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W E BN T Mg R R E 6 Rt AT IR AR R . iR R A A & AR A8 & 3% (UPLC ) kit A7 5 R M 52, &
A2 ACQUITY UPLC BEH Cis, iR 3048 4 THE-0.1% W B2 K i (A5 30 ) , 7% 7 0.2 mL/min, A£7% % 40 °C, #4245 pl.
WA 26 1) IR T9T 1 4 8 . 3 A 04 8 SR Al e 50K % AT T b Bl 2500 E 5 & ik A F R BB RIS
A 2 e A Kb, FRA I B 3 0G T AT UG o T B BG AR & B T [ A C(CysC) VB 8UE 41 1(KIM-1) . & Za i A% 18(IL-18) At 7
T A F a( TNF-a)KF, S8R % RAAR T3 KB4 500~2 000 ng/mL 7& B R &M £ & B4G, 455 B X3 RSD 4 3.7% , #
MR B RSD 4 4.9%, T3 dnAf wh % 4 96.0% (RSD 4 2.1%) . 26 15) % 2 &4 I v 4 o o 26 3% % R 4K 5 103 ng/mL, 5k & 4 1 932
ng/mL. ¥ %0025k E M 2R EKAR . £0125K025 g4 B AT, RAMMERGESZKRA L RELE P £
1 000~2 000 ng/mL J&. B W, 26 %  & & A 13 6] & AR B R B, F P o 25 3R JE 500~ <1 000 ng/mL & A LR BB B E A,
206 B H R BT BRA T HAb iy e 3500 E SRR . %975, B 69 fe i CysC KIM-1 IL-18 \TNF-a K-F 3 2% % T %55 A7
(P<<0.05), 4518 Pk suh UPLC 75 kb ik Al T b A B i 2500 o W6 ARAS R T b 2R R B B 45 % R B B SF b A S TR A 45
B oL, SR E e T b BT AR S 500 Sk B R

KRR TR e 2H R E ME N A B AR AR & BB R R

Establishment and clinical application of the method for the determination of blood concentration of
apatinib

DUAN Xianchun'*, XUE Sujun'-?, ZHU Yongfu’ (1. Dept. of Pharmacy, the First Affiliated Hospital of Anhui
University of Chinese Medicine, Hefei 230031, China; 2. Key Laboratory of Xin’ an Medical of Ministry of
Education, Anhui University of Chinese Medicine, Hefei 230012, China; 3. First Dept. of Oncology, the First
Affiliated Hospital of Anhui University of Chinese Medicine, Hefei 230031, China)

ABSTRACT OBJECTIVE To establish a method for determining the blood concentration of apatinib and apply it clinically.
METHODS Ultra-high performance liquid chromatography (UPLC) was used for the determination of blood concentration. The
chromatographic column was ACQUITY UPLC BEH Ci: with the mobile phase consisted of acetonitrile-0.1% formic acid aqueous
solution (gradient elution) at the flow rate of 0.2 mL/min; the column temperature was 40 °C, and the injection volume was 5 pL.
The data of 26 cancer patients taking apatinib were collected, and their blood concentrations were measured. The correlation
between patient’s blood concentration and age, dosage, adverse reactions, and combination therapy were analyzed; the levels of
serum kidney injury-related factors [cystatin C (CysC), kidney injury molecule 1 (KIM-1), interleukin-18 (IL-18), tumor necrosis
factor-a (TNF-a)] were determined before and after treatment. RESULTS The linear range of apatinib was 500-2 000 ng/mL, with
a precision RSD of 3.7%, stability RSD of 4.9%, and an average sample recovery rate of 96.0% (RSD was 2.1%). The lowest
blood concentration of apatinib was 103 ng/mL and the highest was 1 932 ng/mL among 26 patients. The blood concentration of
apatinib in patients showed a fluctuating downward trend with age. At a dosage of 0.125 or 0.25 g, the blood concentration of
patients taking apatinib was concentrated within the range of 1 000-2 000 ng/mL. Among 26 cancer patients, 13 experienced

adverse reactions, and no adverse reaction was observed in those with blood concentrations ranging from 500 to <1 000 ng/mL.

Twenty patients were simultaneously treated with other drugs,
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(BRI 5 35 H (No. AHWJI2022a013) ; 22208 22 AR I A 3k AR resulting in varying blood concentration. After treatment, the
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significantly —higher than before treatment (P<<0.05).

