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Determination of Methotrexate Concentration in Human Plasma by HPLC 
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ABSTRACT: OBJECTIVE  To develop an HPLC method to determine the concentration of methotrexate(MTX) in human 

plasma. METHODS  Theophyline was used as the internal standard. The analytical column was Agilent Eclipse XDB-C

18

 

(4.6 mm×250 mm, 5 µm). The mobile phase was phosphate buffer solution with pH 6.6-methanol(82�18). The UV determine 

wavelength of MTX was 306 nm and theophyline was 254 nm. The flow rate was 1.0 mL·min

−1
, and the column temperature was 

30 .�  RESULTS  The calibration curves of MTX were linear at a concentration range from 0.03 to 1.65 µmol·L

−1
(r=0.999 9) 

and 1.65 to 66.08 µmol·L

−1
(r=0.995 8). The intra-day and inte-day precision were both less than 5%. The average method 

recovery was 97.6% and the average extraction recovery was 68.5%, with a lowest limit of 0.03 µmol·L

−1
. CONCLUSION  

The method is sensitive, accurate, wide linear range, suitable for plasma concentration monitoring of MTX. 
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Agilent1200 ��������� (��

Agilent��)��� AgilentG1322A������

G1311A G���G1329A �$� p�G1316A

¡¢£�G1315D oYpT2 Agilent1200 ¤%¥
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2  ����	 

2.1  ��ÂÃ   

��¡«Agilent Eclipse XDB-C

18

(4.6 mmÄ

250 mm�5 µm)ÅÆ$�«º�»ÇÈ�(pH 6.6)-

�µ(82É18)ÅoYz{«306 nmF 254 nmÅÆ

�«1 mL·min

−1
Å¡¢«30 �! 

2.2  Ê�Ë� 

2.2.1  +§¨Ê��Ë�  ÌÍÎÏ MTX +§

¨�E�ÐÆ$�|EÊ^ÑÒ�ÓZ[¶

660.8 µmol·L

−1
�+§¨Ê��Ô ! 

2.2.2  �xÊ��Ë�  ÌÍÎÏ®+§¨�

E�ÐÆ$�|EÑÒ�ÓZ[¶ 64.50 µmol·L

−1

�Ê�! 

2.3  R¾ ¨Õe}`    

ÌÍÖÏcdR¾ 0.3 mL�Ð×®�xÊ

� 50 µL�ØÙ 10 s�Ðst 1 mL�ØÙ 60 s�

16 000 r·min

−1
ÚÛ 10 min�ÖÏÜ¾� 1 mLÝÞ

�ÚÛß°�60 �à�áâ�ãä Æ$� 120 µL

Ê^�ÚÛ�Ü¾��åæÏ 20 µL� ! 

2.4  çè8éê     

iëÏ½QR¾.x�R¾(½QR¾+MTX

+§¨Ê�) ¨2cd #æ�R¾ ¨�ì

í2.3îïð}`Õeæ� i¼!MTX añW

ò 14 minóô��x±®�añWò 11.7 min

óô�õdö÷øùúiÚ[?��ûü 1!ý

 ¨R¾ü�9û�þ8±�.J� #(G
�

�H.����.���	)�
Wò����

ö���TÜ��+ MTX F�x±�Y|�

â�! 

 

� 1  ������� 

A−¯#°äYB−×Ø°äYC−¼²°äY1−åæçèY2−éê 

Fig 1  HPLC chromatograms 

A−blank serum; B−serum standard; C−serum samples; 1−MTX; 2−teophylline 

2.5  x���2�8��     

Ï MTX+§¨Ê��E� ½QR¾ÑÒ�

ÓZ[ië¶ 0.03�0.07�0.16�0.66�1.65�6.61�

16.52�33.04�66.08 µmol·L

−1
� MTXx�R¾ 

¨!ìí2.3îïð}`Õeæ� i¼!T MTX

Z[(X)¶��x�MTXö���®ö����

�¶��x(Y)��x����¶U !(�"x

���i#Z[F�Z[ 2 ��$�8%&�'

%&}( Y

1

=0.548 3X+0.001 7�r=0.999 9 F Y

2

= 

0.604 2X−0.073 6�r=0.995 8!)� MTXoYZ[
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ië� 0.03~1.65 µmol·L

−1
F 1.65~66.08 µmol·L

−1

��8*�?��+#oYZ[¶ 0.03 µmol·L

−1
! 

