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SUMMARY 

A rapid, sensi t ive,  inexpensive and specif ic  method f o r  ident i f icat ion and 

quan t i t a t ion  of me tho t r exa te  p re sen t  in  pharmaceut ical  dosage f o r m s  or  in bulk 

drug is described. Me tho t r exa te  is completely sepa ra t ed  f r o m  i t s  dis integrat ion 

products  by reversed phase thin layer  chromatography on  silanized silicagel HF 

254. The solvent  system being c i t r a t e  phosphate  buffer  pH 6.0 : methanol  :: 

70 : 30. The bu f fe r  contained 4.62% of disodiurn hydrogen phosphate  and 0.7% 

c i t r i c  acid. The p l a t e  w a s  observed under sho r t  w a v e  UV and m e t h o t r e x a t e  w a s  

assayed e i the r  by dual w a v e  l eng th  densi tometry at 302 nm w i t h  a background 

co r rec t ion  at 333 nm or by measuring optical densi ty  at 302 n m  a f t e r  e x t r a c t i o n  

f r o m  the  p l a t e  w i th  methanol  : 0.1 N HCI :: I : I by convent ional  method. Supe- 

r ior i ty  of t he  proposed method over  HPLC and paper  ch romatograph ic  me thods  

i s  described. 

1933 

Copyright 0 1990 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1934 DATTA, ROY, AND DAS 

IN TFCODUCTION - 
Metho t rexa te ,  a cy to tox ic  fol ic  acid antagonis t  is widely used now-a-days 

in c a n c e r  chemothe rapy  (1). The drug is sensi t ive to h e a t  and l ight  and me tho-  

t r e x a t e  available as bulk ma te r i a l  o r  as pharmaceu t i ca l  p repa ra t ions  a r e  o f t e n  

con tamina ted  w i t h  deg rada t ion  products  and analogues (1,2). Since  t h e  usual 

dose of me tho t r exa te  is  high and somet imes  as much  as 10-15 g/day a r e  admini- 

s t e r ed  to pa t i en t s  (1,3), i t  is  necessary t h a t  t hese  con taminan t s  b e  d e t e c t e d  and 

m e t h o t r e x a t e  b e  assayed accurately in t h e  dosage unit .  Me tho t r exa te  is  usually 

analysed by paper  chromatography (PC)  ( 4 ) ,  or high pe r fo rmance  liquid ch romato -  

graphy (HPLC) (3,4,5). However  t h e  P C  method is t i m e  consuming and t h e  HPLC 

method,  though rapid and specif ic ,  has  a high operat ional  cost (6) and t h e  average 

t i m e  required fo r  assay of a single sample  is  about  one  hour (running time)(5) 

wh ich  makes  t h e  me thod  unsui table  f o r  analysis of a l a rge  number of samples  

at a t ime.  In this paper ,  w e  have r epor t ed  a s imple and inexpensive b u t  specif ic  

r eve r sed  phase pa r t i t i on  thin l aye r  ch romatography  (RPTLC) me thod  su i t ab le  

f o r  analysis of a l a rge  number of samples  accurately.  

METHOD -____ 

Apparatus 

TLC Scanner  - Shimadzu dual  w a v e  l eng th  zigzag scanner ,  model  CS-930. 

Spectrophotorneter  - Shimadzu UV-VIS dual  b e a m  recording spec t ropho tomete r  

model  Graph ico rd  UV 240 w i t h  OPI 4. 

HPLC Sys tem - Waters  H P L C  sys t em equiped w i t h  model  510 HPLC pump, 

model  6U K universal  injector ,  model  440 UV/VIS d e t e c t o r  

and Da tamodu le  7%5 recording in t eg ra t e r  w i t h  30cm X 0.4cm 

p Bondapack C-18 Icolumn. 

Ul t r av io l e t  Viewer - D e s a g a  UVIS system. 

Sample appl icator  - C a m a g  Nanomal  I1 wi th  I pl and 20 yl mic rop ipe t t e  w i t h  

holder. 
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METHOTREXATE AND DISINTEGRATION PRODUCTS 1935 

Table centr i fuge - Model Remi  8R  wi th  swing head, 5000 rprn. 

