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Abstract: Methotrexate (MTX) is a therapeutic drug that is widely used in clinic for treatment of a
variety of cancers. However, MTX has limited selectivity and serious cytotoxicity, at the same time,
there are problems such as narrow therapeutic window and large individual variability in metabolism
and excretion of MTX. Therefore, blood concentration monitoring is required for MTX administration
in clinical practice. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) has the

advantages of strong specificity, good separation characteristics, high sensitivity and fast detection
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speed, which has become the internationally recognized ““gold standard” for blood concentration
monitoring of drugs. In this study, an isotope dilution mass spectrometry method was developed for
accurate measurement of MTX in serum by the house-made QLIT-6610MD quadrupole-linear ion
trap liquid chromatography-mass spectrometer. Unlike the traditional triple quadrupole QqQ tandem
mass spectrometer, the quadrupole-linear ion trap (Q-LIT) mass spectrometer adopts the quadrupole-
linear ion trap direct axial coupling design, i.e., a single linear ion trap is used to replace the QqQ
tandem mass spectrometer’s back-end fragmentation cell and the quadrupole, and no other
components are installed between the quadrupole and linear ion trap, which greatly streamlines the
quality and efficiency of the mass spectrometer while ensuring the original performance of the
instrument. With this unique configuration, the QLIT-6610MD instrument uses a simultaneous
fragmentation and accumulation technique, which remarkedly reduces matrix-induced interferences
and effectively reduces space charge effects. Serum samples were pretreated with methanol to
precipitate proteins and the supernatants were measured by QLIT-6610MD spectrometer. The linear
correlation coefficient (R*>0.999 0) is obtained for MTX in the range of 10-5 000 pg/L. The limit of
quantification is 10 pg/L. The precision of the quality control is better than 6.94%, and the recoveries
of spiked serum samples are 86.39%-97.84% with a coefficient of variation less than 8.04%. We used
the QLIT-6610MD and AB QTRAP 6500+ liquid chromatography-mass spectrometers to analyze 70
clinical serum samples for comparison of the performance of the house-made instrument by means of
Pearson’s coefficient and BLand-ALtman method. The results showed that the QLIT-6610MD mass
spectrometry achieves a similar level of performance to AB ATRAP 6500+ instrument, and provides
a new domestic instrument option for clinical mass spectrometry. In addition, this study explores the
possibility applying the multi-stage fragmentation technique (MS") to determine MTX in serum,
gaining fundamental data for future studies.

Key words: liquid chromatography-tandem mass spectrometry (LC-MS/MS); isotope dilution mass

spectrometry; quadrupole; linear ion trap; methotrexate (MTX)
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1.1 U5k

QLIT-6610MD ¥ AH {6, 33 - 5 156 i i R 4. &
O K B2 97 2% A B2 | P A AB QTRAP

6500+ A 4315 - ER B B3 R 45 S 1H AB Sciex v
FI P iy AL204 HL 0BT RF: Fifi -t Mettler Toledo
2% T b 5804R B vy V% R B 0 Bl 18
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AR DL IR AR 25 i i A BR A ®] 77 N-EVAP
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1300TD BY#A 7 1% : HE [ PRIMA 23 7] 77 i 5 o
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9146A FLAIE RS X T IRAE : LK % i i &
AR\ s KA : # E LG 28 w6 77 s Milli-Q
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2k i A 5 WIS 6 7 s HY 204 -D3 AR i e b
T B E AR R B /7 HEE L 2L W
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FRy R . LR ¥ R ik 4k, 55 [ Sigma
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1.2 &i&EH
121 MEFEARESMHEH  IRE AN MEFEA
HA/NT 500 pL, T80 °C P-AF . MARIERE 5
32 B R v B R M, SR T vkaz B, 4l R
FEE M T 1 he
1.2.2 ARUEV IR A RS 2 PRIBGES & 09 T A
WS FH 20 mmol/L NaOH 7K ¥ W i& it 2 5 g/L,
4 °C HERAE, o PRI mg FH 2% -d3 5
HE &, A 0.5 mL 20 mmol/L NaOH 7K i
WO i, 1531 2 /L F 2 08 -d3 A A T . TR R
10 pL 20 e 05 -d3 fiff A5 W, W BE G R &
200 mL, £33 100 pg/L H &84 -d3 INFRIE T, 25
HEIRRAE, &
1.2.3  ARAEITZRE G H A R 10 pL H A8
W fif 2 YT TRl — EP 48, JF A 990 pL H -7k
Fi B (10 : 90, V/V), 1331 50 000 pg/L H 2 4
B o b TAE VW, SR T FH G R T 4k S e 15 2
50 000, 10 000, 5000, 1 000, 500, 100 ug/L #5 i
b RSN . o BIWE 10 ul B o 2R S0 T
BTN EP 4, A 90 pL A% H Ifil
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124 FiErERHI A WO 10 pL F 2R 6E
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TAEW, SR 5 FH W B W 4k 21 % B 45 21 45 000,
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P TAEWCFATECH 6 3 o 43 W B 10 pL T 4%
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1.4 LC-MS/MS &