2.6  ,|8-m 

Ë� 6&Z[� MTXR¾ ¨(0.03�0.16�

0.66�6.61�16.52�66.08 µmol·L

−1
). 8/�0°

4/Ý�1¢a2 12�24�48�72 hæ�3ìí2.3î

ïð}`Õeæ� i¼�4567�' 6 &Z

[� MTXR¾ ¨ RSDië¶ 3.42%�4.82%�

4.13%�4.09%�3.88%�3.57%!Þ 4 /�−20 �
ÂÃð82 1�3�7�10 d æ�3ìí2.3îïð

}`Õeæ� i¼�4567�' 6 &Z[�

MTXR¾ ¨ RSDië¶ 4.81%�4.15%�3.67%�

4.59%�2.78%�3.97%! 

67)�� MTXR¾ ¨�1¢ð9Ý 72 h

�−20 �82 10 d��Y|67��:;¤�

�� MTX R¾ ¨�Ü<=2ÂÃð5>��

,|8! 

2.7  ÌÍ[-m 

Ë� 6&Z[� MTXR¾ ¨(0.03�0.16�

0.66�6.61�16.52�66.08 µmol·L

−1
)��?@�Y

| 6A MTXZ[�4567�BC@�ÌÍ[Å

D@Y| 1A MTXZ[�EF 6 d�4567�

BC@òÌÍ[!67û) 1! 

� 1  �	
���(n=6�

sx ± ) 

Tab 1  Precision of test results(n=6, 

sx ± ) 

K�ëìÙ K+ëìÙ 

×íîÙ/ 

µmol·L

−1
 

���/µmol·L

−1
 RSD/% ���/µmol·L

−1
 RSD/% 

0.03  0.028 8±0.002 2 4.89  0.030 5±0.002 5 4.93 

0.16  0.159 3±0.004 7 2.68  0.160 3±0.008 7 4.07 

0.66  0.672 3±0.027 3 2.58  0.673 2±0.029 2 3.11 

6.61  6.566 5±0.154 5 4.19  6.578 3±0.140 3 4.10 

16.52 16.033 3±0.764 3 4.15 16.076 2±0.884 8 4.65 

66.08 65.952 8±2.212 2 2.33 66.033 7±2.618 3 2.68 

2.8  %GH-m 

Ë� 6&Z[� MTXR¾ ¨(0.03�0.16�

0.66�6.61�16.52�66.08 µmol·L

−1
). 6/�ìí2.3î

ïð}`Õeæi¼� �45 MTX ö��¶

M

1

��I§x���BCY'��TY'��Ð

×�J��¶}`%GH(R

1

)!Þ ·Ê�Ë�Ó

.Z[� MTXF�xÊ��KL� �45 MTX

ö��¶ M

2

�Tö��J� M

1/

M

2

�¶MÏ%G

H(R

2

)!N�}`%GH 97.6%�N�MÏ%GH

68.5%�67û) 2! 

� 2  ������(n=6, 

sx ± ) 

Tab 2  Recoveries of test results(n=6, 

sx ± ) 

ËÌ��@ ïð��@ 

×íîÙ/ 

µmol·L

−1
 

R

1

/% RSD/% R

2

/% RSD/% 

 0.03  96.2±6.2 4.75 65.2±3.6 3.48 

 0.16  96.5±3.3 3.29 69.0±4.7 3.82 

 0.66  95.6±2.9 3.17 66.0±3.8 3.59 

 6.61  96.9±3.7 3.58 70.2±5.2 4.67 

16.52 100.4±5.1 3.98 71.9±3.4 3.25 

66.08  99.9±3.8 3.64 68.8±5.5 4.80 

2.9  =O8-m 

ÏP�cd�R¾ ¨ 6 /. 0.3 mL�ì

í2.3îïð}`Õeæ� i¼�45ö���

I§x���BC MTX QE�67 6 / ¨�

RSD¶ 1.42%�)�}`�=O86�! 

