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The Chemotherapy of Variola Major Infection
D. J. BAUER,1 K. R. DUMBELL,2 PATRICIA FOX-HULME2 & P. W. SADLER3

In view of earlier work which suggested that certain derivatives of isatin P-thiosemi-
carbazone might be of possible clinical use in smallpox infections, several such derivatives
have been tested for antiviral effect in infant mice inoculated intracerebrally with up to
103 LD50 (Up to 106.5 pock-forming units) of the Harvey strain of variola major virus.

Survival of 100% was obtained in mice treated twice daily with N-methylisatin
,-thiosemicarbazone in a dose level of 10 mglkg, isatin ,B-thiosemicarbazone in a dose level
of 25 mg/kg and 7-methylisatin fi-thiosemicarbazone at 10 mg/kg, the treatment beginning
immediately after infection. No evidence of toxicity was observed at these dose levels.
At lower dose levels of these and other related compounds complete protection was not
obtained, but a chemotherapeutic effect was demonstrated by a prolongation of the mean
survival time. Mice which had survived variola infection after treatment with an adequate
dose of chemotherapeutic agent were immune when challenged with 10i pock-forming
units of rabbitpox virus.

As part of a larger programme devoted to the
chemotherapy of pox virus infections, a number of
derivatives of isatin f-thiosemicarbazone (see Fig. 1;
I: R = R' = H) have been tested for chemothera-
peutic action against variola major infections in
infant mice. N-ethylisatin ,B-thiosemicarbazone
(Fig. 1; I: R = C2H5, R' = H) has been shown to
exert a marked chemotherapeutic effect in infant mice
infected with alastrim virus (Bauer & Sadler, 1960b)
in dose levels as low as 5 mg/kg. This activity is
sufficiently high to suggest that this class of com-
pounds might be of possible clinical use. Smallpox
virus exists in two forms, however-alastrim and
variola major-and the type of illness produced by
the latter is the more severe and is associated with a
much higher mortality. It is therefore desirable to
ascertain whether these compounds are capable of
exerting a useful degree of chemotherapeutic effect
against the causative agent of the more serious type
of smallpox infection, particularly in view of the
marked difference in chemotherapeutic sensitivity
which has been found between cowpox and its white
variant (Bauer, 1961).

Earlier work (Bauer & Sadler, 1960a) has clearly
defined the structural requirements necessary for the
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retention of antiviral activity by heterocyclic thio-
semicarbazones in neurovaccinia infections in mice.
Subsequent tissue culture studies have confirmed
these findings for neurovaccinia and rabbitpox
(Sheffield, Bauer & Stephenson, 1960) but slightly
different structural requirements were found with the
chemotherapeutic agents which are effective in
ectromelia infections (Bauer & Sadler, 1961). Hence,
representative compounds with high activity against
vaccinia infections were selected for the present
study. The compounds tested also included N-
methylisatin f-4': 4'-diethylthiosemicarbazone (see
Fig. 1; II: R = CH3, R' = H, R" = C2 H.), which
is highly active against ectromelia infection but not
against vaccinia, and isatin /3-semicarbazone, which
is inactive against vaccinia infection as the result of
the replacement of the sulfur atom in the side-chain
of (I) by oxygen.

MATERIALS AND METHODS

Compounds
The preparation and properties of the compounds

used in the present investigation have been described
previously (Bauer & Sadler, 1960a, 1961).

Animals
Litters of Swiss mice 2-6 days old were used,

as susceptibility to infection with variola major virus
falls rapidly with increasing age of mice. Two or
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FIG. I
DERIVATIVES OF ISATIN B-THIOSEMICARBAZONE
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more litters of the same age and approximately the
same weight were pooled and redistributed to the
does, each litter thus reconstituted forming one
experimental group.

