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Hollow fiber centrifugal ultrafiltration for the determination of free methotrexate

concentration in human plasma
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Abstract :
ultrafiltration (HFCF — UF) coupled with ultra — high performance liquid

Objective To establish a hollow fiber centrifugal
chromatography ( UPLC ) method for the analysis of free methotrexate
(MTX) concentration in human plasma and apply to clinical therapeutic
drug monitoring. Methods
HFCF - UF. A Waters UPLC BEH Cg column (50.0 mm x2.1 mm,
1.7 wm) was used. The mobile phase consisted of methanol and
0.05 mol + L™" phosphate buffer (pH 6.2) (17:83, v/v) at a flow rate
of 0.2 mL - min~".
The detected wavelength was 302 nm. The

Plasma samples 500 L were prepared with

The column temperature was maintained at 30 “C.
specificity, linear
relationship, lower limit of quantification ( LLOQ ), precision, recovery
rate and stability of this method were investigated, and it was applied to
the determination of clinical plasma samples. Results The good linear
relationship were obtained between concentration of free MTX in human
plasma from 0.05 -10.00 pmol - L', y =0.297x + 0.001 (r* =
0.999). The LLOQ of MTX free plasma concentration analysis was

0.05 wmol - L™". The method recovery rates of free MTX were
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95.77% —100.52%. The absolute recovery rates of free MTX was 84. 09% -92.93% . The intra — day and inter —

day relative standard deviation ( RSD) were all less than 7.0 % .

It was successfully used to analyze free MTX

concentration in 52 plasma samples from patients with MTX chemotherapy. The average free plasma concentration of

MTX in these 52 patients was 0. 68 pmol + L™, with the maximum value of 9. 32 pmol + L.~

1 ..
and the minimum value

of 0.056 wmol + L.”". Conclusion The developed method is simple, accurate and sensitive, which is suitable for the

analysis of free MTX on clinical therapeutic drug monitoring.

Key words: methotrexate; free concentration; hollow fiber; centrifugal ultrafiltration; therapeutic drug monitoring

A 22 1 7% ( methotrexate, MTX) & — & MR if 5
B 24, 007 B e R 0 SR B IR b B g 5
ARV IR B A AR B , HOR TP R UK 2 A R
JORE R o R K ) MTX (high dose MTX,
HD - MTX) wfrifify7 , HD - MTX Lo/l A L, (H
AR E A . R, HERE MTX R4 4 B 24
WREMIN S P ERSE A ilE BUE R 2 A RE 3
IRHIERT P ES PRCRZG A RSN , Wil MITX 3 B e
JIE b B R AR L A S v s 2R 4 s 0 D
(hollow fiber centrifugal ultrafiltration, HFCF — UF ) 3 &K
FALEIREA  Jf4 A RO Culra — high per-
formance liquid chromatography, UPLC) %57 A fil 3% A
MTX {7 B B o3 B 05 %, gl PR MTX 367 259 1
D FAS—h ot , 158 ) e D B

RIS R
1 ##
HEh MTX bR fE S, BUAS : B 400 mg, & &

99. 8% ,#iL5-:100138 —201606, H [E] £ it 25 i K E F R e
AT TSR i, FAS - B 100 mg, B :99. 6% 4t
5112060343 , AT R A MU 25 A BRA F A7

{8 UPLC H - CLASS i = &R AR (54X, 35
Waters 2> 7] 72 54310 KD HFCF — UF 2%& & ( hzs 4
HEBEEL 150 pm, 72 1000 pm ; HEIEBF I 5 7 em, N
££3.5 mm) LIRS AT R
2 MEFE

AT T3 2 e 5 AR PR AR ) e T b s
KEEHE R BE 24253 58 B o

BiE S Waters UPLC BEH Cff (50 mm x
2.1 mm,1.7 pm) , EHAH N HEE: 0. 05 mol « L™ B2
AP (BERR YA pH 2 6.2) = 17: 83, Kl P K
302 nm, fE A 30 C, AN 2 pl, WK
0.2 mL - min~',

BikElE FRECMTX X RS 11,3 mg F50 mL
By ZE st b, T I i O R R 2 B A5 3R EE Oy

500 wmol « L~ (G £  , /K B A 75 T, I 46— &
G bR e % W, e B 200, 100,50,20,10,.5.2 F
1 pumol « L™", FREUEASMEXTHE A 25 mg, il A100 mLfY)
R FUKIE R B4 FR5115250 pg » mL™!
IRV, FKFRBEN2S g - mL ™" B4R TAE
VA, B MTX ZRBUARUER R 25 wl #1125 pg - mL™'
AR TAEW 25 pL, A %S F I3 38 450 pL, iR
WETRAT . il % e BE R 10.00.5.00.,2. 00, 1. 00.0. 50 .
0.20 F10. 10 F10.05 wmol - L™" MTX £&: 7 i if 3¢
R U8 VR A, [ RE 3 ) & R FE R 8,00, 1..00 Al
0.05 pmol = L™"fyy MTX If 34 & R A FEAR .

