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Establishment and application of a method for the determination of plasma protein binding rate of
imatinib and its metabolite

WANG Dunjian"*, JIAO Huiwen’, QIAN Yi’, XU Jianghao’, XU Hao’, SUN Luning'**, WANG Yongging"* (1.
School of Pharmacy, Xuzhou Medical University, Jiangsu Xuzhou 221004, China; 2. Research Division of
Clinical Pharmacology, the First Affiliated Hospital of Nanjing Medical University, Nanjing 210029, China; 3.
Dept. of General Surgery, the First Affiliated Hospital of Nanjing Medical University, Nanjing 210029, China)

ABSTRACT OBJECTIVE To establish a method for the determination of plasma protein binding rate of imatinib and its
metabolite (N-desmethyl imatinib) and apply it to patients with gastrointestinal stromal tumor (GIST).METHODS Using imatinib-
d8 as the internal standard, after being deproteinized methanol, the sample was determined by equilibrium dialysis combined with
liquid chromatography-tandem mass spectrometry. The free concentrations of imatinib and its metabolites in plasma of GIST patients
were detected by the same method. RESULTS The protein binding rates of imatinib with albumin, ol-acid glycoprotein and
globulin at 120 ng/mL and 4 000 ng/mL were (92.5+1.0)% and (91.7£0.4)%, (56.6+2.0)% and (62.6+2.6)%, (56.3+3.1)%
and (68.0+8.6)% , respectively. The protein binding rates of N-desmethyl imatinib with albumin, al-acid glycoprotein and
globulin at 60 ng/mL and 2 000 ng/mL were (90.6+3.5)% and (91.3+1.5)%, (54.1+5.1)% and (63.7+1.3)%, (56.2+7.6)%
and (67.5+7.3)%), respectively. Compared with the low concentration group of imatinib (120 ng/mL) and its metabolite (60 ng/mL), the
plasma protein binding rate of high concentration of imatinib (4 000 ng/mL) and its metabolite (2 000 ng/mL) with al-acid

glycoprotein and globulin was significantly increased (P<<
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, but there was no signifi-cant difference with albumin
(P>0.05). In blank plasma,

imatinib (4 000 ng/mL) at high concentration and its meta-
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bolites (2 000 ng/mL) were significantly lower than those of
low (120, 60 ng/mL) and medium (750, 375 ng/mL)
concentration (P<C0.01). Average protein binding rates of
imatinib and its metabolite in plasma of GIST patients were
(99.0£0.3)% and(99.2+0.3)%, respectively; the correlation

coefficients between the concentrations of imatinib and its
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metabolites and the protein binding rates were —0.298 5 and —3.332 3, respectively (all P<<0.05). CONCLUSIONS The method
for determining the plasma protein binding rates of imatinib and its metabolites is successfully established. The plasma protein

binding rates of imatinib and its metabolites in patients with GIST are negatively correlated with drug concentration.

KEYWORDS imatinib; N-desmethyl imatinib; equilibrium dialysis; liquid chromatography-tandem mass spectrometry; plasma

protein binding rate

PE e RS — 9 32 E FDA #itvE H T H g [a]
Ji 9 (gastrointestinal stromal tumors , GIST) ) i 22 iR 1
B0 7], 1224 ] 2 e e D) GIST /(R & o &k
FEHAY 7L A e Bl SO A IR B S, 7E I 3R e LA
456 RV S B R YIAEAE o rh S5 G AL AE AR N 2
5 12 1 (albumin, ALB) .5k % [ (globulin, GLB) #l a1 -
P P4 B8 7 11 (alpha-1-acid glycoprotein, AGP) 454, i H
A i B R 25 ) A R B R TR R 4 2 AR Y
39, PR e AR N-JS R S e, PR
HEATLIR RGN, H SRR SEA A
AR R ZEMA, 5 E A G RN NE ] R
SN2 R B VAR B 7 A k2 S T A R R -
K F s LA E Y P, D R S 259 ) B L 4
BRI L,