E-mail : duanxc@ahtcm.edu.cn detect the blood concentration of apatinib. When using apatinib
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in clinical practice, comprehensive consideration should be given to the patient’s age, drug combination, and the attention

should be paid to preventing possible acute kidney damage caused by apatinib.

KEYWORDS apatinib; blood concentration monitoring; ultra-high performance liquid chromatography; kidney injury; adverse

drug reactions
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PN BTSSR AR P S o A0 i 5 R P450 (cyto-
chrome P450, CYP) B, 5 HAh 25 ik &5 i H 5 =
OB M2 B R A IS, AR B R 2550 28
BOR AR RN Z , PRI WS008 H AT i 24k 3 1
I, DRSS PR IEAT SRR FH 25" AT R AT
155 R AR {7 1% (ultra-high performance liquid chromato-
graphy , UPLC) % & 7 1 I 2 BT P15 e i 245 vk B 14 7
125, IG5 Gl R 91 73 BT BT E 25 T i 24 94k 2 5 R0 4
W ZE 2R B AN RSO MR 2 2Z IRl AR SGHE , LU
AR BT JE (A B 25 KR S %

1 ##

P ik 12 BT W 2 J %o B (4l 96.29% , 4145 101253-
201101) W 19 v 18 it 24 i A A5 B 5 P 122 ) T
Je R (R 4% 33 J% 0.25 @/ o) I 14 Y95 Firg 25 24 1%
W AHBRAF],

ACQUITY UPLC BEH Csfajif4: . ACQUITY UPLC
X34 7 &[5 Waters 23 1] ;s MESS B+ 5 43 2 — 43 #fr K
P MR- 2 A (IR A BRZA ) TDAA RUIE
DAL A VDI ZALAR AT FRZ 7] 5 XW-80A Y i it
A A B i B RAER A BR A 7] s FTS Y96 B AR 1Y
W A L AR KA K R AT BRZA 7] 3 DK-8D B it HfH R
KNG A E g ER A PR

Jib 983 R IHF o« (tumor necrosis factor-ar, TNF-a)
5 1147343 F 1 (kidney injury molecule 1,KIM-1) JEfIZE
C (cystatin C, CysC) . A 4l ifg /- % 18 (interleukin-18, IL-
18) i HX 50 22 W B ik 56 (enzyme-linked immunosorbent
assay , ELISA) i 71| & (4it5- 73 51 2 KS10208 .KS12070,
KS13826, KS10711) ¥ [ L i B T A= Hy B 452 47 BR
YN
2 HEEHER
2.1 FIMA%E e UPLC %l 77 % M 22 a2
211 %M

I ACQUITY UPLC BEH Ci (2.1 mm X100 mm,
1.7 wm) R BTG, DL S (A)-0.1% PR K W (C) A
Bl AH AT R EE e R (0~10 min, 109%A—97%A ; 10~
12 min, 97%A—10%A ; 12~15 min, 10%A ) ; i 3% 4 0.2
mL/min; £ 40 °C s FEAER N 5 L s A O 254
260 nm,
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2.1.2 BT JE AR T A 25

i 28 R EBCFF Ak 2 Ty 2% e ot B 10.00 mg, FH Y B
VA5 25 28 100 mL, RIS ik 4 100 pg/mL fY ]
WA Je AR U
2.1.3  BERMAEAR A

B — YR PE B 25 R 45 (12 mm X 100 mm, P35 15 7
Sy B EHREER) | o3 e B3 IR 2GR AR 2 4 h e R A
Bk 1L 5 mL, P4 3 000 r/min 250> 8 min Ji5 B35 1 BN A5
23 FME M & 2513 , F — 30 CCRURIRAE, 7
2.1.4 MM IEFEAR AL R

BB M AEA 100 pL 2 1.5 mL &.04 0, A
800 wL ZNiF , i JiElE 4 3 min, LA 13 000 r/min 5.0 10 min,
B E VW 1.2 mL, A ST S T 150 L 509% HYVEE A %
P43 1 min, FHLA 13 000 r/min 5.0 10 min, B
100 WL PEREIE .
2.1.5  JEFEE

