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PERCUTANEOUS ABSORPTION OF METHOTREXATE*
P. C. H. NEWBOLD, M.R.C.P.{ anp R. B. STOUGHTON, M.D.

ABSTRACT

The in vitro penetration of methotrexate (MTX) through human and hairless mouse skin
was determined by two techniques. One followed tritiated MTX by scintillation counting
and the other followed cold MTX by determining the inhibition of dihydrofolate reductase.
Both techniques gave ample evidence for penetration of MTX through the skin of hairless

mice and man.

There is no longer any doubt about the efficacy
of methotrexate (MTX) in dermatology (1). Tox-
icity has limited its use in the treatment of pso-
riasis and other benign dermatoses. As the route
of administration and other factors appear to be
relevant to the incidence of toxic effects, a
number of different regimens have been suggested
on theoretical grounds and are now being evalu-
ated. Ideally perhaps, topical application of the
drug would reduce the incidence of side effects,
and increase the speed of response. The primary
biochemical target for the drug, dihydrofolate
reductase, is present in the skin, and the level of
the enzyme is known to be increased in psoriasis
(2). However, clinical studies with topical MTX
have been few and the results are conflicting. Fry
and McMinn discussed the earlier work and re-
ported some clearing of psoriasis with the use of
0.2% MTX in aqueous cream under polythene
occlusion (3). Other studies, using 1% MTX in
aqueous dimethylsulfoxide under polythene, pro-
duced local pain and ulceration, but no benefit (4).
These authors showed that less than 0.55% of top-
ically applied MTX was excreted in the urine over
79 hours, while most of the MTX remained in the
stratum corneum. Van Scott and Reinertsen also
reported the presence of MTX in the urine after
topical application in psoriasis (5). We used two
methods to study the penetration of MTX
through human skin in vitro. One was to apply
tritium-labeled MTX and assess penetration on
the basis of recovery as measured by liquid scin-
tillation counting. The other method was to assay
the recovered MTX on the basis of its ability to
inhibit dihydrofolate reductase activity.

METHODS AND MATERIALS

Human leg skin was obtained from amputated limbs.
Only skin appearing grossly normal was used, and 16-20
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separate specimens could be obtained from each leg.
The subcutaneous fat was carefully removed with a
scalpel after thawing, and the dermal surface was
sponged with ethanol. Separate specimens were cut
from each large piece and applied to the mouth of a
glass.cup with the dermal side facing inwards. The glass
cup is open and continuous with a U-tube which is
plugged with a glass stopper. This allows filling of the
cup with saline or buffer so that the dermis is fully
bathed (.diagram in ref. 6). A plastic ring 1.5 ¢m in di-
ameter is cemented to the epidermal side with Duco®
cement. Then 0.01 ml of labeled or cold MTX is applied
to tl}e epidermal surface, within the plastic ring. The
specimens are incubated in a humidity chamber, at 30 °©
C wet bulb and 33°C dry bulb for 20 hours. Aliquots are
then removed for scintillation counting or for biochem-
ical assay of MTX.

The amount of MTX recovered from the saline or
buffer on the dermal side is calculated and the per-
centage penetration can be easily determined, knowing
the total amount applied to the epidermal surface.

H? labeled methotrexate. The 3'-5'-T sodium salt
(250 mCi/mM, Amersham/Searle) was supplied by the
generosity of Lederle Laboratories. One millicurie was
dissolved in 0.5 ml of dimethylacetamide (7). Four-fold
dilutions of this solution were made so that 0.01 ml ap-
plied to the skin contained 32, 8, 2, or 0.5 micrograms of
MTX per 1.24 ¢cm? Standard precautions and correc-
tions were made for quenching. For each experiment,
one large skin specimen was divided into 16 separate
units so that four penetration determinations could be
made for each amount applied. The same procedure was
used to study penetration of H*-MTX through hairless
mouse skin. The mice were 3-4 months old, and the
skin of the back of one mouse was used for each deter-
mination, using the same amounts of labeled MTX.
With applications of 0.5 microgram H*MTX per 1.24
cm? (the lowest amount of radioactivity applied in these
experiments) we recovered activity 3-6 times back-
ground. One ml aliquots were added to 12 ml of
standard toluene based counting fluid, and external
standardization was used. Samples were counted with
around 16% efficiency.

