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enpox remain those defined by previous
observers: (1) Size of the elementary bodjes,
(2) their number inside cells and lying free,
(3) their distribution. The method was
found useful in the differential diagnosis of
variola from varicella. Its application for
establishing a positive diagnosis of chicken-
pox presents certain drawbacks: (a) Ele-
mentary bodies are not found in general in
chickenpox vesicles 4-7 days old, and some-
times even in more recent lesions, (b) Vari-
cella elementary bodies seem to lie near the
limit of visibility, and their detection requires
an effort on the part of the microscopist.

It should also be noted that the Guarnieri
bodies in human skin and other tissues are
Feulgen positive. Furthermore the Feulgen
technic seems to be a method of choice for
the study of Guarnieri bodies in tissue sec-
tions(8). The method was also applied with
good results to smears and sections of chorio-

allantois cultures of smallpox virus. Rickett-
siae could also be stained and differentiated
from extraneous matter by the same technic.

Summary. A method for staining elemen-
tary bodies of smallpox is described. The
method consists of the application of Feul-
gen’s method for desoxyribonucleic acid to
smears made of scrapings of the bottom of
skin lesions. The procedure seems to afford
the means for a quick diagnosis of small-
pox, and allows differentiation of virus par-
ticles from extraneous material.

Thanks are also due to Dr. Sagher of the Skin
department of this hospital, to Dr. Nelken of the
Worker’s Sick Fund Clinie, Jerusalem and Miss
Rabinowiteh, of the Bacteriology Department,
Hebrew University, for additional material.

8. Wolman, M., not yet published.
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Aminopterin (4 aminofolic acid, 4-amino-
pteroylglutamic acid) (1) is a highly toxic sub-
stance for certain microorganisms(1,2), mice
(3), guinea pigs(4), chicks(5), rats(5,6),
and man(7). In certain microorganisms (e.g.
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Streptococcus faecalis) (1) and to a lesser
extent in certain animals (e.g. mice)(3), its
inhibitory effects are prevented by relatively
high amounts of folic acid; for this reason,
and because of its close structural similarity
to the vitamin, aminopterin is considered al-
most universally to act iz vivo as an antago-
nist to folic acid. Especially in animals, how-
ever, and at relatively high levels of ad-
ministration in all organisms, it has not
proved possible to counteract the toxic effects
of aminopterin with folic acid(3,7), i.e. the
antagonistic relationship is not fully competi-
tive. If, under these circumstances, the in-
hibited reaction could be made non-essential
by furnishing its product, alleviation of the
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England J. Med., 1948, v238, 787.
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inhibition might be expected(8,9). Nothing
is known of the processes which folic acid
antagonists inhibit in animal tissues. In
lactic acid bacteria, however, folic acid is
thought to be essential for synthesis of
thymine and purine bases, since a mixture of
these substances replaces folic acid in the
nutrition of several organisms(10,11), and
counteracts growth inhibition of Lactobacillus
casei by methylfolic acid(9).

The present studies were undertaken to
determine the effect of aminopterin on the
developing chick embryo, and by testing the
effectiveness of various compounds in revers-
ing any observed effects, to throw some light
on the mechanism of action of this inhibitor
in animal tissues. Since these studies were
initiated or, Karnofsky, et al.(12) have re-
ported that aminopterin inhibits development
of the chick embryo. High levels of folic acid
(20 mg per egg) did not counteract these in-
hibitory effects.

Experimental. 'The procedures followed in
injecting solutions and incubating the eggs
were identical to those described by Cravens
and Snell(13) in similar studies with desoxy-
pyridoxine. All injections were in a total
volume of 0.1 ml. At higher concentrations,
where insolubility of aminopterin and folic
acid required it, these compounds were dis-
solved and injected as their sodium salts.