TLC p la t e  - 20 X 20 c m  coa ted  wi th  0.4 mm thick layer  of silanized silica- 

gel, E. Meck ( 60 H : 60 H F  254 ::Id w/w ) 

R e q e n t s  

Metho t rexa te  test samples  ( rnethotrexate  inject ion or  tablets)  w e r e  bought 

f r o m  local marke t ,  bulk drug of me tho t r exa te  w a s  received in  our laboratory 

for tes t ing and r e fe rence  s tandard of rne tho t r exa te  w a s  of USPRS g r a d e  (5 ) .  

Solvents f o r  TLC w e r e  of G.R. E. Merck g r a d e  and used as such. Solvents  

f o r  HPLC w e r e  of Lichrosolve E. Merck grade.  Buffer  solution contained 4.62% 

disodiurn hydrogen orthophosphate and 0.7% c i t r i c  acid, pH 6.0. 

Mobile phase 

1) 

2) 

Standad prepaation 

TLC - C i t r a t e  phosphate buffer  : methanol  :: 70 : 30 v/v. 

HPLC - C i t r a t e  phosphate bu f fe r  : acetoni t r i le  :: 90 : 10 v/v. ( 5 )  

Metho t rexa te  R.S. ( 5 0  rng) w a s  dissolved in 25 rnl of 0.01 N NaOH and 

t h e  volume w a s  made  up to 50 rnl w i t h  methanol. 

Sample prepaation 

Bulk drug : solution f o r  bulk drug w a s  prepared as descr ibed under  "Standard". 

Pa ren ta l  preparat ion : The  sample w a s  diluted wi th  0.01N NaOH t o  a metho-  

t r e x a t e  concen t r a t ion  of 2 rng/ml which w a s  f u r t h e r  diluted w i t h  methanol  t o  

a f inal  concen t r a t ion  of 1 rnglrnl. 

Tablets  : Twenty t ab le t s  w e r e  finely powdered and t h e  powder equivalent  

t o  50 rng of rnethotrexate  was  shaken on  a mechanical  shaker  f o r  10 rnin. w i t h  

25 rnl of 0.01N NaOH and centr i fuged.  The c l ea r  supe rna tan t  (10 rnl) w a s  di luted 

wi th  methanol  to a f ina l  concen t r a t ion  of 1 rng/ml. 

The  s tandard or the  sample solution should not b e  stored. 

Acid and alkali degradation products 

Metho t rexa te  ( 4  rng) in 1 ml of 2(N) HCI or  I(N) NaOH w a s  hea ted  i n  a 

boiling w a t e r  b a t h  f o r  30 rnin., cooled and diluted wi th  methanol  to 2 rnl. 
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1936 DATTA, ROY, AND DAS 

Heat and light degrdation products 

H e a t  and light degradat ion products  w e r e  prepared as suggested by C h a t t e r -  

jee & GalleHi (3). Methotrexate  (10 mg) was dissolved in 5 ml of 0.1 M ammo- 

nia-ammonium bicarbonate  buffer  pH 8.3, t aken  in an ampule, sealed and heated 

at 85OC f o r  10 days ( h e a t  degradation) or kep t  under  a f luo rescen t  light at room 

tempera tu re  f o r  1 week  (light degradation). The ampuies  w e r e  then  opened and 

the con ten t s  w e r e  di luted t o  2 volume:; w i th  methanol. 

- PR,DCEDURE 

For assay by scanning dens i tome t ry  I @I of t he  test or s t anda rd  preparat ions 

w e r e  applied as compac t  spots  10 rnm apa r t  on an imaginary line 15 m m  f rom 

one  e d g e  of t he  TLC plate. The spo t s  w e r e  dr ied i n  a c u r r e n t  of air. The p l a t e  

w a s  developed up to  50% of t h e  t o t z l  length of t h e  p l a t e  in usual way  in  f i l t e r  

paper  lined tank previously sa tu ra t ed  wi th  mobile phase f o r  1 h and containing 

15 ml of t h e  mobile phase in e a c h  trough. Af t e r  deve lopmen t  the  p l a t e  w a s  dr ied 

in  a c u r r e n t  of air and me tho t r exa te  (or t h e  contaminants)  spots  w e r e  visualised 

under short  wave  ul t raviolet  (UV) Lamp and ident i f ied by comparing wi th  Rf 

value of t he  standard. The p l a t e  wa ' i  t hen  scanned in  the  dens i tome te r  w i th  lini- 

ar izer  set t ing a t  X = 3, back ground scanning wave  length at 333 nm and sample 

scanning wave  length at 302 nm. Othe r  p a r a m e t e r s  w e r e  set as w a s  required 

f o r  t h e  ch rom atogr  am me. 