Virus

Variola major. The chemotherapy tests were con-
ducted with the Harvey strain, which has been
designated the international reference strain of
variola major virus (Fenner & Burnet, 1957). This
virus has been kept as a glycerolated suspension of
the second egg passage at -20°C. At intervals of
several weeks a group of 12-day chick embryos were
inoculated on the chorioallantois with a dilution of
this suspension expected to give confluent lesions.
The chorioallantoic membranes were harvested after
3 days' incubation at 35°C and a crude extract was
made in 0.004M (pH 7.4) Mcllwaine buffer. After
centrifugation at low speed, the supernatant fluid
was removed and virus was deposited from it by

high-speed centrifugation (6000 g for 30 minutes).
The deposit was resuspended in a small volume of
buffer, partially clarified by low-speed centrifugation
and stored at 4°C. The suspension was standardized
by titration on the chick chorioallantois and this was
repeated at intervals of 2-3 weeks. When the titre had
fallen to 10% of its original value a fresh suspension
was made. Latterly it was found more convenient to
store the virus suspension in ampoules at -70°C.
At this temperature the titre remains constant over
long periods and replicate experiments may be set up
with confidence.

Rabbitpox. The Utrecht strain of rabbitpox virus
was passed six times on the chick chorioallantois and
a suspension of infected membranes was centrifuged
at low speed. The supernatant fluid was mixed with
glycerol and stored at -20'C.

Technique ofantiviral chemotherapy test
All the mice of the experimental groups available

on a particular day were weighed and inoculated
intracerebrally with 0.01 ml of virus-containing
material in a dose ranging from 103 to 5 x 106 pock-
forming units. The doses most often used were
approximately 105 and 106 pock-forming units per
mouse. This corresponded to about 103 and 104
mouse LD60. One group was set aside as a control
and the other groups were treated. The test com-
pounds were suspended in distilled water in a con-
centration which brought the volume to be injected
within the range 0.001-0.03 ml. The precise volume
was calculated from the selected dose level and the
average weight of the mice and was injected sub-
cutaneously with a micrometer syringe twice daily,
beginning at the time of infection and continuing for
5 days. The mice were observed for 14-21 days, and
the times of death were recorded to the nearest
half-day. Deaths occurring up to 48 hours after
infection were not included, as they were considered
to be unspecific.

RESULTS

In the untreated, control mice signs of infection
appeared after 2-6 days, depending on the dose of the
virus used for infection. The animals became
irritable, often with a pronounced tremor, and ran
about the cage instead of remaining in the nest.
Shortly after this stage they became cyanosed,
paralysis of one or more limbs developed and the
animals died.
The rate at which the infected mice died, expressed

as the mean reciprocal survival time, was shown to
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bear a linear relation to the log dose of virus inocu-
lated, as shown in Fig. 2. This relation is similar to
that previously shown for other pox viruses (vaccinia
and ectromelia; see Bauer, 1958, 1960). The regres-
sion line was computed by the method of least
squares, and the regression coefficient was found to
be -0.0528; the Dovalue (Bauer, 1960) corresponded
to about 5 pock-forming units. This predictable
response in 2-6-day-old mice contrasts with the
irregular results which Brown, Elsner& Officer (1960)
report in weanling mice weighing 6-8 g.
The signs of illness could be suppressed and death

could be prevented by treatment with an adequate
dose of chemotherapeutic agent; the results are
shown in Table 1.

Isatin ,B-thiosemicarbazone conferred complete
protection at a dose level of 25 mg/kg. At 50 mg/kg
and 100 mg/kg a few deaths occurred in the treated

FIG. 2
DOSE-RESPONSE CURVE OF VARIOLA MAJOR VIRUS IN

INFANT MICE INFECTED INTRACEREBRALLY a

a Each point represents the mean value for I litter of
3-8 mice; 149 mice were used in all.

TABLE 1
ANTIVIRAL CHEMOTHERAPEUTIC EFFECT OF ISATIN
13-THIOSEMICARBAZONE AND DERIVATIVES IN INFANT
MICE INFECTED INTRACEREBRALLY WITH VARIOLA