Results. Data of Table I show the effect
of injection of aminopterin prior to incuba-
tion on embryonic development. In sum-
marizing these data, no attempt has been
made to distinguish infertile eggs from those
in which the embryo died prior to the ap-
pearance of blood. Definite blood formation
was considered evidence that the embryo was
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at least in the second day of development at
death. Control eggs showed a mortality of
11.7% at 0-1 day of development and the
bulk of these embryos were infertile as
judged by the appearance of the blastodisc
(14). One hundred micrograms or more of
aminopterin inhibited embryonic develop-
ment completely. By gross examination,
such eggs could not be differentiated from
infertile eggs. As the amount of inhibitor
was reduced, the age at death increased for
a small percentage of the embryos. Ten
micrograms per egg still produced death of
all embryos at some stage of development
before hatching; the highest amount injected
which allowed any live chicks to hatch was
5 ug per egg. Even 2 pg per egg significantly
increased mortality. These results demon-
strate the extreme activity of aminopterin in
inhibiting embryonic development. They
agree well with those of Karnofsky et al.(12),
who found the LDsq of aminopterin to be
3 pg per egg when injected on the fourth day
of incubation. For subsequent work, 20 pg
of aminopterin was chosen as a convenient
amount which consistently - produced 100%
mortality, but allowed development to pro-
ceed sufficiently to permit detection of any
favorable effects exerted by other factors.
The effect of time of injection upon toxicity
of this amount of the inhibitor was de-
termined using 10 eggs per group. At three
days of incubation the inhibitory effect is
almost immediate, and 100% mortality still
results, while at 6 days a delayed toxicity was
evident which frequently produced death 2
to 6 days after the injection. Fifty per cent
of these embryos eventually hatched. When
injected at 9 or more days of incubation, this
amount of the inhibitor is non-toxic.

The effects of several compounds injected
in an attempt to countéract the inhibitory
action of aminopterin are shown in Table II.
All injections were made just prior to incuba-
tion. The compounds tested included folic
acid, vitamin Bj., thymidine, hypoxanthine
desoxyriboside, thymine, and hypoxanthine.
An enzymatic digest of desoxyribonucleic
acid,t and concentrates of the Leuconostoc

14. Kosin, 1. L., Poultry Sci., 1944, v23, 266.
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TABLE 1.
Effect of Aminopterin on Hatchability of Eggs.

Amt inj.

No. of

% embryos dying at

- BB
Substance injected ug eggs 0-1day 2-5days 6-20 days % hatch

Aminopterin 1000 31 100

7 500 15 100

7 200 15 100

»? 100 15 100

” 50 30 96.7 3.3

i 20 115 73.9 22.6 3.5

i 10 15 53.4 33.3 13.3

” 5 30 36.7 23.3 16.7 23.3

” 2 15 26.7 13.3 6.7 53.3
Water (.1 ec) 129 11.6 6.2 11.6 70.5
None 128 11.7 4.7 2.3 81.3

citrovorum factor: were also tested. None of
these substances showed any significant effects
on hatchability or mortality at the levels
tested when injected without aminopterin.
Folic acid, vitamin B;s, and concentrates
of the Leuconostoc citrovorum factor (LCF)
were ineffective in overcoming effects of the
inhibitor, both when injected singly and to-
gether, Thymdine in amounts of one or 2
mg per egg partially counteracted the inhibi-
tory effects of aminopterin. Not only were
some live chicks obtained, but consistent and
pronounced shift toward longer survival of
those embryos which died was evident. Thy-
mine at equivalent levels and at higher levels
(not recorded) was completely without ecect.
Although hypoxanthine desoxyriboside alone
was ineffective in overcoming aminopterin in-
hibition, it exerted a markedly favorable effect
when injected together with thymidine. Hypo-
xanthine plue thymidine was no more effective
than thymidine alone; thymine plus hypo-
xanthine desoxyriboside was ineffective. This
pronounced action of the desoxyribosides in
counteracting the effects of aminopterin is
underscored by the high hatch obtained when
an enzymatic digest of purified desoxyribo-
nucleic acid, prepared in such a manner as to

t This digest was the MgSO,; concentrate of
enzymatically hydrolyzed desoxyribonucleic acid
prepared by the method of Klein(15). It con-
taing the mixed desoxyribonucleosides derived from
the nucleic acid.

15. Klein, W., Z. physiol. Chem., 1938, v255, 82.

{ We are indebted to Dr. C. A. Baumann and to
Dr. T. R. Wood for concentrates of this factor..

contain the desoxyribosides, was injected. It is
of interest that combinations of thymidine
with either folic acid or LCF were not sig-
nificantly more active than thymidine alone,
however, when all 3 substances were injected
together, an apparent improvement in hatch-
ability resulted.

