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mice, as compared to the untreated controls,
was observed(8). No significant modifying
effect of either progesterone or relaxin was
apparent.

Summary. Little or no increase in the per-
centage of positive mammary alveolar re-
sponses was obtained in ovariectomized mice

8. Gardner, W. U., and Pfeiffer, C. A., Physiol.
Rev., 1943, v23, 139.

treated with estrogen plus progesterone plus
relaxin as compared to those treated with
estrogen plus progesterone only. Progesterone
inhibited the pelvic relaxing effect of estrogen
or of estrogen plus relaxin. Neither progester-
one nor relaxin exerted any significant modify-
ing effect on the increased bone density result-
ing from estrogen administration.
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Domagk and associates(1) reported that
benzaldehyde thiosemicarbazone inhibited
growth of the tuberculosis bacillus in wvitro.
Certain derivatives of this compound were
found to protect experimental animals against
tuberculosis(2). Hamre ef al.(3,4) investi-
gated the effect of substituted benzaldehyde
thiosemicarbazones on other microorganisms.
The p-amino analogue was observed to delay
death and to protect a small percentage of
chick embryos and mice infected with vaccinia
virus. The p-acetamido -analogue was less
effective.

The present report deals with the effect of
benzaldehyde thiosemicarbazone and of several
para substituted derivatives on vaccinia virus.
The compounds used in the study were ob-
tained from Dr. A. F. Langlykke of E. R.
Squibb and Sens.

Experimental. 1In in vitro experiments the
CVII strain of vaccinia virus was cultivated

* These studies were aided by a contract between
the Office of Naval Research, Department of the
Navy, and Indiana University (NR134-718).
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in a medium containing minced chick embry-
onic tissues(5). The International Health
Division (IHD) strain of virus was employed
in én vivo tests(6). Mice, in groups of 6, were
inoculated with viral dilutions of 102, 10-3 and
10+ by the cerebral route. Materials to be
tested were fed to mice in a sucrose-casein diet.

Results. Benzaldehyde thiosemicarbazone
(No. 1) was found to inhibit completely viral
multiplication when present in a concentration
of 1 pg per ml of culture medium (Table I).
Substitutions in the para position of the ben-
zene nucleus reduced activity in all instances
{No. 2-8). The introduction of an isobutyl
group in the 4-position of the thiosemicarba-
zone portion of the molecule (No. 9) likewise
decreased in vitro activity. With the excep-
tion of compound No. 3, none of the sub-
stances was completely in solution when added
to the culture medium.

The failure of vaccinia virus to multiply in

the presence of thiosemicarbazones does not

appear to be due to inactivation of the virus
by these substances. Benzaldehyde thiosemi-
carbazone was added to Tyrode’s solution con-
taining 5% normal rabbit serum and a known
strength of vaccinia virus to give a concentra-
tion of 0.05 mg of the compound per ml of
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TABLE 1. Effect of Benzaldehyde Thiosemicarbazones on Vaceinia Virus,

Inhibition of viral growth ,—Protection of mice against virus—

in chick embryonie tissues (Intracerebral)
change in titer of virus (log) Treat- Proportionof mice Excess
Substituent in — — Cone. in  ment surviving infeetion survivors
p-position of  Cone. Inpresence Inabsence diet started ,————————— intreated
No. Dbenzenering (mg/ml) of compound of compound (%) (day) Treated Untreated groups
Benzaldehyde thiosemicarbazones
1 — Jd -2 * 1.9 .02 -2 10/16 2/16 8
.01 -1.6* 1. .04 -2 11/17 2/16 9
.08 -2 10/15 2/16 8
001 —2.2% 1.5
.03 -3 8/18 4/18 4
.04 -2 9/18 4/18 5
04 -2 13/18 2/18 11
04 0 10/18 2/18 8
.04 2 /17 2/17 3
.04 2 6/18 2/18 4
04 -2 9/18 1/17 8
.04 -2 12/18 3/18 9
.04 -2 9/17 1/17 8
.04 -1 13/18 6/18 7
.03 -3 17/18t  7/18t 10
2 hydroxy .03 -5 1.9 .04 -2 5/17 5/18 0
.04 -1 6/18 3/18 3
3 amino 1 - .7 1.9 .04 -2 4/15 2/17 2
04 -1 2/17 1/17 1
04 0 7/17 5/17 2
4 acetamido i 1 1.9 04 0 5/18 1/18 4
.05 -2 3/17 6/18 -3
.06 -3 0/18 4/18 -4
1 0 2/17 . 1/18 1
3 dimethylamino .03 - .3 1 .04 -3 5/18 6/18 -1
G isopropyl .05 2 * 1 04 -3 1/18  3/18 -2
005 N 1.3
7 cthylsulfonyl .05 -1.3% 1.9 04 -1 5/17 4/18 1
.01 1 1.5 .04 -1 10/18 5/18 5
.06 -2 3/18 3/18 0
8 isobutoxy .03 -2.3% 1.4 025 -2 5/18 3/18 2
005 -1 1.5 04 -2 7/18 3/18 4
.04 -1 4/18 1/18 3
04 1 5/18 2/17 3
Benzaldehyde 4-isobutyl thicsemicarbazones
9 —_ .05 -5 1 -3 5/18 6/18 -1
10 acectamido .03 -3 1.4 .04 -2 2/18 3/18 -1
11  dimethylamino .05 oA 1 04 -3 5/18 6/18 -1
12 ethylsuifonyl .05 2.3 1.9 .04 -3 6/18 6/18 0