MAJOR VIRUS

Compound TDose level Treated aF Control a
~(m g/kg

Isatin 13-thiosemi- 100 2/5 5/5
carbazone

50 1/10 13/13
25 0/4 5/5

10 1/5
6/

5 4/6f 6/6

N-Methylisatin B-thio- 50 0/4 5/5
semicarbazone

25 0/3 5/5

10 1/11 12/12

5 1/12 12/12

2.5 8/14 16/16

N-Ethylisatin B-thiosemi- 100 0/5 5/5
carbazone

50 2/20 20/20

25 2/10 11/11

20 3/11 22/22

10 3/6 6/6

5 5/15 14/14

7-Methylisatin B-thio- 50 0/5 414
semicarbazone

20 0/7 7/7

10 015 6/6

5 5/5 4/4

Isatin B3-semicarbazone 100 8/8 8/8

N-Methylisatin i-4': 4'-
diethylthiosemicarbazone 20 8/8 818

5-Carboxymethylisatin
13-thiosemicarbazone 100 7/7 8/8

a The numerator shows the number of mice dying and
the denominator the number of mice in the group.

animals which were probably due to toxicity of the
compound. The dose conferring 50% protection lay
between 10 mg/kg and 5 mg/kg. N-methylisatin
/3-thiosemicarbazone also gave complete protection
at a dose level of 25 mg/kg and almost complete
protection down to 5 mg/kg; the dose conferring
50% protection lay between 5 mg/kg and 2.5 mg/kg,
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TABLE 2

PROLONGATION OF SURVIVAL TIME IN INFANT MICE INFECTED INTRACEREBRALLY WITH VARIOLA MAJOR VIRUS
AND TREATED WITH LOW DOSES OF ISATIN t-THIOSEMICARBAZONE AND ITS DERIVATIVES

Substituent

None

N-Methyl

N-Ethyl

N-Propyl

N-Acetoxymethyl

N-Acetoxyethyl

N-R-Hydroxyethyl

Dose level Log virus
(mg, kg) inoculum (PFU)

2.5

1.5

2.5

10

10

10

5

2.5

10

10

10

5

6.5

6.5

4, 4

3/2,

6.2 6%

4.9

5.9

6.2

6.2

8, 1C

6, I

7,

5.5 3, 32'.

6.7

6.7

6.2

6.2

3,

3,

7,

5,

Day of death

Treated a Control

4/2, 5, 5, 5, 5 2%, 3,3,3,3/A3%, 3%, 4,4
4,4,4,6,6,6 333/2,4,4,4

8, 9, S, S, S 3, 3, 3, 3/2, 3/2, 4, 4

D,14%, S, S, S 3%, 4, 4, 4, 5, 8

5,8, S, S 3/2, 3/2, 3/2, 4

rY2, 8, S, S, S 2%, 3, 3, 3%2, 4, 4

7,9, 10, S, S 2%/2, 3, 3, 3,/2, 4, 4

,32, 4, 4, 6, 6, 7 3, 3, 3%/2, 4, 4, 4, 6

4,4,4,5,7,7 3,3,3,3,4,4,4

,4,4,4,4,5 3,3,3,3,4,4,4

7, 7, 10, S, S 3, 3, 3, 3, 3, 4, 4

,7,7,77,7,9 3,3,3,3,3,4,4

Mean reciprocal
survival time

Treated Control

0.22 0.30

0.24 0.27

0.07 0.30

0.05

0.08

0.07

0.08

0.24

0.22

0.26

0.09

0.15

0.23

0.28

0.31

0.31

0.27

0.30

0.30

0.31

0.31

1 :7-Trimethylene

7-Chloro

2.5

10

2.5

5

2.5
7-Methyl

5.5 4, 4, 5, 5, 6, 6, 8, 8

5.8

5.5

5.7

5.5

3, S, S, S

6, 6, 7, 7, 8, 8

5, 7, 7, 7, 8

6, 7, 7, 7, 7

3, 3, 31/2, 4, 4, 4, 6

3, 3, 3, 3, 6, 6 0.08

4, 4, 4, 4, 4, 5 0.15
I -

3, 3/i, 4, 5Y/2 0.15

4,4,4,4,4,5 0.15

1 S = discarded healthy after 14 days.

and no signs of toxicity were observed in the mice
treated with dose levels up to 50 mg/kg. N-ethyl-
isatin 3-thiosemicarbazone had a marked antiviral
effect down to 20 mg/kg, but the results were some-

what irregular; 7-methylisatin /3-thiosemicarbazone
gave complete protection at a dose level of 10 mg/kg,
and the dose conferring 500% protection lay between
5 mg/kg and 10 mg/kg.
At dose levels which failed to give complete pro-