Discussion. Inhibition of growth by any
antivitamin results from failure of one or
more catalytic reactions for which the cor-
responding vitamin (or a coenzyme derived
from it) is essential. It has been generally
assumed in such cases(8,16), that a meta-
bolically inactive complex is formed be-
tween antivitamin and a specific protein
which prevents formation of a metabolically
active complex between the vitamin and this
protein. Where such an inhibitor-protein
complex is readily dissociable, inhibition can
be alleviated by sufficient amounts of the
appropriate vitamin. Where it is relatively
undissociated, no reason to expect a competi-
tive type of reversal exists(16). In the latter
case, growth should still be possible if the
products of the blocked reaction are supplied
in a utilizable form(8,9).

The results of the above experiments are
most readily interpreted in terms of this
hypothesis. Since the pronounced inhibitory
effects of aminopterin upon growth of the
chick embryo cannot be reversed by folic acid,
it may be assumed that complexes formed be-
tween aminopterin and the folic acid receptors

16. Ackermann, W. W,, and Potter, V. R., Proc.
Soc. Exp. Bion. axp MEb., 1949, v72, 1.
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TABLE II )
Effect of Various Compounds on the Inhibitory Action of Aminopterin.

Compound injected, amt.*

% embryos dying

SO
Xo.eggs 0-5days 6-20 days % hatech

None 128 16.4 2.3 81.3
Water (.1 ce) 129 17.9 11.6 70.5
Aminopterin, 20 ug 115 96.5 3.5 0
IR 1
4 Folic acid, 1 mg 15 100 0 0
4 Thymidine, 1’ 49 7. 12.2 10.2
—+ 7 2 9 . 11.1 111
-+ Thymine, b2 ! 10 100 0 0
+ Hypoxanthine desoxyriboside, 1 mg 10 100 0 0
+ LCF,t 33.3 ug 10 100 0 0
-+ Vit. Byg, 1 g 10 100 0 0
+ Thymidin:, 1 mg 4 folic acid, .1 mg 20 85 10 5
-+ ” 1 4 7 s 20 60 20 20
+ 27 177 and
Hypoxanthine desoxyriboside, 2 mg 19 36.8 31.6 31.6
-+ Thymidine, 1 mg and
Hypoxanthine, 1.1 mg 10 90 10 a
-+ Thymine, .52 mg and
Hypoxanthine desoxyriboside, 2 mg 10 100 @ 0
~+ Thymidine, 1 mg + LCFt 66.6 pg 10 80 10 16
+ bR 1 + 1 66.6 +
Folic acid, .5 mg 10 50 10 40
+ ‘77 1) ) bR + LCFf 6.7 ‘LLg _+_
Vit. Big, 1 ug 10 100 0 0
+ Desoxyribonucleic acid digest, 5 mg 10 50 0 50
* Thymidine (m.p. 185-186°, [«]25° (1% solution in NaOH) — 31.2°) and hypoxanthine
D

desoxyriboside, [a]23° (19 solution in water) = -20°) were isolated from sodium desoxy-
D

ribonucleate.

Other pure compounds were obtained from commercial sources.

1 66.6 ug of this concentrate was equivalent to approximately 1 ml of reticulogen (Lilly)
in growth-promoting power for Leuconostoc citrovorum. Concentrates of this factor counteract
the inhibitory effeet of aminopterin for L. citrovorum (2).

are much less dissociable than those formed
with folic acid itself. Since aminopterin inhi-
bition is partially counteracted by thymidine,
and more effectively counteracted by thymi-
dine plus hypoxanthine desoxyriboside, these
compounds would appear to be products, the
formation of which is normally catalyzed by
folic acid or its derivatives, and is prevented
in the embryo by aminopterin at the levels
employed here. The failure of hypoxanthine
desoxyriboside to show any effect in the ab-
sence of thymidine is readily explicable if
it is assumed that the first product to become
limiting because of the aminopterin-induced
folic acid deficiency is thymidine, the second,
hypoxanthine desoxyriboside (or its nutritive
equivalent), etc. The failure of mixtures of
these two products completely to counteract
aminopterin inhibition may result from par-
tial failure of other metabolic reactions for

which folic acid is required. This explana-
tion of the observed facts implies that at
concentrations of aminopterin considerably
lower than 20 ug per egg, thymidine should be
relatively more effective in counteracting
aminopterin inhibition, while at considerably
higher concentrations of aminopterin, mix-
tures of thymidine and hypoxanthine desoxy-
riboside might be relatively much less effective
in counteracting inhibition than was found
under the conditions used here. These im-
plications have not been checked experi-
mentally.

