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ABSTRACT

A simple bacteriological method for determination of methotrexate
concentration in biological fluids is described. The griﬁciple of the tech-
nic is similar to the bacterial sensitivity test. The sterile filter paper
discs with known concentration of methotrexate solutions and the test sera
are placed on the test plates containing suspension of Lactobacillus casei
in the suitable agar medium. The definite zones of inhibition of bacterial
growth after 18- 24 hours of the incubation at 37 C are recorded. The
MTX calibration curve is obtained when the inhibition zonés are plotted
against the MTX concentration on the log paper. This cafibration shoutd
be done each time of the deternrination. The better results obtained from
the tomato juice agar medium, the home - made filter paper dise and &
test volume of 0.01 ml.  This method has proved satisfactory with the
specimens obtained from animal experiment. It is recommiended for climi-
eal use due to its feasibility (can be carried out {in any routine clinical
Iaboratery), accuracy and inexpensive.

INTRODUCTION is of great value in the treatment of acute
Methotrexate (Amethopterin, 4-amino- leukemia, trophoblastic tidmors of the
N *° -methyl-pteroylglutamic acid sodium) uterus (1, 2) and also i primary and
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secondary tumor (3,4). In the more recent

reports methotrexate ( MTX) has been

shown to have-enhanced: biological activity.

when it is given by t.;ontmuous 24 hour.,
intra-arterial infusion rather than a smglc'
daily ordl“~dose:™ 'Thus,
cancer, particularly’ ‘in:-solid tumiors: (5)

The efficiency of MTX is limited partly

due to its toxicity to the bone marrow .- -

and GI

of safety . B[ood level of ‘MTX 1s some—

A

dose sehcdulc

,,,,,,

thod (6 ) fluorometrlc techmc( ) 2nd radr-

oenzymatic, method (§).. .We are reporting

our modification: . of . the. bacteriglogical

technic, which- is . more.. simple;

cheaper;.can, be oarsied out-in.any reutine .

laborator¥ “and’ atcurate enough for clinical

purpose, i o1 o
MATERJIALS

I METHOTREXATE STOCK SOLUT[ON
Pl oz &
Stock solutlon tubes contammg 5 ml

each of a MTX at a concentratlon of 1, 000
)ml are prepared and then kept frozen
“at: =40 Ci:® By -diluting  this stock: solution .

with distilled water (or preferably the

L e

it is “of " gréatcr -

tract w1th rather narrow range }
T i

much .

and ahquoted as dcscrlbcd bclow

¥ - September 1971-*
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AR I S N U RPRTL R S S , .
poofled normal serum ‘or plasma) standards’

containing 1.0, 2.5, 5.0, 10.0, 25.0, 50.0,

’IOO.QO, : 200.0, -and-\ 500.0 ng}mI. are pre-
o pared

Thesc standard dllutlon are stored

in the rcfrrgerator at 4°C when not in

" 7 {ise.

value 'ini | thi fredtment “of varioh§'types of’ I LACTOBACILLUS CASEI

Lyophilized Lactobaciltus casei ** was.
resuspended in sterile water then inocu~
Jatéed in the transfer medium and incu-

bated for 18 hours at 37 °C.

»"m FILTER PAPER DISCS

time essentnal for adJustmg the sultable

The spec1al fllter paper dlSCS 6 5 mm.

dlameter are prapared by, cutt,mg the

- Whatman fllter _paper. No. 2. wu’.h a stan-

dard offxcc paper . .puncher (ﬁbﬁq}t “,tvhe com-
mercially aym_]ablc:\mk blotcher. is prefera-
ble).

15 minutes at 15. pound,s-pxcﬁﬁure(lZl”C).

 They are sterilized. by autoclaving

TV, THE ASSAY MEDIA - -~

‘Two types. of - medium were experi-
mented. .- i e e 4
A. FOLIC ACID ASSAY:PGA BROTH
“Seventy five ‘grams-of: Folic ‘A¢id Assay

** PGA- Broth, *** 30 grams-agar;*fd 20 ug

of crystallme pteroy]glutamrc ac1d are added

to 2, 000 ml. of distilled water xThlS is

hcated to dlssolvc the agar then stenhzed

N

8. TOMATO JUICE AGAR MEDIUM
Mix,. 51.0 gms. of tometo Juiee Bgar

¥ From Lederle Lab., D1v131on of the American’ Cyanamld Co., .
** From Difco LabotatOfles Defrort ‘Mich: " U.S.A7

***From BBL, Division of Bioquest, Cack‘eysv‘d’lc, Mdi, USA, .+ o e yrernd



Yol. 4 No. 3

Medium * to 1,000 ml. of cold distilled
water and heat to boiling to dissolve the
medium completely.