To study the  l inear i ty  of a r e a  values wi th  concen t r a t ion ,  s tandard solutions 

containing 0.5 mg/ml t o  8 mg/ml w a s  e s t ima ted  by t h e  above method. 

To study the  solvent  sui tabi l i iy  and resolut ion,  t he  dis integrat ion products  

prepared w e r e  chromatographed and clocurnented by dens i tome t r i c  method. 

For  spectrophotornetr ic  assay a f t e r  TLC, 20 yl of t he  s t anda rd  and t h e  

sample solution w e r e  applied as s e p a r a t e  5 mm wide  bands 15 m m  apa r t  on  t h e  
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METHOTREXATE AND DISINTEGRATION PRODUCTS 1937 

TABLE 1 

Assay value of Metho t r exa te  (pe rcen t  label claim) p resen t  in 
Pha rmaceu t i ca l  dosage f o r m s  or i n  bulk drug 

obtained by t h e  proposed and off ic ia l  methods 

Sample Proposed method Official methodbpc 
Numberd 

TL C HPLC 
Densi tometry Spectroscopy 

A v e r g e  SDd Average SD Average SD 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

111.16 1.32 

108.47 1.52 

109.68 1.36 

110.00 1.88 

100.00 1.65 

98.52 1.80 

106.04 2.07 

101.07 1.48 

112.10 

107.90 

109.60 

109.20 

100.00 

98.62 

106.59 

100.48 

1.36 

0.54 

0.00 

0.82 

1.65 

1.08 

1.74 

0.96 

112.52 

107.41 

110.45 

108.96 

100.00 

98.10 

106.19 

100.87 

1.96 

1.66 

1.95 

1.34 

1.41 

1.80 

1.04 

0.31 

a. 1,2 and 3,4 w e r e  injections ( 25  and 12.5 mg per  ml ), 5 and 6 bulk drug 
received f o r  testing and 7 & 8 t ab le t s  (2.5 rng per  tablets)  

Average of 6 independent determinat ions b. 

c. USP X X I  (5) 
d. Standard deviations. 

TLC p la t e  which w a s  then developed and visualised as above. The me tho t r exa te  

bands were  marked and scrapped into sepa ra t e  15  ml s toppered glass centr iguge 

tubes. Methotrexate  was  then  ex t r ac t ed  f rom silicagel by shaking with 2 X 2 

ml of 0.1 N HCI : methanol :: 1 : 1 on a vortex mixer fo r  30 sec. followed by 

centr i fugat ion e a c h  t ime  at 1000 g f o r  5 rnin. Optical  density of the combined 

e x t r a c t  of e a c h  sample w e r e  measured at 302 nm. A blank obtained by ex t r ac t ion  

of t he  adsorbent f rom an a r e a  equivalent  t o  respect ive sample bands bu t  not  

containing any sample was used in t h e  r e fe rence  beam. 
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1938 DATTA, ROY, AND DAS 

'TABLE 2 

Lineari ty  of concen t r a t ion  of m e t h o t r e x a t e  wi th  a r e a  values  
obtained by densi tornetry a f t e r  TLC 

b Amount  Integrated area- 
applied ( pg ) Average* SD a 

0.5 49929 987 0.9998 0.9988 -0.01296 

I .o 96473 1171 (p<<O.OOI) 

2.0 195893 ;!610 

4.0 395640 11464 

8.0 705392 26718 

*Average of 6 independent  det ' s rminat ions.  

For HPLC, t h e  me thod  descr ibed by t h e  USP XXI ( 5 )  w a s  followed. 