MmERFEMSE  PUMKFEA 475 wL, A N5
(25 pg - mL™ B Ay mE) 25 pL, iR ETR A, BT
HFCF - UFZE & 2 20 45 (15 em) F7 A% U B4
AU, FE 2.4 x10° xg FEG 5 min J5, A
SPANGE T A A1 Y B P ) R IS VROE A T as SRR 5 —
vigdfe TR IR BT UPLC 43047,

3 FAiEFWIE

TR 25 MR IR 2 R D bR
BEAS I R B IS AR 42 BRI 2R o b P 5 R A 7
UPLC, 3 Hr i i a3 1

trEMZ S EE TR (lower limit of quantifica-
tion, LLOQ)  J " ¥ W il & 7 T 1 e il i v B2 Ry
10. 00 5. 00.2.00,1.00.0.50.0.20 #1 0. 10 F1 0. 05
pmol + L") MTX £ M4 ofie I 8 & AL A, 52 1.
FAE TP J7 AL B S 54T UPLC 43 B, LAAH R Y
MTX FIAFRIERIFR L (A, /A, ) X BE (C) HEAT Z 1 1]
53 HT, 15 MTX i 85 Wk B br i bt fl e o LA
W LUk 3 R0 10 43 3338 MTXC i 25 3k B 43 A %) el FiR
(limit of detection, LOD) F1 LLOQ,,

BEESEWER B W &S k.
B 3 AN HREE (0.05.1.00 F18.00 wmol - L") (1
MTX G4 I 5 68 U R AR, 430 4 I A it Ak 3L
RG24 UPLC 43, B MR EEE S 5 1y, 1T IR
TR SebrdE th et B LS B UM FLSCv i
PRV UL (1) A T35 2% B ARG ISR . 76 [l — A



550

v [ IS

Al M4 2025 4F2 3 (AR 426 1)

SETHEN , DhBr AR g AR b5 3 ANV EE At RS
BE AN ) 3 /I\ﬁ*ﬁ?ﬂjlj\],fr%ﬂtlﬂﬁﬁfio iU
WA UT Dy kil A 3 D RBERY MTX 5445 1M ¢ ke
TEWREAS B U FE TR 45 5y, 4% B IS i 4 27
BRI, #47 UPLC 4307, FIeis iy s T AR5 A0 0L 9K 2
TEWUREAS LR TS 0 T AR LE RS BRI TSR

REM LW IUT JriE A 3 N
FA) I R VR T AR A fE & il & 12 b, TP
MraEfifaett, 78 -40 CF%ES: 3 MNMEIEH, 1T
W RRIIE I R E T . 7E -40 CTHE 21 d, i T%
BEVKGRRRENE . FEAKL PR S 2 RE 8 h, JHT%

FERCE R E . DY H BEAT bR it & 55 i

#ZIKEP MTX (9 B, IF TH5 MTX I 3% 8 18
FEREAZE bR 5 A A B il 75 5 52 v 32 18 R X s
{22 (relative standard deviation, RSD) .

EFF R 3 FhA[E] B 1Y s 27 4 (R
X SR A I AR AN R NI I ) 28 8 R e S M I
W AT WU Jr kAR b 3 R E
(0.05.1.00 1 8.00 wmol - L™") i il ¢ 8 U8 WA A
2 HFCF - UF Ji5, g as R 4E N B SMs AT
UPLC 23 #7, 5 R 28 HFCF - UF b Pl # $% ¥ 1T UPLC
Sy BT A AU TR L TR [Tl
4 FHiEFENHA

AT L I BERL R 7 55 BE B A PR G 2t

VE (S HIHES 12024 — R095) , ¥EHL 2019 4F 9 H % 2021
A2 H T FRBELBHFI I i N G 5 MTX AR 7 11
32 BB E (515,20 17) 1Y 52 DA 4RI 1 ~65 %5,
TALITIS 48 h 5{ 72 h 96 h it ikifl 2 mL F54
EDTA i # 77) i) R ML H L 76 4.0 x 10° x g FE L
5 min, 1551 9 100 AE AR 48 S F A ST A A R TR
MTX BT 4% AR F9 AR S8 T At 7 1 617
BB HT o

# R

1 FiEFEGM

TRMY TEARE AT W MIX FINFR 5245
WAy 7 R, FLETE AT, NI A T 7 , MTX
%HV\]*TE’J% nHﬂEﬂﬁi}'iJUj‘j“ 1 F13. 6 min, I} A1,

REBESEETR MK PiFE MTX &
0.05 ~10.00 pmol + L™" Y FEE N X R B IT,y =
0.297x +0.001 (/= 0.999, X &FEHF 1/C*), MTX
I 253 BE 434 9 LOD AT LLOQ 434 4y 1. 25 x 10 > il
0.05 pmol + L™'

BEESEWE  MTX ek 5o 5 22 A
FE% R R4, #E N AL [E) K % B RSD BN T
7.0% 5T, HPAR(1.25 pg - mL™ Balms)
R 97.3%

N W W)

0 05 1015 20 25 30 35 40 45 50

1/ min

B 1 IS (MTX) By i ROBAH 3 12: (UPLC) (535 51
Figure 1

A: Blank plasma ultrafitrate; B: Blank plasma ultrafitrate spiked with 2 pmol - L~

1. Peak for internal standard; 2; Peak for MTX.
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Ultra — performance liquid chromatography( UPLC) chromatograms for methotrexate ( MTX)

'MTX and 1.25 pg - mL~'internal standard; C: Clinical plasma sample;

Table 1 The recovery and precision of MTX free plasma concentration analysis were detected by UPLC

Intra — day precision(n =5)

Inter — day precision(n =15)

, Relative Absolute
C(pmol - L77) Measured RSD RE Measured RSD RE
recovery( % ) recovery( % )
(p,mol’L’l,xts) (%) (%) (p,mol'Lfl,xis) (%) (%)
0.05 0.05 +0. 00 3.92 -4.01 0.05 +0. 00 6.50 -1.26 95.99 92.93
1. 00 0.96 +0. 01 1. 16 -4.23 0.95 +£0.02 1. 65 -4.82 95.77 84.09
8.00 8.04 £0.04 0.45 0.52 8.18 £0.12 1.51 2.20 100. 52 90. 82

RSD: Relative standard deviation; RE; Relative error.
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