Cold methotrexate. Commercial MTX (Lederle La-
boratories) was made up to a 2.5% solution in 50 mM
tris-chloride with 1 M KCI, pH 7.2. The buffer was
warmed to 40°C before use, and then cooled. The pene-
tration wells were filled with buffer (10 ml) and all air
bubbles were removed. MTX concentrations of 0.5%
and 2.5% were used, and 0.01 ml was applied to the epi-
dermal side of each well. A control group, using 0.03 ml
of buffer alone was always run in parallel. Light expo-
sure was kept to a minimum during these experiments,
because of the known photo-decomposition of MTX.
After 20 hours, aliquots were removed, checked for pH,
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and then assayed. Dimethylacetamide (DMAC) was also
used for making up the MTX as indicated. In these
experiments pure MTX powder was used, which was a
generous gift of Dr. Harriet Kiltie of Lederle Laborato-
ries.

Preparation and purification of dihydrofolate reduc-
tase. Dihydrofolate reductase was purified from Lacto-
bacillus casei strain MTX/R as reported elsewhere (8).
The enzyme assay is based upon the decrease in optical
density at 340 nonometres, using a multiple sample
absorbance recorder, Gilford model 2000. The method of
Mathews and Huennekens (9) was used except that the
buffer was tris-chloride, 50 mM, pH 7.5, and there was
no mercaptoethanol present. All incubations and assays
were carried out at 37° C, and under these conditions
one unit of enzyme activity will reduce one micromole
of dihydrofolate. In all cases, blanks were subtracted
from the results.

Biochemical assay of methotrexate. We used the prin-
ciple of Werkheiser et al. (10) based upon the standard
assay procedure. The stock L. casei dihydrofolate reduc-
tase was adjusted to 0.1 units/ml and stabilized with
albumin (0.1 mg/ml). The standard assay contained in
1.0 ml, 50 pumoles tris-chloride, pH 7.5, 0.01 unit en-
zyme, the sample, and the usual amount of dihydrofo-
late. The cuvette was pre-incubated for one minute at
37° C, and the residual activity assayed following the
addition of the standard amount of NADPH. Metho-
trexate was deemed to be absent from a solution when
the absorbance of the control and sample cuvettes was
similar. All assays were performed in triplicate, and the
average results compared with a graph of the inhibition
of the enzyme produced by known concentrations of
MTX. The sensitivity of the isotopic method is slightly
greater than the assay procedure, but the counting
method could include compounds derived from the
MTX by degradation or other alteration such that the
enzyme might no longer be inhibited. This could ex-
plain the uniform presence of radioactivity in samples
as compared to frequent absence of activity as measured
by the biochemical technique.

RESULTS

H?* methotrexate. Table 1 shows the results of
the assays using tritiated MTX in human and
hairless mouse skin. The amount penetrating

varied greatly between specimens, which is usug]
with this technique. However, it is clear that
MTX can penetrate the skin of both man ang
mouse when applied topically. With the varying
amounts of MTX used (0.5-32 ug/1.24 cm?), there
were no significant differences in percentage pen.
etration. However, with hairless mouse skin there
seemed to be a greater fraction absorbed with the
lower amounts used. Thus, at 32 ug/1.5 cm? there
was an average of 4.38% penetration compareq
with 16.3% at 0.5 ug/1.24 cm?.

Cold methotrexate. The results using human
leg skin are summarized in Table II. The soly.
tions were prepared as described above and each
set of four results refers to one group of adjacent
wells, each on a small portion taken from a large
specimen. Individual variations are again ex.
tremely wide and it is clear that the absorptiop
from weaker solutions is relatively more efficient.
There is a suggestion that DMAC helps absorp.
tion, as it reduced the number of zeros, but it diq
not change overall percentages penetrating at
each dose level.

COMMENT

These results show clearly that MTX can be
absorbed through the dermis and epidermis, byt
to a widely variable extent, even between pieceg
of skin immediately adjoining one another. Some
of this discrepancy may reflect variable adherence
to the stratum corneum (4). As the enzymic assay
for MTX is an optical one, the presence of other
compounds with an absorbance at 340 nano.
metres, whether these are of natural origin, de-
rived from bacteria, or foreign material, coulq
interfer with the assay. It is possible that some
drug taken by the patient could influence the
assay as well (11), as we had no records for the
sources of the skin used. Tissue health, bacteria]
action, the presence of drugs or their metaboliteg
could all influence the uptake of pteridines in the

