINAEXRENNAGHFESH
Table 6 Pharmacokinetic parameters of donafenib in rats after oral administration alone and combined multiple doses
of empagliflozin

2 Z R e B (n=6) RS S b i Z2 40k Je 41 (n=6) t1E P1H
AUC,, (pg-h/L) 56 710.73+17 771.00 120 252.80+50 815.76 -2.891 0.027
AUC,., (pg-h/L) 59 308.43+19 974.03 125 442.30+51 787.97 -2.918 0.025
Cpo (pg/L) 2558.33+319.28 5 640.00+2 086.32 -3.576 0.015
T,. (h) 6.17+1.72 7.00+0.63 -1.112 0.306
1, (h) 15.3242.38 15.85+2.63 -0.366 0.722
CLz/F (L-h™+kg™) 0.74+0.22 0.36+0.12 3.609 0.005
Vz/F (Likg) 15.7243.22 8.3843.53 3.764 0.004

KT CHRERERMEKSERIGEXRENNATESH

Table 7 Pharmacokinetic parameters of lenvatinib in rats after oral administration alone and combined multiple doses

of empagliflozin
2R TR eI (n=6) R SN b B+ S e 4 (n=6) BiitE P{H
AUC,, (pg-h/L) 11 727.32+1487.50 9 536.09+2396.86 1=1.903 0.092
AUC,., (pg-h/L) 12 250.02+1687.97 9 627.33+2399.64 1=2.190 0.053
C... (ng/L) 1039.50+171.30 955.67+211.38 1=0.755 0.468
7. (h) 2.00(0.88 ~2.00) 1.50(0.50 ~ 2.50) Z=-0.259 0.796
t,, (h) 12.58+2.74 7.14+1.82 1=4.069 0.002
Clz/F (Leh™kg™) 0.10+0.02 0.13+0.03 1=-2.166 0.068
Vz/F (L/kg) 1.68(1.63 ~1.92) 1.20(0.96 ~ 1.79) Z=-1.922 0.055
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Figure 3 Mean plasma concentration-time curves of
donafenib after oral donafenib alone and combined with
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