
CHAPTER 5 

The Thiosemicarbazones 

C.J.PFAU 

A. Introduction 

The thiosemicarbazones stand as milestones in the emerging era of the specific 
treatment of viral diseases. They were the first true antiviral substances to be syn
thesized; although a number of random events had to take place before their poten
tial was realized. The thiosemicarbazones were the first compounds to be found ac
tive in virus-infected animals. They were also the focus of the first systematic stud
ies on the relationship between chemical structure and antiviral activity. Further
more, these compounds were the first to be effective in humans and placed in clini
cal medicine. Finally, there are no other compounds known which appear able to 
block the genetic expression of such a wide variety of viruses. 

There is an impressive literature on the antitumor activity of the thiosemicar
bazones (SARTORELLI et al. 1977; AGRAWAL and SARTORELLI 1978; PETERING 1980). 
Even though a well-established link exists between viruses and malignancy, this 
area will not be included here. Two excellent reviews on the antiviral activity of the 
thiosemicarbazones are available (BAUER 1972; LEVINSON 1973). I will largely avoid 
an in-depth coverage of the same material, but will stress literature published in 
the last 10 years. 

B. History 

The first publication about an effective antiviral agent virtually escaped attention. 
In 1950, HAMRE et al. reported that p-aminobenzaldehyde-3-thiosemicarbazone 
(Fig. 1, Rl = NH2, R2 = H, R3 = H) caused a significant delay in death, as well 
as survival of a small percentage, of chick embryos and mice infected with vaccinia 
virus. At that time there was a general atmosphere of pessimism about the discov
ery of antiviral agents. This mood was enhanced by the unfortunate false start 
made with the discovery that antibacterial agents were effective against the rickett
sia and lymphogranuloma-psittacosis groups, considered for many years to be 
viruses. However, it was the sensitivity of the tuberculosis bacillus to the thiosemi
carbazones that led HAMRE and colleagues to test these compounds against viruses. 
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The antibacterial activity ofthiosemicarbazones appears to have been revealed 
by chance. DOMAGK (the discoverer of the first sulfa drugs), when engaged in struc
ture-activity studies with BEHNISCH, found that sulfathiazoles were potent in
hibitors of Mycobacterium tuberculosis (DOMAGK et al. 1946). Further structure
activity studies led to the synthesis of sulfathiadiazoles. Essential intermediates in 
the latter's preparation were 2-aminothiadiazoles which were formed from the cor
responding thiosemicarbazones by oxidative ring closure with ferric chloride. One 
of the thiosemicarbazones synthesized, and tested for biologic activity, was benz
aldehyde thiosemicarbazone (Fig. I, Rl = H, R2 = H, R3 = H). It has been 
claimed (BOCK 1957) that at the time of this discovery the investigators at I.G. Far
ben also found that benzaldehyde thiosemicarbazone had no activity against a 
variety of pathogenic microorganisms. These included, pneumonia virus of mice, 
influenza virus, lymphocytic choriomeningitis virus, and two members of the pox
virus family - ectromelia and canarypox. Many years later, in the same laborato
ries, the murine antipox activity ofthiosemicarbazones was confirmed (BOCK 1957) 
and shown to be quite dependent on the strain of virus used. 

Benzaldehyde thiosemicarbazone was first synthesized by FREUND and SCHAN
DER 44 years prior to the discovery of its biologic potential. In that era, semicar
bazide (Fig. 2, X = 0) was standardly used as a derivatizing agent for aldehydes 
and ketones. FREUND and SCHANDER (1902) suggested, apparently without histor
ical impact, that thiosemicarbazide (Fig. 2, X = S) should be used instead, because 
the presence of the sulfur atom could be easily detected in the precipitates 
(thiosemicarbazones) formed in the presence of aldehydes or ketones in a reaction 
mixture. 

