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SUMMARY.

The inhibition effects of metho-
trexate upon the growth of microor-
used in the microbiological
assays of folate were studied Small
degree of inhibition effects were
seen with S.faecalis and P.cerevisiae.
Total inhibition of the growth
of Ll.casei was seen when the
of = methotrexate in
low as

ganisms

concentration
the growing culture is as
0.01 ng/ml. The application of
L.casei-tetrazolium bioautography
with unwashed culture led to a
method for the determination of
anifolate. Studieson the oral absorp-
tion of 10 mg methotrexate in
psoriasis patients indicated that a
peak level of abeut 200 ng/ml was
reached within 1 hour after doses
and declined to zero level within
48 hours.

INTRODUCTION

The folic acid antagonists are
known to have anti-leukemia activity
(Farber et al 1948\. The 4-amino-
4-deoxy— 10 — methylpteroylglutamic
acid (methotrexate) one of the folate
antagonists has been shown to have
the most effective curing effect in
cancer chemotherapy and known to
have a biochemical role as dihydro-
folate reductase inhibitor (Cordit,
1960; Condit and Eliel, 1960;
Wright et al 1960; Hertz et al
1961 ; Hustu et al 1973; Frei et al
1975) and this property is used as
a method for its detection (Bertino
and Fischer, 1964). Since folate
antagonists hrd a competitive action
with fclic acid and its derivatives
thus we would expect to see growth
inhibition of folate dependent micro-
organisms. Using this principle and
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the tetrazolium bioautographic tech-
niques we can see the inhibition zone
or zones and thus detection the
inhibitor.

MATERIALS AND METHODS.

The 4-amino-4-deoxy-10- me-
thylpteroylglutamic acid (methotrexate)
tablets or parenteral doses were
obtained from Lederle laboratories
devision, American Cyanamid ( om-
panv. They were used for oral
absorption studics and also used for
the inhibiticn studies. Microbio-
logical assays with Lactobacilus
casei, Streptococcus faecalis and
Pediococcus cerevisiae were carried
out using aseptic technique (Herbert,
1966) and a semiautomated method
{Leeming and Poriman-Graham,
1973)

Pteroylglutamic acid  (Folic
.Acid) was purchased from Koch-
Light Laboratories, Colnbrook,
Buckinghamshire, UK. 5-formyitetra-
hydropteroylglutamic acid ( Folinic
Acid) was a gift from Laderle
Laboratories. 10-formylpteroylgluta—
mic acid was prepared accordirg to
Blakley (1959), 5-methylteirahydro-
pteroyleutamic -acid was prepared
according to the method of Blair
and Saunders (1970) and Dihydro-
pleroylglutamic acid was prepared by
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the method modified from Futterman
(1963).

Triphenyltetrazolium (chloride)
was purchased from BDH Chemicals
Ltd; Poole, England. Thin layer
chromatographic plates were Art.
5716 DC-Fertigplaiten  cellulose
( Pre-coated TLC plates without
fluorescent indicator ) dimension 0.1
mm x20mm x 20 cm and purcha
sed from Merck (U.K.). Afier 2
to 5 ul of samples were applied
onto the thin layer chromatographic
plares with sterilized micropipettes
thev were developed with 3% ageous
ammonium chloride containing 1%
ascorbic acid (W/V). The distance
from the application points 1o the
solvent front is adjusted for 15 cm.
The developed plates were left to
half dried in refrigerator at 6°C
before putting on the tray (culture
trays Code Number H 43/1 purcha-
sed from Jencons Scientific Lid,
England.) of setiled sterilized plain
agar (Oxoid Ionagar No. 2, purcha-
sed from Oxoid, England or this
can be substituted by Noble, Agar
special of Dilfco, U.S A.»

The plain agar was prepared
by dissolving 3 to 5 g of the agar
powder in 250 ml distilled water
and sterilized by autoclaving at
1210C for 15 minutes. The agar
medium was prepared by adding
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appropriate assay media, 3 to 5 g
of agar powder, 0.5 g ascorbic
acid, 30 ml 0.IM phosphate buffer
pH 6.1, 5 ml of 2% stcrilized
tetrazolium solution (W/V), 10 ml
of diluted appropriate microorganism
in the final volume of 300 ml
adjusied by distilled water. The agar
media were prepared in such a
manner that the media were sterilized
by autoclaving at 1219C for 15
minutes and cooled to 45°C before
the tetrazolium solution and diluted
microorganism solutions were added.
The cooled agar media (459C) were
poured to cover the developed thin
layer chromatographic plates and let
settle before covering with thin film
of plastic sheet and covered. The
prepared plates were incubated in
the air-ventilated incubator at 370C
for 24 hours. The inhibition zone or
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zones could be seen at the various
Rf values of the inhibitors detecied.
By varying the amount of siandard
methotrexate applied onto the chro-
matographic plates this can be used
as standard curve and thus unknown
could be determined.

