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INTRODUCTIO\I

The folic acid antagonists are

known to have anLi-leukemia activiry
(Farber et al l9l8r. Thc 4-amino-
4-deoxy- I 0 - melhylpteroylgluramic
acid (methotrexare) one of rhe folare

antagonists has been shown to have

the mosr effecrrve curing el'fect in

cancer chemorherapy and known to
have a biochemical role as dihydro-
folate reductase inhibitor (Condir,

1960 ; Condit and Eliel, I960 ;
Wright et al 1960 ; Hertz et al
196l; Hustu er al 1973; Frei et al
1975) and this properry is used as

a merhod lbr irs detection (Berrino

and Fischer, . 1964). $in6g ;s1.1.
antagonists h:d a competitive action
with ftlic lcrd and irs derivarives

thus we would expect to see growth

inhibition of folate dependent micro-
organisnls. Using this principle and

SUMMARY.

The inhibirion effecrs of metho-
trexate upJn the gror/th of nricroor-
ganisms used in the microbiological

assa)s of folate were studied Small
degree of inhibirion effects were
seen rvi'h S.faecali' and P.ceretisiae.

Total inhibirion of rhe growth

of L.casei was seen when the
concentration ol methotrexare in

the grorvi0g culture is as lolv as

0.01 ng/nrl. The application of
L.casei-tetrazoiiunr bioautoeraphy
ll'ith unrvasbed cullure led ro a

method lor the dercrminarion ol'
anri[o]are. Srudies on tlre oral absorp-
tion of l0 rrg mcrhotrexate in
psoriasis patienrs indicated rhat a

peak l(vel of abcur 200 ng/ml rvas

reached within I hour afrer doses

and ieclined to zero level within
48 hours.
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the tetrazolium bioautographic tech-

niqueswecan see the inhibition zone

or zones and thus detection the

inhibitor.

N{ATERIAI-S AND ]VIETHODS.

The 4- amino- 4-deoxY- l0- me-

thy lpterol'lg1ut a m ic acrd (merhotrexate)

tablets or parenteral dores rvere

obtained from Lcdcrlc l:rb. r.' toties

devision, Anrerican Cyanarnid ( om-

pany. l-hey lvere used for oral

absorption studics and also used for

rhe inhit,iticn :tudi€s. Micrt bio-
logical assal s rvith Lactobecilus

casei, Streptococcus faecalis and

Pediococcus cerer isiae were carried

out using asepric technique (Herbert,
1966) un6 a semiautomated nrcthod
(Leeming and Portman-Graham,

1973)

Pteroylglutamic acid (Folic

,Acid) was purchased from Koch-
Light Laborarories, Colnbrook,

Buckinghamshire, UK. 5 - forrny Itetra-
hydropteroylgiuta rnic acid ( Folinic
Acid) was a gift from Laderle

Laboratories. I0-form!lpteroylgluta-
mic acid was prepared accord[g to

Blakley ( t 959)' 5-methl lterrahl dro-
pteroylgutamic .acid was prepared

according ro the melhod ol Blair
and Saunders (19?o) and Dihydro-
pterol'lg lutamic acid rvas prepared by
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the method modified from Futterman
( | e63).

Triphenyltetrazolium (chloride)

was purchased from BDH Chemicals

Ltd; Poole, England, 1'hin layer

chromarogfaPhic plates wele Art.
5716 DC- Fertigplatten cellulose

( Pre-coated TLC plates without

fluorescent indicator ) dimersion 0.1

mm x 20 mrr x 20 cm and purcha

sed from Irlerck ( U.K. ). Afier 2

ro 5 ul of samples werc applied

onto rhe thin layer chromatogriiphic

plares with sterilized micropipettes

they were developed with 3% aqeous

ammonium chloride containirg lZ
ascorbic acid ( W/V ). The distance

from rhe application points lo the

solvent front is adjusted for 15 cm.

The developed plates were left to
half dried in refrigerator at 6oC

belore outting on the tray ( cul(ure

trays Code Number Il 43ll Purcha-
sed from Jencons Scientif'ic Ltd,

England. ) of setrled sterilized ptain

agar (Oxoid lonagar No. 2' purcha-

sed from Oxoid, England or this

can be substituted bY Noble, Agar

speciat of Dilfco, U.S A.).

The plain agar was PrePared

by dissolving 3 to 5 g of tire agar

porvder in 250 ml distilled water

and sterilized by auto:lavtttg at

l2loC for l5 minutes. The agar

medium rvas prePared bY adding
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appropriare assay media, 3 to 5 g

of agar powder, 0.5 g ascorbic

acid, 30 ml O.lM pbosphare buffer
pH 6. |, 5 ml of 2% stcrilized
tetrazoiium solurion (W/V), l0 ml
of dilured appropriare microorganism
in the final volume of 300 nrl
adjusred by distilled warer. The agar
media rvere prepared in such a

manner that the media were sterilized
by autoclaving at l2loC for l5
minutes and cooled ro 45oC before

the Ietrazolium solrrtiop 6n6 611u,"0

microorganism solutions were added.