C. Chemistry 

This part of the review is centered on studies of the introduction of substituents 
into various thiosemicarbazones and the subsequent effect on the compounds' 
antiviral properties. Many of the key structure-activity relationships were estab
lished in mice infected with poxviruses, and were subsequently shown to hold true 
in studies with other virus families. However, as shown in many of the following 
sections, antiviral agents with in vitro activity have been found or tested much 
more frequently than those with in vivo effectiveness. The structure-activity rela
tionships found in anyone of these systems should not necessarily be taken to hold 
true for the other, even though the same virus was used. The investigations dis
cussed here will be divided into sections dealing with specific types of thiosemicar
bazones. The radical nomenclature is that which is currently accepted (RIGAUDY 
and KLESNEY 1979). 
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I. Aryl Thiosemicarbazones 

The thiosemicarbazone (TSC) first chosen for antiviral studies by investigators at 
the Squibb Institute for Medical Reseach was p-aminobenzaldehyde-TSC (Fig. 1, 
Rl = NH2, R2 = H, R3 = H), because it was the most water-soluble compound 
in their collection (HAMRE et aI. 1950). One of the initial reliable methods for testing 
antiviral agents had just been developed there (BROWNLEE and HAMRE 1951) with 
vaccinia as the model virus. The compound was indeed shown to have chemothera
peutic activity in vaccinia-infected eggs and mice. It was most fortunate that this 
virus was used because it would be another 10 years before other thiosemicarba
zones were found that had activity against nonpox viruses (O'SULLIVAN and SAD
LER 1961; see Sects. C.IV, D.IV). This initial investigation also included one other 
thiosemicarbazone:p-acetamidobenzaldehyde-TSC (Fig. 1, Rl = CH3-C-NH-, R2 

II 
o 

= H, R3 = H). It was somewhat less active than the primary compound, but sig-
nificantly more toxic (the 10% aqueous triethylene glycol necessary for solubiliza
tion was innocuous). 

A wider series of benzaldehyde thiosemicarbazones was then studied for 
antiviral activity. HAMRE et aI. (1951) found that substitution of glucose or cyclo
hexane for the benzene ring resulted in almost complete loss of activity. The sub
stitution of oxygen for sulfur in the thiosemicarbazone moiety also caused loss of 
activity (greatly reduced activity of semicarbazones would be repeatedly shown in 
future investigations with related compounds). Furthermore, thiosemicarbazide 
(Fig. 2, X = S) had little, if any, activity (another result that would be confirmed 
in most later investigations). The effect of substitutions in the benzaldehyde moiety 
(other than the p-amino and p-acetamido groups) on chemotherapeutic activity 
was examined next. Nine compounds were substituted in the 4 position (Fig. 1), 
two were disubstituted in the 3 and 4 positions, and the last was unsubstituted. The 
disubstituted compounds (4-hydroxy-3-methoxy and 4-hydroxy-3-sulfo) had no 
activity. All monosubstitutions led to either decreased or unchanged activity com
pared with the unsubstituted compound or the two 4-substituted compounds 
tested initially. The groups producing little, or no, change in activity at the 4 po
sition were methoxy (CH30), propoxy (CH3CHr CH20), and ethyl sulfonyl 
(C2H sS02). In further experiments, butyl groups were substituted for both hydro
gen atoms at the end of the thiosemicarbazone side chain [Fig. 1, R2 = H, R3 = 
-(CH2kCH3]. All compounds altered in this way (the unsubstituted benzaldehyde 
thiosemicarbazone and the p-amino- and p-acetamido derivatives) retained activity 
against vaccinia virus. This behavior is in marked contrast to such dialkyl substi
tutions at the terminal amino group of isatin-p-thiosemicarbazone (BAUER and 
SADLER 1960a; Sect. C.UI). 