(DARAERNZR AT o 4 2.1.27 300 BTl R Je An i
VAW PP B2 T PR RS, OB itV B4 2 000, 1 500,
1 000,500,200, 100 ng/mL FARifEMZE TAER . 43l B
A 6 B B VR EE ) TRV 20 L, I 180 wL 25 (I
CRE 2RI T HRAR W LY ) , V5 i s BT iR JE i s
FEAS . R 2.1.47 00 ROk T AL s |, fHR2.1.17
T (A3 2 A SEAREAG I . e v AR () oo 2 v ()
PEATLREE , 45 M1 H )7 2 Y=61.308X+1 444.2 (R*=
0.999 5) , & B BT iy 5 J& A I J5 2 ¥k JE #E 500~2 000
ng/mLyBRINZ MR Rt

(2) K5 2 B0 o 2. 1.2 300 Bl iy 25 JE A v I
W, A ZS IR TEC T BT i A e 5T R vk B A 2 000
ng/mL A 24 L7 , $5 I8 2. 147 R 5 kb T wikb B
PR 2.1 17T N (A% S I 2 | SRR 6 IR, 1053
WETRIAIF 3 RSD. 25 R B, 6 R REIE 1 FL Y RSD
H93.7%(n=6) , FRWIZILER BONE 2 KL

()RR, HU2.1.2 500 F Bl ii Je A va Wi
614, 43 BN A ZS [ I3 TEC ) g ] s 5 JE I ek vk B oy
2 000 ng/mL [ & 25135 6 103, 7 4 °CH&AF T 43 i E 0.
2.4.6.12.24 h, #%“2.1. 4750 F JriEXREAR HEF T ImIAL 2R
FRHE 2,117 BT 3% S5 AF A, J0 SR i B
RSD. #54Li7% , T L RSD 4 4.9% (n=6) , F&HA i
AR e 1% 24 I3 e M R AT
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(A)IRE I R . B2, 1.2 T 1 B 1 Je e
VSR, A ZS LY TEC ) s BT F 2 ot 2 ¥ A 450
7501 000 ng/mL Y & 24 L3 , B3 A vk BEPATRC I 3 403,
P21 AR Dy b T AR B, A 2. 1.1 3 5
PEBEREIE TR AR A B IR RO . S5 R WoR A
SEETINEE [BIR N 96.0% ,RSD K 2.1% (n=9) , 2 1%
TR HAT RAF R HERREE
2.2 IfaFRR R
221 WRXNZ

DL R B 25 K275 — IR B B 2022 4 9 A &
2023 4F 12 F B FH 2k By i JE i) i S8 5 A BF e R 42
WA B E A A TR AR A 2 R 2515 O
AT IR BE AT . B A AFRHER TS : (D AFE% >
18 % 5 (2) 12 Wi MIRRAE 5 (3) JEL AR B Ry e 5 (4) Y R ik
A7 BT e I 24 v B2 Wl 5 (5) BT i e il 24 9k B 3k
Fads. BEHERARERSRE : (D ABEREZF3 d;5(2)
Xof BT E A28 JE A 5 (3) TSI AU e o i 0 o i A
LG (D WL URT FLI R . AWHE S Z R s
R MR ERREZ R S T A
2022XJIS-MZYY05, AHF5E R BT, 8835 43 e
MR

R AR AT 26 0] s M BFFE X4, Horp
BYE 186, Lotk 8 ] ; ;BT AR 32~82 % 5 IR FH B IR JE
FHEh 0.25 g(16 451 ) 57 0.125 g (10 491]) , ¥4 K48 5 AR 2 o
AR e A R VR TT O 4 S, BRI —— R
e AR (L)) B e R B+ BT AR JE -5 L B )9
S 2] BRI JE , iR AR e 5 g AR
H (L)) - B TIBTA R JE , sl SR+ dth R gt + Bl iy
Be , BUFE R BB+ BT JE , 3 A2 B 7 B+ BT i
B, SRR S , sl AR A - e+
RERAE s B B T AR M IRASE R (45 1) -3
PO FFIBTWA RS JE 3 TR A 5 (A 01 ) < 5 1 )k B+ BT iy
Je+BVB RN, 5K B 0N PR ST+ BT I A2 2 5 i A (2
)« S BTG e , sBTiras e+HRFEI s B R A
(34]) « 1 3R S A2 B+ BT E s Je, , sl BT 2 e+ IR 35 )
BRSBTS BT e+ ik A
LEE7 8
2.2.2  JRF M Zue B IS