tection a prolongation of the mean survival time of
the treated mice was observed, as shown in Table 2.
Thus, mice treated with isatin ,3-thiosemicarbazone
at a dose level of 2.5 mg/kg died after a mean period
of 4.6 days, compared with a mean period of 3.3

days in the controls. A similar effect was noted at
1.25 mg/kg, and in similar experiments with the
3-thiosemicarbazones of N-methyl, N-ethyl, N-
hydroxyethyl, N-propyl, 1: 7-trimethylene, N-acet-
oxymethyl and N-acetoxyethylisatin. Reference
to Fig. 2 shows that the reduction in mean

reciprocal survival time of 0.06 observed with isatin
/-thiosemicarbazone is equivalent to a 13-fold
reduction in the infecting dose of virus. This can be
regarded as a measure of the antiviral effect of the
compound in question at this dose level. Similarly,
N-methylisatin /3-thiosemicarbazone at 2.5 mg/kg
produced an antiviral effect equivalent to a reduction
of 27 000-fold in the virus inoculum.

0.19 0.27

0.28

0.24

0.26

0.24
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Thirty-one mice which had been treated with
isatin P-thiosemicarbazone or the N-methyl and
N-ethyl derivatives at dose levels of 25 mg/kg and
50 mg/kg and which had survived for 16 days
without showing any signs of infection were chal-
lenged intracerebrally with 105 pock-forming units of
rabbitpox virus. Twenty control mice infected at the
same time died after 2-3 days, whereas the treated
mice all survived without showing signs of infection
and were discarded in apparent health after 13 days.
These observations show that during treatment with
the chemotherapeutic agents sufficient multiplication
of the virus occurs to stimulate the development of
immunity. A similar situation has been observed
during the treatment of mice infected with vaccinia
and rabbitpox viruses (Bauer, 1955; Bauer &
Sheffield, 1959).
The lack of activity of isatin ,3-semicarbazone at a

dose level as high as 100 mg/kg and of N-methyl-
isatin ,B-4': 4'-diethylthiosemicarbazone is in accord-
ance with their lack of activity against vaccinia.

DISCUSSION

Two closely related groups of compounds have
pronounced chemotherapeutic activity in pox virus
infections; they are substituted isatin ,B-thiosemi-
carbazones (I) and substituted isatin fl-4': 4'-dialkyl
thiosemicarbazones (II). The conformation of the
active molecules is essentially the same in both
groups of compounds. The strong six-membered
intramolecular hydrogen bonded rings which are
present in compounds with unsubstituted side-
chains (I) are considerably strengthened in deriva-
tives bearing 4': 4'-dialkyl substituents (II), as
indicated by an analysis of their infra-red spectra
both in solution and in the solid state (Sadler, 1961a).
Biochemically the two groups differ in that loss of
the elements of water from the 2-carbonyl group and
the 4'-amino group in derivatives of (I) could result
in the formation of tricyclic dihydrothioindolotri-
azines which might have antimetabolite activity.
However, condensations of this type could not be
demonstrated in vitro (Sadler, 1961b). It follows that
differences in antiviral activities in these compounds
are most likely to result from a combination of
effects due to steric properties, charge distribution
and lipid/water partition. The derivatives of (II)
have pronounced activity against ectromelia, whereas
derivatives of (I) are effective in a number of other
pox virus infections. The results of the present work

show that the antiviral chemotherapeutic activity of
isatin /3-thiosemicarbazone (I: R = R' = H) and
certain of its derivatives which can be demonstrated
in animals infected with vaccinia, rabbitpox, white
cowpox (Bauer, 1961) and alastrim viruses also
extends to infections with variola major virus.
From the limited information so far obtained the