The chemotherapeutic activity of benzaldehyde-TSC was confirmed by THOMP
SON et aI. (1951) both in minced chick embryo culture (Maitland culture) and in 
mice infected with vaccinia virus. Unlike HAMRE et aI., they found that all substi
tutions at the 4 position of the benzaldehyde moiety (except for N02), or at the 
terminal amino position in the thiosemicarbazone side chain (Fig. 1) reduced activ
ity in both test systems. This cannot be taken as a true contradiction, even though 
both groups used essentially the same substitutions. Whereas HAMRE et al. used 
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concentrations close to the toxic dose of each compound, THOMPSON et al. tested 
all compounds at about the same concentration. Thus, certain mono- and disub
stituted compounds were found effective at more than ten times the concentration 
found to be ineffective by the THOMPSON group. However, the same group (THOMP
SON et al. 1953 b) went on to confirm that benzaldehyde semicarbazone and 
thiosemicarbazide were lacking in activity. They also established that addition of 
methylene or vinyl groups between the benzaldehyde and thiosemicarbazone por
tions of the molecule decreased activity. 

Integrity of the thiosemicarbazone side chain was found to be critical. Loss of 
the sulfur atom, as well as substitution of a methyl (CH3), ethyl (C2Hs), carbeth
oxy (C2HsC02), or benzyl (C6 HsCH2) group at the aldehyde carbon atom (R2 in 
Fig. 1) abolished or reduced activity. Except as noted in the following paragraphs, 
studies on the antiviral properties of benzaldehyde-TSCs virtually ceased in 1953 
when attention was focused on the heterocyclic thiosemicarbazones. 

That substitution of a methyl group at the aldehyde carbon atom reduced ac
tivity against vaccinia virus was confirmed many years later by RUNT! et al. (1968). 
They carried out more extensive investigations of these acetophenone-TSCs 
(Fig. 1, R2 = CH3, R3 = H) particularly with regard to synthesis of lipophilic 
compounds with substitutions in the benzene ring. Thirteen of these compounds 
were used in a virus plaque reduction test (the drug is placed in a center well of an 
agar plaque assay plate; as the drug diffuses the highest concentrations lead to a 
clearly visible cell toxicity zone, but beyond that there may be a zone of specific 
inhibition of plaque development) against eight different viruses. The authors con
cluded that the acetophenone-TSCs had a different antiviral spectrum from the 
benzaldehyde or isatin (Sect. C.III) series ofTSCs. Specifically, p-nitro-, p-bromo-, 
and p-methoxyacetophenone-TSCs were moderately active against influenza and 
parainfluenza viruses. Activity could not be demonstrated when the sulfur atom 
was replaced by oxygen in the TSC side chain, nor was there activity against any 
of the other viruses, including vaccinia. However, 2,4-dimethoxyacetophenone
TSC was active against vaccinia, but not against any of the other viruses. 

Three other reports, all appearing prior to that of RUNT! et al. (1968) claimed 
that aryl-TSCs were effective against influenza viruses. IWASAKI et al. (1955) tested 
26 compounds of benzaldehyde- (Fig. 1, R2 = H, R3 = H), acetophenone- (Fig. 1, 
R2 = CH3, R3 = H), cinnamaldehyde- (Fig. 3, X = H, R 1 ,R2 = H), and benz
alacetone- (Fig. 3, X = H, Rl = H, R2 = CH3) TSCs against influenza A and B 
viruses as well as Newcastle disease virus. All four types of unsubstituted TSCs 
were examined, as well as nitro, dimethylamino [(CH3hN], amino, and acetamido 
para substituents (Rl in Fig. 3) in each of the four categories. In addition, a bro
mine substituent (X in Fig. 3) was added to the cinnamaldehyde and benzalacetone 
series of compounds. From their results the following generalities can be made for 
the influenza viruses: 
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a) The unsubstituted TSCs were the most active; these were, in increasing order 
of effectiveness, benzaldehyde, acetophenone, cinnamaldehyde, and benzalace
tone 

b) Most of the para-substituted compounds were reduced in activity; the order of 
the greatest to the least reductions was: acetamido, amino, dimethylamino, and 
nitro substituents 

c) In general, the bromo substitutents had little, or no, effect on antiviral activity 
With regard to Newcastle disease virus, benzalacetone-TSC was the only active 