S5 2.1 WUR Jy A TR A R 3 B 0 5, W 26
5] £8 5 (R BT 2 JE I 25 MR B2 . 45 SR s, BT Wi JE 1 2Y
W BETE AN 7] £ 35 v i) 22 S AR, WA A e IR B2 oy 103
ng/mL, F W EE N 1932 ng/mL, Hir, ifil 254 B <500
ng/mL 1Y /& # A 6 i , 500~ <1 000 ng/mL Y & A 2
$i,1 000~ <1500 ng/mL [ & 106, 1 500~2 000
ng/mL [ 8 F A 8, &R R I 2450k B W 45 SR e i
UL 1,
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700 7.131 200
600 >160
> 500
£ 400 E\Elzo
& 300 )
L9200 =
100 40 7.040
0 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
it [E] /min i 8] /min
A BT AR B3 LI HEA
280 .
200
240 .
> 200 160
£160 E 120
> 120 o
£ 59 & 80
40 7.040 40
0 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
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B 4 RS FL A 5 L HEA
1 EoE2ENMZRELENGEER

2.3 MRERMARESFR LHFNE FRREK
BA RZptER o i
2.3.1 Pl JE M 24 7 B2 S A0 AR DG

2K 1] GraphPad Prism #3626 f5ilJ8 4 85 1) 1 2
W JE AT S AR IS B AR SEE HEA T 0 A AR 1AL, S 2R
30~39 AR B B2 TR JEE o iy, BB AT 0 O35
I 2 JBE L ke 8 T RS . SR 2,

2500 =

2000 —

1500 \/\/\
g
I 1000 =

£

/(ng/mL)

500 =4

0

RS
B2 BHE R M Z K E S E iR

2.3.2 PATEER JE I 24 v B 55 4 24 0] £ AR AR DG

YR EEN 0.125 g i, I 25k %2k 1 000~ <1 500
ng/mL (5 A 44,1 500~<2 000 ng/mL Y £ #4 2
i, <500 ng/mL A4 H & A 341, ifif 500~ <1 000 ng/mL
R AT L5 45 25 70 i 0.25 g B I 2 vk B Oy
1 500~<<2 000, 1 000~<1 500 ng/mL K & % & # 6
i, <500 ng/mL i £ 4 3 41, 500~1 000 ng/mL 1) &
HA LB, #E0.125 g5 0.25 g 45255 5 T, Bl AR Je i
ZHHREELE 1 000~ <1 500 ng/mL J5 Bl N A R Z R £,
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2.3.3  BATEER JE i 2 v BE S5 AN RSO AR DG

BT 15 I PR 7 FH v = 2 B R R RN A4 1
MU DR IS, ARHIFE 40 A B 26 18
IBITHTIAR A A m i LG A B AR 461 R
911 5 i BRI MARR JE 5, A 13 1) AR AN BB, A 475 i i
JE 541 IR 6 61 R Befn 10 5] v, of 25 R <
500 ng/mL # & Az fmi Il & 3 ) E PR 15 PR R 1 3]
25 Y€ FE 1 000~ <<1 500 ng/mL % & £F & 1M JE 2 4] 25
FUR 2451 PR BS54, 1fn 25 %€ B 1 500~ <<2 000 ng/mL
H R IR 3 R R 4 491 , 1 254 B 500~ <1 000
ng/mL # R WA KN &
2.3.4  BATMAERJE I 24 Mk B S EA T2 AR G 1

26 B B A 20 B ERE SR IR G HZ T2,
LA AT A 491 555 1 I 245 v JBE <500 ng/mL, 1 i) 62 f) .
2y FETE 500~ <<1 000 ng/mL Ji5 [ P , 8 f51] f 355 4 i 24
HPETE 1 000~ <1 500 ng/mL Y PN, 741 H3 A if 25 1
FETE 1 500~2 000 ng/mL 35 Fl Y
24 BRGEFRN

F 25 (PR R DR Bl 55 b B B 40 3 D AR 5 4
DU Al FHBRTIOG 25 J& T e 30— R B i A ME B s, PRl ot
AR — DRI T BRI RS I A T
TNF-a . KIM-1,CysC .IL-18 /K-,