TABLE 1
Tritium-labeled methotrexate
MTX applied % recovered from each sample Average recovered
Man 0.5 ug 20 hours 2.74, 2.83, 3.43, 5.717 3.69%
2.0 ug 20 hours 1.26, 1.54, 3.48, 4.19 2.74%
8.0 ug 20 hours 0.92, 1.98, 3.50, 8.24 3.88%
32.0 ug 20 hours 0.94, 2.45, 2.74, 6.95 3.27%
Mouse 0.5 ug 20 hours 11.83, 12.46, 14.36, 26.94 16.39%
2.0 ug 20 hours 8.25, 8.57, 11.07, 14.98 10.72%
8.0 ug 20 hours 2.47, 2.81, 4.42, 6.00 3.92%
4 hours* 0.62, 1.98, 5.39, 5.56 3.39%
20 hours* 2.34, 5.61, 11.02, 19.96 9.73%
32.0 ug 20 hours 3.12, 3.60, 3.94, 6.85 4.38%
4 hours* 1.09, 2.15, 2.36, 4.51 2.53%
20 hours* 2.89, 7.38, 11.77, 19.02 9.52%

* 4 hour and 20 hour samples were from same specimen.
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TABLE 11
Penetration of cold methotrexate
All incubations were for 20 hours.

Solverit nm;ll;td % MTX mi:::{ﬁg from each Average
Buffer 0.1 mg | 0,0, 10.0, 24.0 8.5%
0, 0, 8.0, 12.0 5.0%
0, 0, 4.0, 8.0 3.0%
Above series combined: 5.5%
Buffer 0.5mg| 0,0,0,0 0
0,0,4.8, 5.4 2.56%
0, 1.3, 1.3, 1.3 0.95%
Above series combined: 1.15%
DMAC |0.1 mg| 0,4, 12.0, 24.0 10.0%
4.0, 4.0, 18.0, 20.0 11.5%
0, 0,0, 12.0 3.0%
0, 0, 4.0, 8.0 3.0%
Above series combined: 7.15%
0.5mg| 0, 1.9, 2.7, 4.1 2.15%
1.0, 2.2, 5.0, 7.0 3.8%
0,0,0,2.2 0.55%
0, 0, 1.0, 1.0 0.50%
Above series combined: 1.75%
e |

skin, and perhaps also the level of activity of di-
hydrofolate reductase. It is known that folate de-
pletion predisposes to MTX toxicity (12), and in
laboratory animals MTX uptake is increased by
folate depletion (Newbold, P. C. H., unpublished
data). High levels of folate can reduce uptake (13),
and the rapidly growing cells of the psoriatic
population may be protected from inhibition until
systemic stores of folinic acid are exhausted (14).
Leukemic cells differ widely in their ability to
transport antimetabolites, and this favors the
selection of resistant lines (15). The same phe-
nomenon may be seen with the relatively imma-
ture cells of psoriatic plaques, although they may
also gain resistance by altering transport as do L
1210 leukemia cells (16). Rapidly growing cells
seem to be more vulnerable to killing by MTX
(17) so psoriatic tissue should respond, as indeed
it does after parenteral administration. Liver al-
teration of the drug remains a possibility, al-
though an unlikely one in view of the known fact
that the bulk of a dose is rapidly eliminated un-
changed in the urine (18). It has been shown that
a number of ions considerably influence the ac-
tivity of dihydrofolate reductase (19), so that pas-
sage of MTX through the tissues, especially if
they have been altered by death and disease, may
alter the assay. Nevertheless, our data show that
activity inhibitory to the enzyme is recovered
from the dermal side of the absorption wells.
Recent work has shown that there are non-spe-
cific binding proteins in a number of tissues,
which may be important in the uptake, storage
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and toxicity of MTX (8). Some work in progress
suggests that patients with psoriasis have a dif-
ferent pattern, with fewer binding proteins than
normal (20). This could explain tissue sensitivity,
and uptake patterns, as other evidence suggests
that an animal species has one dihydrofolate re-
ductase in all organs and tissues (21). We have
confirmed saturability of the uptake mechanism
as shown in other tissues (22). This may explain
the disparity of the results quoted above (3, 4).
Evidence to date suggests that a therapeutic ef-
l'e(-:t might be seen in psoriatic lesions by the ap-
plication of dilute solutions of MTX under occlu-
sion, protected from light, and following treat-
ment of the lesions with sodium azide (23). An-
other possibility, actively under investigation, is
that some other inhibitor such as a quinazoline
may be more effective (24). Antimetabolites can
be of great value topically (14) and it may be only
a matter of time until psoriasis also can be
treated in this way.

‘We acknowledge helpful advice from and discussions
with colleagues, especially Dr. Nigel Harding, Dr. Louis
Forman, and Dr. Arthur Rook. We also acknowledge the
technical assistance of Mrs. Carolyn Worth.
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