The inhibirion effects of various
concentrations of methotrexate in
the microbiological assays with L.
casei, S. faecalis and P. cerevisiae
were set out as shown in Table L

Patients with psoriasis on treat-
ment with methotrexate were used
in the studies of serum methotrexate
levels. These subjects had oral doses
of 10 mg of methotrexate after the
first venous blood samples were
taken and then at 1,2,3, 4,24 and
48 hours after doses.

Table I Schedule of the studies of inhibition of methotrexate on microbio-
logical asssay of folates with L. casei, S. faecatis and P. cerevisiae.

Concentration of Concentration of added folat; (ng/mr)
methotrexate (ng/ml) 1 2 3 4 5 { 6
> 0 0 e 5 10 20 30
0.5 0 2 5 10 20 30
5.0 0 2 5 1Q 20 30
50.0 0 2 5 10 20 30
500.0 0 2 5 10 20 30
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*indicates pteroylglutamic acid,
7,8-dihydropteroylglutamic  acid,3-

methyvltetrahydropieroy Iglutamic acid,

10-formylpteroylglutamic acid and
5 - formy ltetrahy dro pteroy Igluta mic
acid were used in the studies with
L. casei. Pteroylglutamic acid, 7-8-
dihydropteroylglutamic  acid and
5 — formylietrahydropteroylglutamic
acid were used with P. cerevisiae.
Concentrations  of the appropriate
folates in each assay media were
similar to those of the assay media
without methotrexate and as shown
in the results section.

RESULTS.

The inhibition effects of metho-
trexate were studied in the growing
cultures of L. casei, S. faecalis and
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P. cerevisire. Various degrees of
inhibition effects were seen in all
three cultures. With L. casei |ota‘l;
inhibition was seen at a concentra-
tion as low as 10 pg/ml of metho-
trexate in the growing cultures as
shown in Table 1. With S. faecalis
and P.

effects were seen as shown in Tables

cerevisiae some inhibition

Il and IV, respectively.

The bioautography of standard
methotrexate and serum methotre—
xate were shownin Plates I and IL
The serum methotrexate levels from
subjects after 10 mg of
methotrexate orally were shown in

Table V.

psoriasis

TABLE Il The inhibition of methotrexate on the microbiological assay
of folates with L. casei.
Concentration of [ 1243 Concentration of folate (ng/mlyr
methotrexate (ng/ml) 1 | 2 3 2 5 | & g
0 0 2 5 10 S 20_ 30
0.5 0 0 0 0 0 0
5.0 0 0 0 0 0 0
50.0 0 AR it 0 () 0 “ 9
500.0 0 I o 0 0 0 ] 0

*detected results from all folates as shown in Table I
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TABLE HI The inhibition effect of meihotrexate on the growing culiures

of S. faecalis.

Concentration of

_Concentration of folate (ng/ml)

methotrexate (n_g/_'m,l)‘ B 2 I3 4 5 6

A 0.00 0 2.0 + 0,0/ 5.0+ 0,0) 10.0% 0 [20.0+ 0 30.+ 0.0
A 0.50 0 19401 48%02| 96205 | 19+ 1 27 £ 2.0
A 6.00 0 1.0£0.1[ 3.2+ 0.3] 6.041.0 [ 11+ 2 | 20+ 1.0
A 50.00 0 0 0 0 1.0 +0 2.o_+o:
A 500.00 0 0 0 0 0 0

B 0.00 0 [2.0%0.0/30%00]| 6.0+00 [80+00 |10+0

B 0.50 0 |[1.8+£0.2/28%02 4802 [7.6+05 [9.7+0.3
B 6.00 0 1.0% 0.2/ 2.0+ 03| 3.0+ 05 |50+05 |[6.0%1.0
B §0.00 0 0 0 0 0

B 500.00 0 0 0 0 0 0

¢ 0.00 0 |15+ 0.1[3.040.1] 5.0+ 0.5 |80+ 1.0 [13.0* 1.0
Cc 0.50 0 |1.5+01|30%01] 49+ 05 [7.9%1.0 |12.8% 1.0
¢ 5.00 0 [15%0.1[3.02% 01| 45+ 0.5 6.0+ 1.0 |11.02 1.0
C  £0.00 0 0 0 o |25to0s |soFos
C 500,00 0 0 0 0 0 0

A = Studies when pteroviglutamic acid is used.