1.41 QLIT-6610MD (& 414 K A4 C18 {4
FE A (150 mm=4.6 mmx=5 um), Vi 840 N 0.1%H
iz 7K W T (A)F 0.1% M g FY B %5 W (B), Uit 18
0.6 mL/min; F£ 17 40 °C; £ FEPENL AR : 0~1 min
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FEFHAM(QTPIS) 5 2%+ B 4144 (QTPIS");
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Table 1 Mass spectrometric parameters
- LIT-6610MD AB QTRAP 6500+
ey AT TET SRR @ T s x e IRERAIT
H Parention  Daughter ion R g WA RE IR filfAE R LEEalingla]
Compound (mlz) (mlz) Enrichment 24 Pragmentation  Declustering  Collision Dwell
. Point .
time/ms energy/% voltage/V energy/V time/ms
MTX 4552 308.2 300 0.3 25 73 27 100
MTX-d3 458.2 311.2 300 0.3 25 73 27 100

1.42 AB QTRAR 6500+ A% £ F R 1.4.1 75,
JR i S FRIESE B TR, IE B TR, 2R
I (MRM) #8855 FEL S 25 L TR 5 500 V, 85+ 5 IR
J& 450 °C, 4L R 5 380 kPa, ff B A< R 58
345 kPa, <77 K 3 240 kPa, filf 48 i 85 %N
Medium, HAR RTS8 F 45 1.

2 ZER5iTiE
2.1 LC-MS/MS 7ikBy#EsL

R SRR IE, R W RS . LR
A BT ESI AL B RCR, M0E (A% 188, 2
B B AT R PR S A A N . A R R MTX
TEHLIE S5 B IR N I B ROR, B4 T TR Bl
RZ UM R R B R . R B . TR B
XF MTX M i 5 B (9 52, 5 8RR TR 1. BT
2% vpERAE ESTUE P9 45 2% L far 1 AE ) 58 T MTX,
15 MTX & FBOR TR, [FE, 92 ohdh 45 dn 2
SR AR 2% o PRI, ) SRR s R S
IS [) e 88 e A B, i 7 56 38 2 T A B, L0
TEAE, Rt 2. MImA 0.1%F FRET, i i
5 ¥ 5 R E MR 0.05% ) TR A 85 KR TE
B Fifi 25 Y I e B 1 2 e, i) 07 58 J3E 5 R PR AR

%, XA fig 2 T MTX /) pK,=3.04, B 25 i 1
B, pH B R AT, MTX B T Ib 8GR BT, S 380L
M) 17 5 B B AIG, R AR 22 0 5 4LER N 0.1%H
FRAA L, FEUEEERD EWS N 2 mmol/L Z gk 5, MTX
(14 M 1 5 B AR A 4R o, S € i e A i, AR
B A 0.1%H BRET, WEIE I BEXTFR, H e fi

100

Intensity/%

H: A. 0.05%FA+MeOH; B. 0.1%FA+MeOH; C. 0.2%FA+MeOH;
D. 0.5 mol/L H! {2 4% +MeOH; E. 2 mol/L Z iz #+MeOH;
F. 0.1%FA+2 mol/L Z.B2#+MeOH

1 REFEEhEZT MTX 05252 #5010
Fig.1 Effect of different mobile phases on the
intensity of the MTX response
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B RS KRR D 3 B b & RSB EIE il
HL/NBT, P ER Y RS mIRZEAEMT
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B, B FAb T A A ER RS, PRRRORIAIR,
B bt T A 24 BB i, H AR e R R R AR
A B RS g s BN, H bR 4 e I 5 B R
M g JSAE N 030, BEZLRE RN 25%0F, MTX i [
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Fig.2 Optimization results of MS/MS parameter
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Fig.3 Extracted ion chromatograms of MTX by QLIT-6610MD
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{H, JEBCE T @ik R T 4.
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E
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Fig. 4 Extracted ion chromatograms of MTX by AB QTRAP 6500+
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PR TEY A AR T e, R @ A%

A

x10°
455.2>308.2 b

2.0

Intensity
=)

o
n

0 1 2 3 4 5 6
t/min

5 ZTHMB(a) SR AME(100 pg/L) (b) EFEIEE

Fig. 5 Extracted ion chromatograms of blank serum (a) and serum containing control (100 pg/L) (b)

222 FEFRRON CRFEIR 1.2.3 F5ECH A 100 pg/L
VEFUARE S IR A, 25 A ML T IR 1.3 7
JriEACERS, B 400 uL LI JILA 100 uL 500 pg/L
TAEW, IR A5 133 100 pg/L JE 5 DT BE bR v i,
BIVA W B. “FATR I K A AW B 9 Ik, LAKE
st ~F- 357 0 TET L LA B R T A8 (356 Jo Ry =
W B W T AR M A D TET AR < 100% ) o 25 SRR,
LR R 50.77%, 78 5 RAEL(CV) H 1.59%, 17
FER A BE RN o PRIk, 36 FH 6 O DG A o ol
LT E R

223 MEKLFR DI UCECAR SR E H R
AR R (), i JBT DC E A o i 55 P9 A 04 T AR L

F AR bR () BE AT 260 B0 UH 20 Hr, 2R bE T R ol
¥=0.173 0x+0.120 1, Z& 40 56 R B (R®) 7 0.999 0,
45K T3k 2.