3  ���� 

,O�cdR�S�40 T�UVWX MTX 

14.0 g�Y#æ 18 h YZG
��H[^_��

MTXY#æ 24�48�72 h\ÏUVR 2 mL�Ï

R¾ìí2.3îïð}`]�!67Y' 24�48 h

� MTXZ[ië¶ 1.80�0.08 µmol·L

−1
�72 h�

MTX Z[#�oY^�³_ MTX R#Z[#�

fgZ[

[2]

�9T`aG
��H^_�bcdc

�d�:>?@A!,O�cde�f�16 T�

UVWX MTX 13.5 g�Y#æ 18 hYZG
��

H[^_!Y' 24�48�72 h � MTX Z[ië

¶ 9.16�0.44�0.11 µmol·L

−1
�³_ 72 hR#Z[

g��fgZ[�hFi G
��H^_��

MTXY#æ 96 hY'R#Z[67 0.03 µmol·L

−1
�

jkl6¶fg����`a^_�cdmno

pq.rÛsc�d6<=>?@A! 

4  �� 

MTXR#Z[D Y|}`5tuvwxy

`.HPLC z

[3]119-120

!{d-�|}~�ú MTX

��:±�2�9�ioY67v�!HPLC�"

MTX�0��:±iÚ�ç�8��q)8��

67�������dr HPLC��j��! 

D �R �Õe}`5KLuv`.�-

�MÏ`.Ú���MÏ`

[3]123-124

�TKLuv

`+¶��.l !���wQuv�W���

��r ���F�����¶uv�

[4-6]

��d

lm�d	duv ¨��ü��ö��ú��

x±F MTX ö�iÚ�7>��ælm��d
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�µuv>2st�g�²T� st�¶wQ

uv�! 

lm°�d��ÇÈ� pH ��*�MTX ö

�añWò�*�� pH�� 6.6W�MTXö�a

ñWò�°�ö÷6��ú�0��þ8±�ö.

MTX��:±ö.Ê�öz�>â�!³Ï��

ö��s��u���d MTX�+*ÖGz{¶

306 nm!����x±W�� ���.�� 

zlm��d0añWòië� 5 minF 7 min�

��þ8±�ö¡Ð!æ�d®� 254 nmÕ5

+*ÖG�ú>¢0�±�â��n DADoY

p�q£�"oYz{�¶ MTX 306 nmF®

254 nm�³�¤oY¥¦[�67§¨! 

*�EMTXËJG
��H[^_�©{,

O�¤L°+=j�}ªJ�!*�E MTX �³

�L��PW�¤L>?@A�«J¬Ð�5��

[7]

1*�E MTX �¤L®¯HL° 6%!��[2]

\��MTX �Z[± 24 h>10 µmol·L

−1
.48 h> 

1 µmol·L

−1
.72 h>0.1 µmol·L

−1
�59��d>9²

�>?@A!�
��*�E MTX ¤L�(°A

rÏ�³´jµ¶T·9�U >?@A��;!

G
��H[^_�k#*�EMTX>?@A�

=j¸�!�d¹º��*�E MTX U»6¼æ

18 h½¾iAYZG
��H[^_�̂ _�E�

¿¶ q6hnÀ 15 mg!+MTX #æ 24�48�72 h

R#Z[�$oY�Á*�fg��Â¬ÐG
�

�H[�^_A�2�E�´jWÃ¶UV»W�

Kl MTX Z[kl6fg����PW�$®¤

Ä��iÄ pH�>7TÅ�MTXÆÇ�ÈaMTX

�'�É�ÊÓ>9²�>?@A! 
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−1
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