unsubstituted compound. The three other active compounds were the p-nitro de
rivatives of benzalacetone-, cinnamaldehyde-, and benzaldehyde-TSCs. LUM and 
SMITH (1957), apparently unaware of the paper by IWASAKI et al. (1955), showed 
that p-nitrobenzaldehyde-TSC, p-hydroxybenzaldehyde-TSC, anisaldehyde-TSC 
(Fig. I, Rl = N02, HO, and CH30, respectively) and a-pentylcinnamaldehyde
TSC [Fig. 3, X = H, Rl = CHiCH2)4, R2 = H] inhibited influenza A and B 
viruses in chick chorioallantoic Maitland cultures and also spared 50% of the mice 
inoculated with these viruses. ZAK (1959) noted that isopropylbenzaldehyde-TSC 
(Fig. I, Rl = isoC3H 7) caused a slight reduction in the febrile period of patients 
with influenza virus infections. 

In connection with studying cyanothiophene-TSCs (Sect. C.I1) WINKELMANN 
and ROLLY (1972) synthesized a number of corresponding cyanobenzaldehyde
TSCs. Replacement of the cyano group (N == C) in both series of compounds by 
carboxylic acid, carboxamide, ester, or imidate groups produced less active or in
active products when tested in vaccinia-infected mice. In the benzaldehyde series, 
when the cyano group was introduced at the 2,3, or 4 positions (Fig. I) of the ar
omatic ring, the 4-isomer was found to be most active. 

II. Quinoline, Pyridine, and Thiophene Thiosemicarbazones 

In 1953 a second major advance was made that would eventually lead to clinical 
application (Sect. H). It was the discovery that heterocyclic TSCs could possess 
antiviral activity (THOMPSON et al. 1953b). Compounds containing pyridine 
(Fig. 4), quinoline (see Fig. 5), thiophene (see Fig. 7), and isatin (see Fig. 8) groups 
protected mice to a degree equal to, or greater than, that obtained with the benz
aldehyde-TSCs. The bulk of the structure-activity relationship studies would be 
carried out with the isatin-TSCs (Sect. C.III), but it should be noted that this initial 
study with pyridine- and quinoline-TSCs established an important feature of these 
compounds - the thiosemicarbazone moiety affixed to the heterocyclic ring in a po
sition a to the ring nitrogen atom, as in 2-formylpyridine-TSC (Fig. 4), had no ac
tivity in mice infected with vaccinia virus. When the TSC side chain was placed in 
another position, as in 4-formylpyridine- or 4-formylquinoline-TSC (Fig. 5), the 
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compound would protect against lethal infection (THOMPSON et al. 1953 b). Further 
studies indicate that the p position was optimal (Sects. c.m, VI). However, in tis
sue culture studies using vaccinia as well as other viruses, the opposite appeared 
to be true. BROCKMAN et al. (1970) found that pyridine- and quinoline-TSCs would 
prevent herpes-induced cytopathology in tissue culture only if the TSC was a to 
the ring nitrogen atom. 2-F ormylpyridine-TSC was active but the 3- and 4- formyl 
isomers were not (Fig. 4). Furthermore, I-formylisoquinoline-TSC (Fig. 6), and its 
5-hydroxy derivative, were active (as was 6-formylpurine-TSC), but no protection 
was noted with isatin-p-TSC or l-methylisatin-p-TSC (Fig. 8, Rl = H or CH3, R2 
= H, R3 = H 2, X = S). KATZ et al. (1974) found that 5-hydroxy-2-formyl
pyridine-TSC (Fig.4) and I-formylisoquinoline-TSC (Fig. 6) would prevent vac
cinia plaque formation in tissue culture. However, the mode of action of these com
pounds was unique compared with four other active TSCs where the side chain was 
not a to the ring nitrogen atom (Sect. F.II). More recently LEVINSON et al. (1977b) 
found that l-formylisoquinoline-TSC (Fig. 6) and 2-pyridine-TSC would inhibit 
the production of Rous sarcoma virus. Further extension of these studies with 2-
and 4-formylpyridine-TSC (Fig. 4) showed that the former was much more active 
than the latter (KASKA et al. 1978). Parenthetically, one notes that the minimum 
requirement for antitumor activity of pyridine- and isoquinoline-TSCs is that the 
TSC side chain must be attached a to an unencumbered ring nitrogen atom 
(AGRAWAL and SARTORELLI 1978). 