* Or greater,

t Mice were inoculated with the WR strain of virus; in all other experiments the IHD strain was

used.

medium. After incubation at 32°C for two
days the concentration of virus was found to
have decreased 2.3 log units. In correspond-
ing control tests the reduction was 1.9 log
units. In a comparable experiment with the
p-acetamido analogue, using a concentration
of 0.1 mg per ml of medium, reductions of
2.8 and 2.2 log units, respectively, were ob-
tained.

In in vivo tests, benzaldehyde thiosemicar-
bazone was found to be more active than any

other member of the series (Table I). In
14 experiments in which this compound was
fed in the diet in concentrations varying from
0.02 to 0.08%, 144 of 244 treated mice (59%)
survived in contrast to 40 of 243 untreated
animals (16%). Treated mice which suc-
cumbed to infection died on the average of
one day later than the corresponding con-
trols. In one experiment benzaldehyde thio-
semicarbazone was used for the treatment of
mice inoculated intracerebrally with the WR
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(Western Reserve) strain of vaccinia virus.
In this experiment, 17 of 18 treated mice
survived as compared to 7 of 18 untreated
animals,

The number of survivors in treated groups
exceeded the number in control groups in ex-
periments with p-amino (3 of 3), p-isobutoxy
(4 of 4), p-ethylsulfonyl (2 of 3), p-hydroxy
(1 of 2) and p-acetamido (2 of 4) analogues.

Discussion. Although benzaldehyde thio-
semicarbazone inhibits growth of the tuber-
culosis bacillus in vitro(1,7), it is relatively
inactive in vivo(8,9). Derivatives of benzalde-
hyde ‘thiosemicarbazone with ethylsulfonyl,
acetamido(2), amino and dimethylamino(8,9)
'substituents in the para position of the benzene
nucleus are very effective for the treatment of
tuberculosis in experimental animals. These
substances, however, have been observed to
produce little or no protection against vaccinia
infection in mice. In contrast, the unsubsti-
tuted compound exhibits a marked degree of
protection of mice against vaccinia virus.

The mode of action of the thiosemicarba-
zones in tuberculosis has not been established.
Domagk (10) has expressed the view that the
therapeutic effects observed are the result of a
direct action of these compounds on the tuber-
culosis organism and not a consequence of
some theoretical indirect action on the host.
In the case of vaccinia virus, it was observed
that the compounds (No. 1, 8) which were
most virustatic in vitro were the most effective
materials in protection tests. Since the
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thiosemicarbazones do not appear to inactivate
the virus as the result of prolonged contact,
it may be assumed that they act, not by a
direct virucidal action, but by interference

“with proliferation of the infectious agent. The

inhibition of viral multiplication may be the
result either of a direct action by the thio-
semicarbazones on the virus or indirectly,
possibly by alteration of the metabolic pro-
cesses of the tissues of the host.

It is of interest to note that certain phen-
oxythiouracils protect mice against vaccinia
virus(6). These compounds, like the thiosemi-
carbazones, contain a thiourea group. When
administered in the diet, the dosage of
phenoxythiouracils required to protect mice
against vaccinia virus is 10 to 20 times greater
than that of thiosemicarbazones. Active mem-
bers of both groups of compounds are rela-
tively insoluble in distilled water.

Summary. Benzaldehyde thiosemicarba-
zone prevents multiplication of vaccinia virus
in chick embryonic tissues when present in a
concentration of one ug per ml of medium.
Substitutions in the para position of the
benzene nucleus or in the 4-position of the
thiosemicarbazone portion of the molecule re-
duce virostatic activity. 2. When fed in the
diet, benzaldehyde thiosemicarbazone produces
a marked degree of protection of mice inocu-
lated intracereprally with vaccinia virus. De-
rivatives with substitutions in the paera posi-
tion of the benzene nucleus or in the 4-posi-
tion of the thiosemicarbazone portion of the
molecule produce little or no protection
against vaccinia infection in mice. 3. The
thiosemicarbazones do not appear to inacti-
vate vaccinia virus as the result of prolonged
contact in vitro.
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