AR E N A A TR B e S AR Y
il (AR S AR IRy VAR BB, RN A I LA
FFEE REEOR , R Z R UL ™ 2 I AF e 29
oy MR B L AR AR R R A S B . HETW
RAWTEHRIE D8 e S HARE Y 5 A R SR F i 45 &
L R, ARS8 ST T A 3 BT vk 5 G R £ 1 -
5 1% i % (liquid chromatography-tandem mass spectro-
metry, LC-MS/MS ) B 7 G E5 8 Jg B AR (V-2
R ) 5 R A5 A R0 ik, I R A
GIST f837 I 3% Th P 2 B e B8 25k B, B AE O
Jen e AR IS %

1 ##
1.1 FENE

ARG T FH = AL A AT 1290 Infinity 2 = 00 AH (2
TEAY ([ Agilent 23 ] ) , AB-SCIEX API 4000 %1 535k Y
AT %42 (3€ [E Applied Biosystem 23 7] ) , Stratos 7 5
A R 2 0HL |, Single-Use RED Plate with Inserts %Pt
SEfT B 8 (22 [E Thermo Fisher Scientific 237 ) &5 .
1.2 FEHRBSRAF

P 5 J2 ok B N (205 98% , 5 LPCOP57) \N-2
FH R T4 5 Jig o) B (4l FE 989% , 41t 5 LN90052) 21 [
At st E RERH A BR A R B e -d8 (P A, 4l
98.7% , #t5 2-AJK-132-1) 4 4 hl1 4= K Toronto Research
Chemicals 23 7] 3 ALB (4§ J# 20%, 4t 5 S20170005) It
1% [ CSL Behring GmbH /% w] ; GLB ( 4l f 5%, It 5
S19993042) W [ AL HR 2% A5 2450 A BRA 7l s AGP (4l i =
99% , 4it5 SLBI6840V ) W [ & [H Sigma 24 F ; W R $h 2%
% W (phosphate buffer saline, PBS, pH 7.2, #it 5
20012027) 14 H 2 [ Gibeo A ] ; I  LFR L LM ¥k 8
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A, LERE AT, KR B FAifbK
1.3 Im#KiR

25 PR FR P o R R 5 — ot = e i 2 it
2 AEEHER
2.1 BigEEHSRERY
2.1.1 a4 L Agilant ZORBAX Eclipse Plus Cis
(2.1 mmX50 mm, 1.8 pm) K@ EH:, L Zfi-10 mmol/L
IR (5 0.1% LR T (T7:23, V/V) M sh Al s A
35 °C; i 4 0.5 mL/min; #HAERH 1.0 WL s 53 AT s 1]
A 2.5 mine
2.1.2 FUESM  BFURAH M B W e
22 g W 5 SR AEAR SO IE B 5 B T L L R ol 5 500
V3 BRI R 550 °C 3 240 S R 45 psi; imfe SR
55 psi; AT SN 35 psi; BlEAE SR 10 psis H T € &
AT B X453 R m/z 494.4—394.2 (B EL R J2 ) om/z
480.4—394.2 (N- KX H 3L LB JE ) . m/z 502.4-394.2
(A5 o
22 BEMHE
2.2.1  PHEERJE XTI WSS S RS R
HU B 5 e %t BE T 10.22 mg (284 BE e 4 10.02 mg)
N-25 PP RS A 0 585 2 o) B 513 mg ( 24 Ji 46 4 5.03
mg) , 73 E T 10 mL ARt R, HH EE-K (11, v/p)
I 25 IR AT, T U VK 2 O 1.00 mg/mL A
B R ) S TR 0.503 mg/L SIS I , T — 40 °C
UKFEIRAT o
222 WIRAWR  BURSEE-d8 0.50 mg, # F 10 mL
PR, B A 25, LT Bk B oA 50.0
pg/mL Y N ARt 8 TR 5 BN B 2 A o, FH PP A
F T R R AT
2.2.3  FRUERNAR RO R RE A IA TR B2.2.17
T AP 5 e ok s VR B LA v Vs i, P P
FiEIe 458 2.5 uL, LA %S LK 50 uL, IR BETR ST, il
B Je B vk 43034 50.0,100, 250,500, 1 000
3000.4 5005 000 ng/mL , 54 Joi 5 v 3 43531 Ky 25.0
50.0,125,250,500 .1 500.2 250 .2 500 ng/mL F) % 51 #5
THE Y 000K AR S T, DA B T 8 I AR i
50.0, 120,750, 4 000 ng/mL, 1% 4§ 4 i & #k £ 43 51 A
25.0.60.0,375.2 000 ng/mL [ 5 4 IfiL 3¢ BE 5L IR T . HL
PBS 100 pL, [FVEfl 5 S e S HA R ) ot o vk B 4
W44 2.00,5.00,10.0,20.0,40.0, 120, 180, 200 ng/mL
1) R FNARAE T2 PBS A S R, LA R 0T v J3E 43 501l 241y
2.00.,4.80.,30.0,160 ng/mL 1) JFi {2 PBS FE M -
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2.3 HEARRTALE