structure-activity relationships of the chemothera-
peutic effect against variola major virus appear to
obey conditions similar to those observed with
vaccinia (Bauer & Sadler, 1960a). Anti-variola
activity is lost when substituents are introduced into
the side-chain of (D in the 4-position. Similarly,
replacement of sulfur by oxygen (isatin /3-semicar-
bazone) leads to loss of activity. Also, as in the vac-
cinia series, large substituents in the aromatic ring
in positions 5 and 6-and, to a lesser extent, 4 (I: R')
-are incompatible with anti-variola activity, but
fairly large substituents may be tolerated in the 7-
position without loss of activity. This is in agreement
with the earlier observation that ring substituent
effects are essentially steric, rather than inductive or
mesomeric. Another similarity is that activity is
increased by the introduction of alkyl groups on the
ring nitrogen of (1). The results for vaccinia were
found to be as follows: R = H, 100; R = methyl,
202; R = ethyl, 286; R = propyl, 44; R = pentyl,
28.5. The requirements for variola differ slightly in
that the N-ethyl derivative appears to be less active
than the N-methyl.
One of the major factors determining activity in

the vaccinia series was the lipid solubility of the
derivatives. It was thought that this enabled the
compound to reach the neurotropic strain of
the virus used in the assay, as the logarithms of the
chloroform solubilities of the compounds showed a
positive correlation with antiviral activity (correla-
tion coefficient 0.775). However, in the case of
variola major, lipid solubility may not be a prime
requirement, but strongly polar substituents which
reduce lipid solubility to zero are probably still
excluded; e.g., 5-carboxymethylisatin /3-thiosemi-
carbazone (I: R' = CH2COOH, R = H; Table 1) is
inactive. The lack of activity of N-methylisatin
,B-4': 4'-diethylthiosemicarbazone (II: R = CH3,
R'= H, R"= C2H5), which is active against ectromelia
and not against vaccinia or rabbitpox, confirms that
variola major falls into the latter group of viruses in
its chemotherapeutic sensitivity. Variola major is
also less sensitive than alastrim, which responds to
treatment with N-ethylisatin /3-thiosemicarbazone at
a dose level of 2.5 mg/kg (Bauer & Sadler, 1960b).
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RtSUMt

Dans un article pr6cedent on a demontr6 l'effet chimio-
th6rapique antiviral de la thiosemicarbazone d'6thyl-1
isatine chez des souriceaux blancs inoculs par voie
intrackr6brale avec le virus de la variola minor; dans la
pr6sente 6tude on montre que cette action s'etend
6galement aux infections virales de la variole asiatique
(variola major), forme la plus grave de cette maladie
chez l'homme.
On a inocule, par voie intracerebrale, avec la souche

internationale de r6ference Harvey du virus de la variola

major des souriceaux blancs ages de 2 i 5 jours; on a
administre par voie sous-cutan6e, 2 fois par jour pendant
5 jours, le produit chimique 6tudie. Chez les animaux
ainsi trait6s avec une dose r6p6tee de 10 mg de thio-
semicarbazone de methyl-1 isatine, par kg de poids corpo-
rel, on a pu constater une protection totale pour une inocu-
lation de virus de 104-105 DLE0 qui est letale pour tous les
animaux temoins. On a obtenu des resultats similaires
avec des souriceaux traites par les thiosemicarbazones
d'ethyl-l isatine et de m6thyl-7 isatine.

REFERENCES

Bauer, D. J. (1955) Brit. J. exp. Path., 36, 105
Bauer, D. J. (1958) Brit. J. exp. Path., 39, 480
Bauer, D. J. (1960) Brit. J. exp. Path., 41, 130
Bauer, D. J. (1961) Brit. J. exp. Path., 42, 201
Bauer, D. J. & Sadler, P. W. (1960a) Brit. J. Pharmacol.,

15, 101
Bauer, D. J. & Sadler, P. W. (1960b) Lancet, 1, 1110
Bauer, D. J. & Sadler, P. W. (1961) Nature (Lond), 190,

1167

Bauer, D. J. & Sheffield, F. W. (1959) Nature (Lond),
184, 1496

Brown, A., Elsner, V. & Officer, J. E. (1960) Proc. Soc.
exp. Biol. (N. Y.), 104, 605

Fenner, F. & Burnet, F. M. (1957) Virology, 4, 305
Sadler, P. W. (1961a) J. chem. Soc., p. 957
Sadler, P. W. (1961b) J. chem. Soc., p. 243
Sheffield, F. W., Bauer, D. J. & Stephenson, S. M. (1960)

Brit. J. exp. Path., 41, 638