Although the thiophene-TSCs have received little attention (KATZ et al. 1974), 
5-cyanothiophene-2-formylthiosemicarbazone (Fig. 7) has been reported (ROLLY 
and WINKELMANN 1972) to be superior to I-methylisatin-p-thiosemicarbazone in 
its in vivo antivaccinia activity in several animal species (Sects. C.III, D.II). Struc
ture-activity studies indicated that substitutions in the side chain or thiophene 
moiety, as well as lengthening of the side chain, produced compounds of dimin
ished activity (WINKELMANN and ROLLY 1972). 

ITI. Isatin-p-Thiosemicarbazones 

Unlike the thiosemicarbazones discussed previously, long-lasting interest in the 
isatin series of compounds was maintained because of their potency and potential 
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for clinical application. In 1953 MINTON et al. discovered that isatin-fJ-thiosemicar
bazone (IBT; Fig. 8, R1, R2 = H, R3 = H2, X = S) was effective when given in
traperitoneally in only a single dose. This would protect mice against lethal infec
tion with a poxvirus isolated from a patient presenting the clinical picture of mild 
smallpox (a finding that would be exploited later by D. J. BAUER at the Wellcome 
Laboratories and by his colleagues). Initial structural studies with IBT showed that 
bromo and nitro (MINTON et al. 1953), as well as methyl (THOMPSON et al. 1953 b) 
substitutions at the 5 position of the aromatic ring (Fig. 8) substantially reduced, 
or abolished, activity. It was also shown that the semicarbazone had no effect on 
vaccinia infection in the mouse. 

Two years later BAUER (1955) presented results indicating that IBT was even 
more potent against mouse-adapted neurovaccinia virus than had been previously 
reported. Using the mouse model, BAUER and SADLER (1960 a) then went on to 
study the relationship between structure and activity in much greater detail than 
the initial steps taken by the THOMPSON group. 

1. Substitution in the Aromatic Ring 

Fourteen derivatives were prepared with single substitutions at the 4,5,6, or 7 po
sitions (Fig. 8). Methyl, methoxy, iodo, chloro, or bromo substituents were mostly 
used. These groups commonly led to reduction or total loss of activity of the com
pound. Substituents at the 5 position had a particularly marked effect in eliminat
ing biologic activity; except for substituents, such as fluorine, with small atomic or 
group radii. The interaction between the size of the halogen atom substituted at 
this position and the degree of antiviral activity was confirmed recently (BORYSIE
WICZ and LUCKA-SOBSTEL 1978) using Mannich base derivatives of IBT. BAUER 
and SADLER (1960a) found that activity was reduced to a lesser extent in the 4 or 
6 positions, and some of the 7-substituted compounds still retained high activity. 
The importance of the steric effects was further supported by the finding that larger 
fused ring systems, such as naphthisatins, in which the additional benzene ring is 
fused to the 4,5, or 5,6, or 6,7 positions, were inactive (BAUER and SADLER 1960a; 
SADLER 1965). 