2.3.1  MZEAEARM AL BUMAEFEA 50 pL  H 2.5
uL, I HEIR AT, A 100 ng/mL 59 INARAHE 300 pL, i i
J5 T4 °CF L 16 000 r/min #5.0> 15 min, B I/ W 100
ul, BT 1.5 mL B0, H7K 900 L, iR eiR A1, Bk
TGRS

2.3.2 PBSEEAMYTALH B PBS FEZR 100 uL . FH
2.5 uL, W HEIR AT, A 10.0 ng/mL # PIFRYE K 300 pL,
WAHESS T4 °C R LA 16 000 r/min 250> 15 min, B I
oM

24 FEREER

241 LJEMEZE SrEPBS & H I e
(50.0 ng/mL) K AR 1497 (25.0 ng/mL ) (AR v i 28 1M 2%
FET T B MR FEARTE Bt 322,370 R ik AL B
21750 T 3 5 Bk A R ERE ST e SR i R
TEULIE 1(PBS FIZs (i WS ) o p Il 1 a] 0, Rl i oy
FPIFR 45 B8 B 114531 1.48 .1.26 . 1.43 min, 45 WU TE
R4, JoZ T4, 25 P /N7 N T ) I
PBS X JC T4, RIAA T % Jm it R A4

mlz 494.4—394.2 mlz 494.4—394.2
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8000 -
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s [ - PE——— SE—
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m/z 480.4—394.2 miz 480.4—394.2
300 4 1.26 . 1000 1.25
& 5 800+
s 2004 2 Z 600 - 2
£ 100 - ‘ 5 400-
£ £ 200
0 05 10 15 20 0 05 10 15 20
m/z 502.4—394.2 m/z 502.4—394.2
4000 4 1.43 4000 4
| 3000 -
2000 4 8 2000 73
‘ ’ 1000 -
0 , . . 0 b —
0 05 10 15 20 0 05 10 15 20
t/min t/min

AFRAENZE IR
LR 5 2. N- 2 AR D e 5 3 AR
B1 FOEBEREREAEHY NiRMREEEE

2.4.2 LMERFRFEE WU2.2.37 W T bR h LA i
W A% 2,37 T Ty I TRAL R, PR 2.1 W i
SRAFIERESI T, T SR T R . AR B 43 I R 3 A A
ArAR () I B 535 P BRI TET AR ) AR R AR HR ()
PRIk (AR AR50 1/CY) . 4553w, RS
B 5 2 Ay 1] I 5 2 S y=0.002 00x+0.002 30 (r=
0.998 3) , i Y [l U 5 8 4 »=0.000 620x+0.000 757
(r=0.997 1) ; PBS # i 4+ S8 Je iy |l )5 05 #2 2h y=
0.003 67x+0.001 64 (+=0.998 4) , X35 ¥ 14 [a1 19 77 15 Ky
y=0.003 46x+0.001 77 (r=0.999 0) . 31X 2 HA I J¢ FF
rh P L 3 2 B HARC I e e T B e U R e M L 4 )

B M HEA
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4 50.0~5 000, 25.0~2 500 ng/mL, & & F R 7 51 K
50.0.,25.0 ng/mL; PBS £ iy H1 28 143 {1 1 4 2.00~200
ng/mL, & & FFR¥I 2.00 ng/mL.