Previous work with bacteria had impli-
cated folic acid in the synthesis of products
related to thymidine and hypoxanthine de-
soxyriboside. In otherwise complete media,
for example, the folic acid requirement of
Streptococcus faecalis and of Lactobacillus
casei is eliminated by addition of thymine (or
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thymidine) and any one of several purine
bases to the medium(11); these same prod-
ucts counteract the inhibitory effects of
methylfolic acid for L. casei(9). The present
work demonstrates the existence of closely
similar mechanisms in higher animals. Dif-
ferences in detail exist, however. Thus, while
thymine and hypoxanthine are effective in
the cited bacterial systems, they are ineffec-
tive in the animal system, where the
corresponding desoxyribosides show activity.
A somewhat closer parallel to the results ob-
tained in the chick embryo is provided by a
strain of Esckerichia coli, in which the in-
hibition of growth produced by aminopterin
was counteracted by thymidine, but not by
vitamin By,, thymine, hypoxanthine or hy-
poxanthine desoxyriboside(17). Similarly,
with  Leuconostoc  citrovorum, thymidine
counteracts aminopterin inhibition(2) and
purine bases are required in the medium to
obtain this response(18). With this organ-
ism, however, concentrates of the L. citro-
vorum factor are highly active in counter-
acting aminopterin inhibition(2). Current evi-
dence indicates that this factor is a meta-
bolically active form of folic acid(2,19);
however, at the levels available for testing,
it was ineffective in counteracting amino-
pterin inbibition of embryonic growth under
our conditions. Larger amounts might prove
effective.

The decreased toxicity observed for amino-
pterin with increasing age of the embryo is
similar to that observed previously for desox-
ypyridoxine(13), and may have a similar
explanation. It was pointed out earlier that
the specific aminopterin-protein complex pre-
sumably formed in the embryonic tissue must

17. Franklin, A, L,, Stokstad, E. L. R., Hoff-
man, C. B, Belt, M., and Jukes, T. H., J. 4m.
Chem. Soc., 1949, v71, 3549.

18. Sauberlich, H. E., drch. Biochem., 1949,
v24, 263.

19. Bond, T. J., Bardos, T. J., Sibley, M., and
Shive, W., J."4dm. Chem. Soc., 1949, v71, 3852.

be relatively undissociable. Since the amount
of this specific protein (enzyme) present in
the embryo increases with embryonic de-
velopment, an increase in the amount of
aminopterin required for inhibition, i.e. an
apparent decrease in inhibitory activity, might
be expected. Ackermann and Potter(17)
have discussed the occurrence of inhibitors of
this nature, where the magnitude of the in-
hibitory effect is dependent upon the amount
of enzyme present in the system.

Summary. Aminopterin, injected prior to,
or early in, the incubation period, is highly
toxic to the chick embryo. Ten micrograms
or more of this compound produce 100% mor-
tality; 100 ug or more per egg completely in-
hibit embryonic development. The inhibitor
becomes relatively less toxic as embryonic de-
velopment progresses; at nine days or more,
twenty micrograms is non-toxic. The same
amount injected at three days results in almost
immediate embryonic death.

Thymidine partially counteracted the in-
hibitory effects of aminopterin. A combina-
tion of hypoxanthine desoxyriboside and thy-
midine was more effective than thymidine
alone. In the absence of thymidine, hypo-
xanthine desoxyriboside was without effect.
An enzymatic digest of desoxyribonucleic acid
also counteracted aminopterin inhibition par-
tially. Thymine, hypoxanthine, folic acid,
vitamin B,», and concentrates of the Leucono-
stoc citrovorum factor, alone and in various
combinations, were ineffective in counteract-
ing aminopterin inhibition.

These experiments indicate that amino-
pterin acts in animal tissues in part by pre-
venting synthesis of thymidine and one or
more of the purine desoxyribosides, and that
these compounds are immediately essential for
embryonic growth. Since aminopterin is
thought to act by creating a deficiency in
folic acid, the necessity for folic acid in
synthesis of these compounds in animal
tissues is implied.

Received April 3, 1950. P.S.E.B.M., 1950, v74.