The cooled agar media (45oC) were
poured to c0ver the devcloped rhin
layer chromarographic plates and ler

settle before covering with thin film
of plastic sheet and covered. The
prepared plates were incubated in

the air-ven.ilar€d incubator at 37oC
for 24 bours. The inhibition zone or

Concentration of

methotrexate (ng/ml)

t09

zones could be seen at tbe various

Rf values of the inhibitors derected.

B-v varying rhe alnount ol starrdard

methorrexate applied onro rhe chro-
matographic plates this can be used

as standard curve and tbus unknown

could be det ernrined.

Thc inhibirion effecrs of various
concent rations of nlelhotrexate in
the microbiological assays wiLh L.
casei, S. flecrtis and P. cerevisiae
were set ou! as shown in Table l.

Parients with psoriasis on treat-
ment with methotrexate were used

in the studies of serum methotrexate
Ievels. These subjects had oral doses

of l0 mg of methorrexate after thc
first venous blood samples were
taken and then at 1,213, 4e4 and
48 hours afrer doses.

Table I Schedule of the studies of inhibition of merhorrexale on microbio-
logical asssay of fotates wirh L. casei, S. faecatis and p. cerevisiae.

0

5.0

50.0

500.0

0

0

0

0

Concantration of added folate- (ng/ml)

2

2

2

5

5

5

5

10

10

10

10

'10

20

20

20

20

20

30

30

30

30

30
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'indicates pteroylglutamic acid,

7,8-dihydropterr.rytglutamic acid.5-
methy ltetrahydroprerol lglutamic acid,

l0-formylpreroylglutamic acid and

5 - formy ltetrahydro pteroy lgluta mic

acid were used in the studies with

L. casei. Pteroylglutamic acid, 7-8-
dihydropreroylglutamic acid and

5 - for m] het rahydropleroy lglul amic

acid were used with P. cerevisi re.

Concentrations of the appropria re

folates in each assay nedia were

sirnilar to those of the assay media

withour methotrexate and as shown

in tbe results section.

RESULTS.

The inhibition effrcts of metho-

trexate wcre srudied in the growing

cultures of. L. casei' S. faecalis and

\/ol_. I No, g

P. cerevisire. Various degrees of

inhibition effccts were seen in all

three cultures. With L. casei roaal

inhibition was seen at a concenrra-

tion as low as l0 pg,/ml of methg-

trexate in rhe growing cultures as

shown in Table lI. With S, faecalis

and P. cerevisiae some inhibition

effects were seen as shown in Tables

III and IV, respectively.

The bioautograptry of standard

rnethotrexate and serum met hotre:

xate were shown in Plates I and ll.
The serum methotrexate levels from

psoriasis subjects after lO :rg of
melhorrexate orally were shown in
Table V.

TABLE ll The inhibition of methotrexate on the microbiological assav

of folates with L, casei.

Concentration oI

methotrexate (ng/ml)
Concentration ot tolate (ng/mt)'

10

0

0

0

0

0

50.0

500.0

I
It.
tl

0

o

0

lo

20

0

0

0

30

0

*to

0

'detected results from all folates as shown in Table I.
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TABLE trr
of S, faccalis.

A

A.

A

A

0

0.

q.00,

0_.60

6.0P

50.00

600.00,

0.00

0.50

6.00

60.00

600.00

0.00

0.60

5.00

69:Qo-

500.00

.B

B

B

B

B

3.0J 0.0

2,8 +- 0,2

2.0 t 0.3

0

0

3.0 3 0.1

3 0J 0.1

J 0.1

(-

c
c

'0t
0

The inhibition effect of m9rbcnre14.19 o.n ltp -Cr,g,wilq glrJurcs

le

q

q

0

0

0.

0

0

0

o

0

0

0

0

0}.

0

zro 9 91Q

1.9 : o.t

1.0 !, 0,1

0.

0.

2,0 J 0.0

1,8.1 q,?

1.oJ 0.2

0''
0

1,6 10.1
1.5 ! 0.1

1.5: O.t

0

6.0,1, 0,0

4.8 ! 0.2
. 3.2 1 0.3

'Lo.o t o

e,.6 ! 0.F

6.0s 1.0

0

o

6.0 t 0.0

4.9{9..3

3.0 g 0i9

0

0

6.Ot 0,6

4.9J 0.5

4.5t 0.6

0,

0

20.0 g0
19 -+_ 1

11 L2
1,0 -t 0

0

8.0 10.0
Z'5:L q.5

5.0 !- 0.5

o

o

8.01 1.0

,9+ 1.0

6.0! r.0

2.510.6

0

gQ)g o.o

q7, + 2.O

0

10L 0

9.7_+, 0.3

6.0 t-i.0
0

0

13.09 1.o
'i2.st 

r.o.
;11.69. 

r.o
.{-

q'9 - 0.5

A - Studies wbcn. geroylgtutamic acid is used.
B - Srudies w,hqn dihydroperoylglutamic acid is used. i
C . Studies when s-formyttetrahydroprqro,ylgluramic acid is us€d,



I l2 VoL 9 No. 2

TABLE IV. The inhibition effect of methotrexale on the growing cultures

of P. cerevisiae.