2.4.3  MERREE ARG 2 A HU2.2.37 0 T R i K
FETS ORI PBS AR SOV, BRI AS 5 0, TRl H N
Fi 2,37 BT I L TR B 2.1 TR % 5 S A
PRSI, B 58 H WA B2 5 B2 3 d, 48 H
KGR . DA B 5 B vk B 04 T e, AR RS 22
(relative error, RE) ZELUEMME . 45 R BN, SFEMATH
N . H [ RSD ¥/ & F 12.9%, RE  —6.3%~3.5% , 1
A YRR e AT IR

244 FPREUDCR S BERAN 4% HCU2.2.37 00 R Il
2 M0 AL S VA TR (B S5 JE 120,750 .4 000 ng/mL , fLif
$760.0,375.2 000 ng/mL) , BHR FE 45 6 1y, #%“2.37 Wi
D7 AN PR 2.1 I i 5 R SR AR ST
ISR R (A)) o BUAS (208 5, 36 6 0y, 452,37 30
T OIE AR E  AIn ABR By Je sk R VRO AR 1
Py A L v B 5 R T R G N, P 2.1
RS TS AR T IE SR TR (4) o [
2020 AF Rz H 245 30 (DR ) LR i ) s Je T i
e 5 43 51 1204 000 ng/mlL, 1% 5 47 o & v i 43 ) N
60.0.2 000 ng/mL I | /5 5T f 1k 8 ik BT RN A AT AR
FRMREEAS 6 407, $5“2.37 00 F ik TIALBE , F4% 2.1
O3 5 RS SRR AT I SRR TR (4s) o R B AH
Eb 5] 1 B 5 L R e X 1o 7y B 3 S B LA A ) R
VU, TR E A% 6%, 422,37 I R I B TRAL B, P 2,17
T €635 5 s A5 R UERE AT, TE SR TR AR (A0) o $REHR
IR = 41/4. X 100% , 3 T ] = A4:/4:X 100%, 453
R, S e B AR AR K 4R R Rl 52 )
Wl K 89.29%~102.0% (RSD<12.8%) . 88.8%~99.7%
(RSD<14.3%) .99.0% (RSD=8.8%) , -4 K& J3i Al 143
) K 98.29%~103.3% (RSD<4.6%) . 99.8%~101.1%
(RSD<6.1%) .107.0%(RSD=11.7%) , F5- & 4= WIkE i iE
AT ERY,

245 FAEMERE 22370 R kBT DR e
JFHR MR 43514 120 .4 000 ng/mL , A5y 5k 1 4391
4 60.0.2 000 ng/mL F% T4 I A S W, Tk 45 12
By, 4 BU3 343 ) T2 EHCE 20 h 4 °C H shib A RS i E:
20 h 3R (—70 °C) KHALRAFE . — 70 °CIR B ¥Rl 3k ,
Fi“2.37 T P TR, P 2.1 IR % 5 TS Ak
PEHERE T 0 SR T AR, LS B B ok B A T
Fd JHRE B fae th o 455 R, 85 Je B AR
Py i () RSD 4 A 55 T 8.3% (n=3) ,RE N —7.4%~
8.5% , FRWFHM B AE LR A PR e RAT .
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246 FREEFEL WU2.237T0 R LR e KO
J M B 43 511 5000, 2 500 ng/mL Fé A v T 26 if S ke
AR, 462,37 TR J i AR B ) b PR SR AR
AT 3 S EES M 50 WL, #%2.37 T T Jy i kb 3,
Be il 25 (A MLIAEAS s B 2. 1700 R (3 5 B 44 1 kRt
O3HT, B ELER RN, R AEIA 5 IR, G IR, AT
BRER AN 5 SEREAS I E

2.5 PEFEHEE

2.5.1 HALGRMBEAM S & BC2.2.17 0 N
T U Rt R VS VR B P v WA e, A R
RO T SR I v B 43 oA 120 .4 000 ng/mL, 44
TR EE 4R 0 60 .2 000 ng/mL 98 1454 % TAR R -
] K ALB (200 g/L) Ff] PBS i % & 45.0 g/L; ¥ AGP
(10.0 g/L) F PBS i B¢ % 0.100 g/L; ¥ GLB (50.0 g/L)
FHPBSFi B 25 25.0 g/Lo B b 3R AN [w] o f v B85 1) 2 134
VB 50 wL FIAN [R) Jo o e B8 A0 2R 45 & R TR IR 2.5
uL, B T 1.5 mL¥RF 04 o TR A L 3 R ARl 2
A RRREAR