The media are sterilized by autoclav-
ing 15 minutes at 15 pounds pressure
(121°C), cooled to 45°C in a water bath,
and inoculated with 1 ml. of a 18 hour-
old broth culture of L. casel per 1,000
ml. of media. After shaking thoroughly
to mix the organisms throughout the
media, 10 ml. aliquots are pipetted into
the specially pressed, flat bottom Petri
dishes ( Pyrex dishes or disposable plastic
dishes) 100 mm. diameter. Allow the
media to solidify then kept in the refri-
gerator at 4 'C.  These plates are used

within 1 to 96 hours.

METHODS

A standard calibration plate is pre-
pared by placing 4 filter paper discs on the
agar plate and delivering 0.01 ml. of one
of the various standard solutions of MTX
to each disc in duplicate. Since the disc
absorbs moisture rapidly from the agar, it
is essential that the solution be delivered
to the disc immediately after it touchs the
agar. The plates are then incubated for
18-24 hour. The diameters of the zones
of inhibition are measured and plotted

against the concentration of MTX on the

log paper to give a standard calibration

curve.
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An anesthetized dog was given 0.5ml.
pentobarbital intravenously every hour.
Five milligrams of freshly prepared MTX

was given intravenous 'push within one

“minute period. Blood samples were clotted

at intervals. One ml. of blood sample is
allowed to clot, rimmed with a wooden
applicator stick, centrifuged, and the serum
removed. Full strength serum or 1/3 and
110 dilutions of these serum sampled in
pooled normal sera are used for the study.
RESULTS

I. The comparison between 2 types of

agar media.

The Tomato Juice Agar medium is
better than the Folic Acid Assay PGA
Broth because :

a. It needs shorter incubation time,

18 hours rather than 24 hours or

more a3 required when the latter

is used.

b. Although the calibration curve ob-
tained from the former medium is
not as steep as obtained from the
latter (Fig. I) but the zomes of in-
hibition readings are correlated to
the concentrations better.

¢. Tomato Juice Agar medium is

much cheaper.
1L. Application of the method to the
animal study.

After intravenous administration of

® From Difco Laboratories, Detroit, Mich., US.A.
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MTX in dog, the highest blood level is
obtained at 15 minutes, The disappearance

of MTX occured in 2 phases (Fig. II).

DISCUSSION
Methotrexate is the methylated ana-

logue of aminopterin and exerts its pri-
mary effect by inhibiting the action of the
enzyme, dihydrofolic reductase ( DHFR).
Therefore, it prevents synthesis of DNA
and thus interferes with cell mitosis, Me-
thotrexate has at least 20,000 times more
affinity for DHFR than folic acid. (9)

The bacteriological method of deter-
mination of MTX in the biological fluids
was first described by Burchenal et al (6)
in 1951 and has proved its usefulness in
clinicai use. Our modification can be car-
ried out in any routine clinical laboratoery
with limited equipments and budget. When
the Tomato Juice Agar is used the calcu-
lated cost of the material required is| ap-
proximately 0.25 Bht per specimen (in
duplicate )

The optimum volume of specimen re-
quired for each disc is 0.01 ml. since the
larger volume tends to overflow the filter

paper disc and may cause distortion of the

September 1971

inhibition zone. The accuracy of 0.01 ml.
and 0.02 ml specimen are otherwise com-
parable ( Fig 1II).

when the standard calibrations of MTX

It is also noted that

are made in pooled normal plasma or serum
they will give the same size of inhibition
zones but with more distinct diameters.

The Tomato Juice Agar medium is
preferable due to its accuracy, better cali-
bration curve, shorter incubation time and
much cheaper cost. The results of the
attempt to study the blocd level of MTX
in animal were comparable to those re-
ported earlier. (6, 10)
SUMMARY

A new modification of the bacterinlo-
gical method of determination of Metho-
trexate, the anticancer drug, was described.
The better medium for L. casei is Tomato
Juice Agar Medium.  The test can be
carried out in any routine clinical labora-
tory with accuracy.
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