Concentration ot

methotrexate (ng/ml)

00

5.0

50.0

500.0

J
J
t
J
+2

u.c

05

0.5
I

8.0 J 0.5

0

13.0-f0.5

13.0+0 5

11 0t0 5

8.510.5

5.7+0.2

l7.e 1 r.o
ls.o J os

' s-formyltetrahydropteroylglutamic acid is used in the studies.

TABLE V The serum metholrexate from 2 subjects after l0 mg of oralty

administered methotrexate.

Conc€ntration ol folate' (ng/mt)

l'.'l ',
l0 5 i! 0.c

3.0t0.5

3.0+0.5

3.0+0.0

2.9+0.1

2.6+0.2

Mothotrexale concentration (ng/ml)

0

1

4

24

40

0

2oo!25

10010.0

70+5.0

50i0.0

20+5.0

0
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PLATE [:

'. aJ

3

lrs

The inhibition zones of methotrexate on the bioautography wirh L.

casei. Plate 18 was developed by using diffusion cffect and rhe

methotrexate concentrations (ng/mt) were 0, 5, 50, 100, 200, 300,
500 for spots I to 7, respecrively and spots 8 to 13 werc unknown

from sera of a patient after l0 mg of methotrexate orally, Plate

I b was developed by running a vertical chromatography of stan-
dards in 3% aqeous ammonium chloride solvent and the concentra-

tions (nglrnl) were 5, 50, 100, 200, 300, 500 sespectively.
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t)

l"i.l

il, J

PLATE II: Bioautography of samples from subjects afrer l0 mg of merhotrexale

orally. Plare II a, at time l, 2, 3, 4,48 bours after doses and

Plare I Ib at time 48, 24, 4' 24' 48, 24 hours respectively.

j

I
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DISCUSSION.

The inhibition eflfects of metho-
r rcxate on the gro$ ing of L.

casci, S. laecatir ard P. ccrevi-
siac arJ dift'erent. Wrth S.

flccalis and P. cerevisiae only
pariial inhibirion werc seen ( l'ables

III & lV ) ard thus rhese rwo
microorganisns are not of n:uch

use in tlte t,'lrazolium bioautography
of an:rfol:,tc:. Thc r',.'rv high sensi

ti\ it) oi- inhibiriorr of merhorrcxate

ro L. casci (]-able II ) madJ rhe

organis:n a len' uscful for the

applicarion wiLh bioautograohic
tcchnrque. The 2 techtriques ol plates
preparaiion are of some uscfulness,

the lir:t one is usefui for the

determination and characterization
of the unknown and the second one
is useful for the quantitarive analy-
sis of the unknown. Eventhough

some enzymaric techn;ques are
available fc'r the determinarion of
dihydrolblate reducrase inhrbitors
(Werkheiser et al 196l t Ber.tino
and Fischer, 1964) it is ureful for
only rhe quantirative determ inarron.
The rechnique presented here have
advantages over the enzvmatic
techniques in the way that it could
be uscd for borh qualiative and
quantirarive analys--s and required
no conrplicated insrrumenta tion. Ihe
plates used in this tecltnrque can
also. be prepared by usilrg paper

I It

chromatography and thin la).er
chromorography as described here.

Srudies on sefum methotrexale
levels in psoriasis parients after l0
mg of orally 

-adininistered 
meiborre-

xate (Iable V) indrcared rhat it is
quickiy absorbed and presenred io
the sefurn unmetabolized as shown

in plrtci I and ll Slnce derermina -

lion of sertrm rrrelhotrexatc is

possible it is rea'onable to assume

lhat the dcterrn.nalion of urrne

rnethotrexate could be equal l_v

achier ed. Eventhough metltotrex ate
is qLrickly absorbcd ir isal:o qurcktl,

excreted inro the urine (Henderson

e t al I 965 ; Goodman and Cilman,
and Grlman, 1970 ; Huffman er al 1973)-
Small amount of melhotrexate was

ieft circulating in rhe blood 24 hours

after doses (Plate Il b). Ir is not
clear whether the absorbed merho-
trexate is totally excrcted or parti-
ally excreted inro urine after doses.
Evidences from many sources (Hen-
derson et al l96j; Goodrnan and

Gilman' 1970: Huffman et al I 973)
and the pharm acokinerics analysis of
the data presenred here indicated that
rhe ab:orbed mr'thorrexate is panially
retained by rhe body tissues. This
is supponed Dy lhe facr rhat wirhout
rescuring agenl rhe treatment of
parier)ts with merhotrexate led [o a
lethal eflecr (Sutlivan er al 1959:
Goldin er al I 953; Duf f et al 196 | ;)
Blair and Searle, l9?0).
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