2.5.2 AFHEABWRESGROME 75— KM%
URGEEAR R S R B Sl VI AN - S E Ry walll [ = 27N
BT 1M 3% BEAS 200 wL  PBS 350 pL, JH %5 3545 78 o 2
B, LA 800 r/min Z I A E 2 h, 23 B A5 FL i R AR
PEAT AR ARG BC“2.5. 17 T 2K 145 A R A T RE AR, 52
“2.37 I R 7 AL BE, TR 2.7 IR (3 5 B Ak
FEOTHT AT RREAS VR BE TN 145 & R S R = (B
AU E —PBS Wk B ) /AR FE X 100% . T2 3 UK, B
BIfE . (I SPSS 26.0 44, R H (KBt AT G v 24 40 B
(R SR ER, S0 E 58 JE (120 ng/mL) &
H AR (60 ng/mL) Fb AL, & vk B G 5 8 J2 (4 000
ng/mL) K HAC ) (2 000 ng/mL) 5 AGP . GLB [ IfiL 3%
E LR ER 5 (P<0.05),{H5 ALB 1y I 3¢ & M
AR, ZR TG E L (P>0.05), 4R IFE L,
x1 FOEREREREMSARAEANESENELS

R(n=3)
A% Gl W/ (ng/ml) ERLEAR(Es)%
ALB R 120 92.5£10
4000 917404
N-EPAEDER 60 90.6+35
2000 913£15
AGP o 120 56620
4000 626+26°
N-ERAEDER 60 541451
2000 637£13¢
GLB R 120 563+3.1
4000 68.0+86°
N-ERHEDER 60 562+76

2000 675£73¢

a: SR s 2 (120 ng/mL) Jz HAR 149 (60 ng/mL) 4%,
P<0.05

TEZED 2022455 33 4 181

2.5.3  NI[H] BT i BE B S e M AR 5 4 i
BAGAZRMME  H2.2.37 30T B4 AR 55 W
(fPr B J AR b L g JoT o R 32 43 53] oy 120,750, 4 000
ng/mL, {9 57 ¥k B 533 24 60,375 .2 000 ng/mL) ,
F£42.5. 27 WU I A I A 245 5 Rt AT e 2 o0 i o
SRR R O e R AR B I 3R R 25 A
KGR i, 2R LG E R L (P>0.05) 5 ik
P EL s Je B AR I Y SR AR 1 25 6 3 i BT
W (P<0.01), 25K 2,

®2 ARREREFSEREEREREHSZ=AMEN

BEAZEEENELER (n=3)