224 KEE M CVERKEE, FAre
3R 1.2.4 15 £ B QC FE i, K% EAE 0.95%~
6.94%70 Fl N .

225 EmR FEW R EE D E 5K TE R
CV<15%M 1 B0 T, LA 10 1% 15 M o (S/N) 5 /&
MTX 1 7€ & FR (LOQ) 24 10 pg/L, CV<5.68%, ¥
T2,

2.2.6 WERGIE  EHIIRICR (RE) 2R 10 B, 4%
MR 1.2.4 3L MTX ¥ 24 20, 450, 4 500 pg/L
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Table 2 Results of methodological corroboration
SR RZBCV/%
sepp e TOCRE e il _
&y T " Correlation "= ** Linear PR {952 B w3
Compound Llne?r coefficient LOQ/ range/ Extremely low quality ~Low quality Medium quality ~ High quality
equation (R?) (ng/L) (pg/L) control control control control
(10 pg/L) (20 pg/L) (450 pg/L) (4500 pg/L)
X ki ey it A 11 L1 I 7 R 11 [
MTX y:g-gg(l)ﬁ 0.9990 10 10~5000 (#=3) n=6)  (n=3) (n=6) (n=3) (n=6) (n=3) (n=6)
’ 1.99 4.97 1.59 694 0.96 1.70 0.95 0.28
(9 QC A iy, 5 Bl e B2 AT KL 6 1y, 5 IR 1.3 2.2.7 ML AE A AR E R A R

7 vk AT RE SR A R[] 2 A 86.39% ~
97.84%2 [H], CV<8.04%, %I T3 3.

R3I FHEEREER

Table 3 Examination of extraction recoveries

F IR 8 P N S VR R AR A T P % I Y R
(8 2 28 P, T 458 S 30 1l 45 IR (20 pg/L) .
(450 pug/L). 1= (4 500 pug/L)3 Nk QC IfiL V4 kE
i 6 o RS MR QC IMEFE& T 20 <C
HE 24 hJE, D E MTX W, 15 8] CV<1.63%;

ey QUi R AR R ot e e e .
A A RE 7 QC Ly -20 C 7
Compound QC concentration/(pg/L) RE/% CV/% KR E PR A Q . L 75 £ i E ¥ . K HH
BURIZWN 28 KJF, Ml MTX W EE, 53] Cr<
MTX 20 88.55 2.67 Ve NN
4.49%; S5 VR bR E PE 2 QC I IE FE S BT
450 97.84 485 R EAL T B 20 C VKARR IR, T 3K
4500 5639 S0 JErRE MTX WeBE, 7351 CV'<<0.68%, SLH4h 41T
4, AU, REEPEREUEI LR YRR TR EOR
F4 REEIHER
Table 4 Results of stability test
FORRENE KIS ET: =R R e e
ey bidicy Short-term stability Long-term stability Repeated freeze-thaw stability
= i IS SR Sie]
Compound  CORCSHERON S S oo S R
/(ug/L) Measured value CV/% Measured value CV/% Measured value V%
/(ug/L) ‘ /(ug/L) ‘ /(ug/L) ’
MTX 20 19.85 1.63 17.74 4.49 18.56 0.84
450 434.55 0.79 43437 1.63 425.50 0.67
4500 4288.54 1.05 4329.97 1.29 4132.82 0.68

2.2.8 RV IUE  ARWESE b AR A I T
B o K A 8R40, DR L %5 2 B i s B 40 %
R 1) 5 B RO o 3 2o L R R R I 1A S Ak
55 E R FBR (5 000 pg/L) i 25 5, B 5iFFi B
BN AEAS Ty s P A T . 5 SRR, A RN,
(RS % B (n=6) A 2.34%, S JiE 2 (4 804.18+
112.33) pg/L, HERAIE N—3.91%, FFE T A 5K
PRI, KA 0 R S AT 000 S AN 52 ) 7 325 T A 7
PEFHERA P
23 AEWIE

AR L v R A X AR O VA AT I
E, 25 350 T3 50 W 25 5 00 vk o B 4 AE

{5 £20%M , QLIT-6610MD #i1 AB QTRAP 6500+
IR R G E S5 R CV 118 0.83%~2.96% .
0.57%~6.70%, 2% IS J5 1 Al ] &
2.4 SEBREEAR T
* J QLIT-6610MD I AB QTRAP 6500+

B T A 72 70 9 NI AR AR, 5 SRR
T 6, MTX 1A 102.23~869.73 pg/L ZJa], fii
JH Pearson % %53 B 41 AH 5C M, QLIT-6610MD
F1 AB QTRAP 6500+ [A] (I AHC R %L R=0.998, Pi
2 AR W] B Y TE AR DG (P<0.01) . SR JH Bland-
Altman 73 #7804 — B0k, 45 8 n T/ 7, 5ds 7
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