REULTS AND DISCUSSION 

The  proposed me thod  w a s  val idated by comparing t h e  r e su l t s  w i t h  those  

obtained by an off ic ia l  me thod  ( 5 ) .  Table I shows assay resul ts  of m e t h o t r e x a t e  

p re sen t  in d i f f e ren t  pha rmaceu t i ca l  p repa ra t ions  and in bulk drug,  obtained by 

t h e  proposed and off ic ia l  methods.  T h e r e  is  a good zg reemen t  b e t w e e n  t h e  r e su l t s  

obtained by all t h e  methods.  Table 2 i nd ica t e s  t h e  r e l a t ions  of quant i ty  of sample  

applied wi th  in t eg ra t ed  area value obtained by dens i tome t ry  a f t e r  TLC. The 

' r '  value (0.9998) ind ica t e s  s ignif icant  l inear  re la t ionship under  t h e  expe r imen ta l  

condi t ions ( amoun t  applied : 0.5 to 4.0 yg). Also a very low 'a' value (-0.01296) 
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RETENTION TIME (Min) 

G 
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1 
3 8 . 4  0.5 8 . 4  

MIGRATION (Cm) 

Fig-I Separat ion of rnethotrexate  f rom i ts  degradat ion products. 

A - Acid hydrolyzate ,  B - alkali hydrolyzate ,  C - A + rne tho t r exa te  

D - B t rnethotrexate ,  E & G - H e a t  degradat ion products ,  F 

& H. Light  degradat ion products. E & F. HPLC, o the r s  RPTLC. 

1 - Metho t rexa te  peak. 
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1940 DATTA, ROY, AND DAS 

TABLE 3 

Assay values (percent  composition) of me tho t r exa te  and i t s  hea t  
and light degradat ion products  by p roposegand  HPLC methods. 

Compound H e a t  d e g r a a  Light  degradat ion 
Proposed HPLC Proposed HPLC 

Averageb SD Average S D  Average SD Average SD 

Methotrex ate 87.5 0.52 88.1 0.10 94.5 0.61 94.3 0.01 

Degradat ion 12.5 0.32 12.0 0.12 5.5 0.11 5.7 0.02 

Products  

a. TLC followed by densi tometry 

b. Average of :+ independent determinat ions 

shows t h a t  t he  locus pract ical ly  p,3sses through t h e  origin. However, at higher 

concentrat ions ( 8 yg and above) the liniarity may not  be  maintained. 

The r e f l ec t ance  spectrum of me tho t r exa te  showed absorption max ima  at 

302 nm and the  absorption was  negligible in comparison at 333 nm. So w e  used 

302 nm fo r  scanning and 333 nm f o r  background co r rec t ion  ( f o r  laboratory drawn 

TLC plates). However, fo r  precoated plates  or uniformly drawn plates, this  back- 

ground correct ion is not  necessary. 

Assay of me tho t r exa te  by spectroscopy a f t e r  TLC gives  uniform resul ts  

with a very low standard deviat ion value (Table  1). This method is very useful 

w h e r e  a good densi tometer  is not available or  where  very accu ra t e  resul ts  a r e  

required. However, this method is more laborious than  t h e  densi tometr ic  assay 

and is  not as fast. 
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METHOTREXATE AND DISINTEGRATION PRODUCTS 1941 

Assay of methotrexate  af ter  chromatography on cellulose (PC or TLC) 

was recommended by some leading pharmacopoeia (4,7). P C  is still in use (4). 

However, PC is t ime consuming and w e  could not separate  methotrexate  complete- 

ly f rom i t s  breakdown products by TLC on cellulose layers using different  solvent 

systems (4,7). However, The RPTLC method developed by us completely separates  

heat or light degradation products from methotrexate  (Fig. 1). Though the  resolu- 

tion fac tor  is not as high as HPLC, composition determined by the TLC densito- 

metr ic  method is the same as those obtained by the HPLC method (Table 3). 

Methottexate is completely separated from i ts  acid or alkali degradation products 

also by the method described (Fig. I). 

The proposed TLC method for  assay of methotrexate  is as precise as HPLC 

method but is inexpensive, rapid and capable of handling a large number of sam- 

ples at a time. The method is ideal for drug quality assurance laboratories. Be- 

cause of the simplicity and sensitivity, the method is also suitable for medical 

institutions who use this medicine. 
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