Gl Wi/ (ng/mnL) BHEAR(5)/%
FoER 120 %6104
750 98402
4000 974404
N 60 984404

375 983104
2000 97.0403¢

a: SR K HAR IR (120 .60 ng/mL) 71 (750,375 ng/mL)
W LA, P<<0.01

26 BENRIHNEALEESENE

2.6.1 WAEHEBRbRUE  ABFRANAFRUER : (1)L
s B 214 0IE 52k GIST ;5 (2) 32232 Bl e B VIBR AR HLR
FRUESCYIZBAE 5 (3) Z i A MR FH i B 545 e 5 (4) GIST
VIBRA S AU 2325 hy vl v B2 52 2 KU 5 (5) 35 6] AR 35 e
JMEALIE S R 0~2, EENEZR B IE 5 5 (6) 48 A
18~75 % 5 (7) i (L Y G R 3 LA T A ) 2
B0 ARG HEBRERIE R - (DTG SHEIRGLE 5 (2) IR
S FLI A2 5 (3) 7™ FE MRS D) BEAS 4k PN 2 e 2 g/
REF R BB E (A LR 3653 5 () ARBF 5 FFR
4 JE S S IATFZE A R XS0 T oAbl RAF 4 -
2.6.2 BURLRIE AW T B G a ERFRAE R —
J I B B2 A HZS B ARt # A 550 2013-SR-142,
VEPEIZ PR 2014 4F 12 A —2017 4F 9 UG 19 GIST M 3%
6441, Horp B3 1 33 ) Lok 31491, P4 4E S (54.3 £ 11.8)
% A BAE R R 400 mg/diRYT 204
2.6.3 A M HEAZGRNONE REFA B
Qb F AR 28 Wk B I AEAS  #5¢2.5.27 350 Jr i Aar
MR AL A H G5R R, 8 e S AR A
I AR 1454 24 1R (99.0 £0.3)% . (99.2 +0.3) %,
{6 11 SPSS 26.0 44, £8 Pearson &0 4T, 45 9 R
P T R AR %) el B K, LR B R B K (o
43514 0.800 4.,0.682 0, PHJ/NF-0.05) , I3 5 145 4%
AR (#4351 —0.298 5. —3.332 3, PY/NT0.05) , 4%
UL 2,
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4000 - 40 1
3000 30 1

= 90

1000 - EE‘ 10

IR e N-Z SR TR e o N-Z AL e
AL B E B. Ui B e

B2 BENEHFIEREERGEMNSRENFS
RE

3 1Tt

MR E A S AR 2 3 2E M EEESEL, T L 2y
Yy (A P [R] R BE©, 8 R h 25 27 40U (A BF 98 #4822
— o EVHIT, IR A N 24 it A R Y ik A M
B ROk P A R, oo E ATk
L BA BRI 38 AC 2 i & L ARRE 1
Wz /D AR

A AT 5 T OREA AU (R ) X
e W g T2 AR 1 P10 5, 455 SR A B, 7P o g 7 e g i
WEE 2 AR i 7 119 582 1 #H 22 T L, 5L Z 16 A DT RO 4
Wk £ NG A HLA . R B E 25 28 T R [8] K AH 10
mmol/L Z %R .10 mmol/L Z.FR%E% (5 0.1% .12 ) 1%
YT M 7 O, 25 SR B, AR LA 10 mmol/L LR
R R K AR, AT LR ARE AKCRH B RS e 1 R O B B[] £) 2 30
PEHINA 0.1% LR, 1T 3 5% B B8 AT 1, $2 55
R R AR, B FE 2 -10 mmol/L 2R #% (5 0.1% 2.
R )V RON T SAH o A TRABTZH A8 K BE, 2430 0.5
mL/min B, 500 B850 T ARASA 305 %) 4 B4 1) [ 5 9 ELRE
F4) il 2 Ay T B B P ST i AR, XA G T A A4
AW A 5 LN, S B VELRR 3 A A B AL T RS 1 3
2R FIME 22 1Y H B3R, S B T AR R A B v Al A o
T WEFEN R, [ 2 N AR BB R BRI B 3k
HERf R = A B BB S8 JE -d8 S A o

AL BN R e AR Y S5 ALB 1
H 256 850m , Bk O 58 e LAY 5 AGP.
GLB IR 45 & 320 & = TR E (05 ALB 1Y
EASARILE, ZR LR, XA ER
KA 5 ALB (W45 6 0T RS T4 &, LR 5 7
HEINZIWFR L, E S 2 Wk BE S N B E A9 v L EE =
T REE ThEE , DR A IR PR A 2ok A v g 5 R SR,
LR R T IR 55 4 [ — 2R U SR 25 B, 75 4%
DA N i 25 B 1 AR Ak, B B8 e SO 5 R
M2 BB 45 AR a5 R w8 e S AR )
e R T, L v P AR A MR AR 1 4 BRI, X m]
AEZ i T S8 e LAY SN E AL &8
Mo VIR, Bl A 25 v BE 3G 0, i 25 25 40 o 45 2 5 1Y)
e R

2000 o

JH A%/ (ng/mL)
T/ (ng/mL)
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25 BRI ARAT SR ST 1 A s e S HAR

B R AR 455 R 5 1 GIST JR % 0 Jé b

AR B4 ML 255 3 5 25 WPk B B (UREOG
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