K FH ELISA ¥, iR G B sk #EA T #A « A= 37
fir 20 min J&5 AR TEAS TP IBUH TR A SR, U TRV B2 i
Al VAR 50 WL I A ARE S AL AR UK R IR AR 10 pL
FHREATG B A0 wL I ZBREAFL s BRZS FLLAN A i
FLEAEASL 45T 100 L BAR o A AL Py b i B4
TEIR AR & 60 min; 7 X WAARFHE | min, BALIMAKY)
A .B# 50 wL, 37 °CHEEIET 15 min; AL INTA LK 11
50 wL, 15 min /& 7F 450 nm 3 A2 BE(E . SR
Excel T_1F 2 il b o it ih 2, AR 9 ith 2 07 72 (=
343.65x—46.309, R*=0.989) {15 KL A v 5 451455 K 1 (1)
IR ey SR B AL, x AR R

ELISA kil 55 (1 3) 7, #1697 )5 I TNF-
o KIM-1, CysC. IL-18 7K °F- ¥ Ik 2 = TG 97 i (P<
0.05) , &/ BT 4% Je nl g S 80— e R B 1 2k B 65
3 it

BT JE SR A R — TR YT I 1 i 0 e T il
B ING T2, LR PR b T A 4 R 105
VA Bz 4t A A TR 32 A 2 1 B MR RS AT — B R 45 B o
A5, DT 10 44 P 98 20 00 1 A8 A R, AE KRR Y
i

e £ I A2 2%, I DR [l FHTBRT B 25 JE I A2 A A [
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100 =

Tm

250 - a
2 z
- g8 -
Z 80+ £ 200
2 G
< 60 T 150
Z % 100 -
2 40 4 =
3 =
£ 20 g 50~
= I~
0 - 0 -
T TR VT TR
A. TNF-a B. KIM-1
1500 — 8000 -
~ 2
E E 6000
S 1000 Bl
= < 4000
Z 500 g
Q Z 2000
g =
0= 0-
BT TR W TR
C. CysC D.IL-18

a:JRITRIIG Ui, P<<0.05,
B3 FIRE RIaT e BE B EFKERNLER
8513

LR MORRNAIT I 58 MARE 22 R . AR ST X
26 {5195 £ IR AT 2 I 1 i 24 v A T T
SRR, 20 B FHIEAS FH 24 75 28 0 SB35 il 245 v B eI
AN[F], 33X AT e T BT e £ 25 CYP3A4 . CYP3AS
R, b4 CYP2D6 ., CYP2C9 . CYP2E1 AR i, 24 By
)5 CYP3A4 5iRiFs T 24 SO AN I 25 16 HI I, AT IR E
P& e BT 2 JE A Il 2 3k BET S BRI PR AT FH BT
JERF TR A% e B B AR BE B, 5 HAb 25 Y Bk FH
T WA 25 R PR R 25 247

BT AR JE A B DA L 5207 Ay e I P DR A A I
S AR SE & PR, L2596 SR 500~ <<1 000 ng/mL )
PR WA R AR 7R T 259 B P FH 24558
E4s, 500~ <1 000 ng/mL ] g Ky Bl 15 Je 1fil 24 1k B
LRSI, N R RN & A A Tt = 1l e -5 BT ¢
Je M B 5 v A DG o

AN A 538 2 o3 A 491 B e A B AT R A
e I B PR DR S I A R L B TR T T T i
[, 3497 5 R B LI TNF-o KIM- 1, CysC . IL-18 7K -
Y0 2 TIRYT R, R e A RS B
F AT REME , (L ELABLE M ARTE S . AR 5 i 25 R Y
FHOCHE AT il , B AR SR AR S AR 8 B, LA Py BT
e I 2 AT, B A I 24k B T R A7 B AR Y
S, AN 25 2700 i 5 I 24 TR B AR M A T R L TE
0.125 g }20.25 g iX IR 25 2570 & T, IR FH B iacEs Je
B R I 25k B R EAE 1 000~2 000 ng/mL 35 A .
25 50) 2 R B B E L AR 25 R AR
A ol 48 DR 2R A 23 2 ) I 24 9 B, DAL, I DA Y BT b
Je IR EEA R R

25 LTIR  AHIFSE 57 (1) UPLC J7 7 g PR A6
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BT JE I 2T o DR PR R T2 9 22 P A
RS2 I A A AR , e A B BT e e 7 2 45 2% R R
R AT R 245 VIR A5 0, L A5 M 0 5 1) ' 4 47
AHICHE AR , B R JE e S 2hy 2 B 54
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