B = Siudies when dihydropteroylglutamic acid is used.
C = Studies when 5-formyitetrahydropteroylgluiamic acid is used,

]
3
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TABLE IV. The inhibition effect of methotrexate on the growing cultures

of P. cerevisiae.

Concentration of

methotrexate (ng/ml) 1

Concentration of folate” (ng/rnl)

23]
4 5 6

3 p—
00 0 1.0 £ 0.0 3.0+0.5 50 % 05(8.0F 0.5 13.0+0.5
0.5 0 1.0 * 0.0 3.0+0.6 5.0 £ 05 8.0 X 05| 13.0+£06
50 0 1.0 X 0.0y 3.0+0.0 48 £ 0 ' £ 05 11005
50.0 | 0 ot oizekotjesd 17 0% 1.0!85+0.5
500.0 ' 0 losF 0.0} 26+0.2/42F 05602 05! 6.7+0.2

* 5-formyltetrahydropteroylglutamic acid is used in the studies.

.

TABLE V The serum methotrexate from 2 subjects after 10 mg of orally

administered methotrexate.

Time after doses (h)

Methotrexafe concentration (ng/ mi)

0
200X25
1002%0.0

70%5.0
5020.0
20=%5.0

0
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PLATE Ji:

The inhibition zones of methotrexate on the bioautography with L.
casei. Plate la was developed by using diffusion effect and the
methotrexate concentrations (ng/ml) were 0, 5, 50, 100, 200, 300,
500 for spots 1 to 7, respectively and spots 8 to 13 were unknown
from sera of a patient after 10 mg of methotrexate orally. Plate
1b was developed by running a vertical chromatography of stan-
dards in 3% ageous ammonium chloride solvent and the concentra-
tions (ng/ml) were 5, 50, 100, 200, 300, 500 sespectively.




PLATE 1I: Bioautographv of samples from subjects after 10 mg of methotrexate
orally. Plate Il a, at time 1, 2, 3, 4, 48 hours after doses and
Plate 11b at time 48, 24, 4, 24, 48, 24 hours respectively.
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DISCUSSION.

The inhibition effects of metho-
trexate on the growing of L.

casei, S. faecalis and P. cerevi-
siae are  different. With S.
faccalis and P. cerevisiae only

pariial inhibition were seen (Tables
m&1vV) and thus
microorganisms are not of

these two
much
use in the tetrazolium bioautography
of anufolates. The very high sensi-
tivity of inhibition of methotrexate
to L. casei (Table ) made the
organism a verv useful for the
application  with  bioautographic
technique. The 2 techniques of plates
preparation are of some usefulness,
the first one is wuseful for the
determination and characterization
of the unknown and the second one
is useful for the quantitative analy-
sis of the Eventhough
some enzymatic techniques are
available for the determination of
dihydrofolate reductase  inhibitors
(Werkheiser et al 1961; Bertino
and Fischer, 1964) it is useful - for
only the quantitative determination.
The iechnique presented here have
advantages over the enzymatic

technigues in the way that it could
be used for both qualiative and
quantilative analyses and required

unknown,

“mo complicated instrumentation. The

plates used in this techmique can
also_be prepared by using paper

chromatography and thin layer
chromotography as described here.

Studies on serum methotrexate
levels in psoriasis patients after |0
mg of orally_administered methotre-
xate (Table V) indicated that it is
quickly absorbed and presented in
the serum unmetabolized as shown
in plates 1 and II. Since determina-
tion of methotrexate s
possible it is reasonable o assume
that the determination of urine
methotrexate could be equally
achieved. Eventhough methotrexate
is quickly absorbed it is also quickly
excreted into the urine (Henderson
et al 1965; Goodman and Gilman,

serum

and Gilman, 1970 ; Huffman et al 1973).

Small amount of methotrexate was
left circulating in the blood 24 hours
after doses (Plate H b). It is not
clear whether the absorbed meiho-
trexate is totally excreted or parti-
ally excreted into urine after doses.
Evidences from many sources (Hen-
derson et al 1965; Goodman and
Gilman, 1970: Huffman et al 1973)
and the pharmacokinetics analysis of
the data presented here indicated that
the absorbed methotrexate is partially
retained by the body tissues. This
is supported ov the fact that without
rescuring agent the treatment of
patients with methotrexate led 1o a
lethal effect (Sullivan et al 1959:
Goldin et al 1953; Duff et al 1961;)
Blair and Searle, 1970).
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