2. N -Substitution in the Pyrrolidine Ring 

Studies were then undertaken on the effect of N-substitution in the pyrrolidine ring 
(BAUER and SADLER 1960a). Alkylation at this position (Rl in Fig. 8) produced a 
conspicuous rise in activity, reaching a maximum with l-ethylisatin-TSC. This 
compound had almost three times the activity of the parent compound; although 
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the N-methyl derivative (MIBT) would be used in almost all further studies because 
of the ease and low cost of production. Activity fell off rapidly with further length
ening of the side chain; the I-pentyl derivative was practically inactive. More recent 
attempts to increase activity by substitution at this position have led to the synthe
sis of N-methylthiomorpholine- (CH2-N=S)-IBT (SMEJKAL et al. 1972). It mani
fested practically the same activity against vaccinia-infected mice as the N-methyl 
derivative. Also examined were a series of 17 mono- and 9 bis-piperazine deriva
tives ofIBT. Studies were carried out in both vaccinia-infected tissue culture sys
tems (BORYSIEWICZ et al. 1973; BORYSIEWICZ and LUCKA-SOBSTEL 1978; ZGOR
NIAK-NOWOSIELSKA et al. 1973) and mice (ZGORNIAK-NoWOSIELSKA et al. 1976). 
Both in vivo and in vitro experiments indicated that three bis-piperazine deriva
tives were the most active (Fig.9, R = H, CH3 cis, or CH3 trans). In the 
mouse system, the N,N'-bis-(p-thiosemicarbazonemethylisatin)-2-methylpiper
azine (Fig. 9, R = H) was more active than the cis or trans dimethylpiperazine 
derivatives, but it was slightly less active than MIBT. However, in tissue culture 
(BORYSIEWICZ and LUCKA-SOBSTEL 1978), MIBT was less active than the Mannich 
base compounds, with the difference in activity between the three Mannich deriv
atives being much more pronounced than observed in mice. As stressed in Sect. C, 
one cannot project in vitro structure-activity relationships to those likely to hold 
in vivo, or vice versa. 

3. Modification of the Pyrrolidine Ring 

This showed that the (X-carbonyl group (Fig. 8) was essential: l-acetylindoxyl-TSC 
(Fig. 10) was inactive, as was isatin-(X-TSC (BAUER and SADLER 1960a). Extension 
of the side chain, as in I-methyloxindole-3-formyl-TSC (Fig. 11, Rl = CH3 , R2 
= H, X = = 0) resulted in loss of activity. However, indole-3-acetyl-TSC (Fig. 11, 
R 1 , X = H, R2 = CH3) was found to inhibit vaccinia virus in tissue culture (Buu
HOI et al. 1968) although no animal experiments were reported. Studies on the for-
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myl-TSCs were pursued further by ANDREANI et al. (1975, 1978). Their approach 
was to restore and extend the antiviral activity and spectrum of these compounds 
by changing the oxygen atom at position 2 (Fig. 11) to another electronegative sub
stituent, and by changing the substituent at position 1 because it was so critical for 
heightened activity in the isatin series. Of 28 compounds synthesized (ANDREANI 
et al. 1975), 11 inhibited the growth of vaccinia virus in tissue culture (two of these 
compounds also inhibited parainfluenza type 3). Under their test conditions, three 
compounds were even more active against vaccinia than MIBT. These were 1-(0, 
m, or p-chlorobenzoyl)-2-chloroindole-3-formyl-TSC (Fig. 11, Rl = CO-0C1, 

R2 = H, X = CI). Extending these findings with the synthesis of 11 more com
pounds ANDREANI et al. (1978) concluded that: (a) bromo instead of chloro substi
tution at position 2 decreased toxicity while retaining antipox activity; and (b) anti
pox activity was retained with methyl, chi oro, and bromobenzoyl substituents at 
position 1. In this case, as in the initial studies with the chlorobenzoyl substituent, 
the meta positioning of the halogen or methyl group was most active. 

4. Modification of the TSC Side Chain 

BAUER and SADLER (1960a) showed that modification in any ofa number of ways 
of the TSC side chain led to loss of activity. That methylation at the sulfur atom 
abolished antipox activity was confirmed in later (TONEW et al. 1974b), more ex
tensive studies on isothiosemicarbazones (see Fig. 13). Further lengthening of this 
alkyl side chain (Sects. C.V, D.V) led to the emergence of activity in vaccinia-in
fected mice as well as against the unrelated RNA-containing Mengo virus 
(VECKENSTEDT and ZGORNIAK-NOWOSIELSKA 1979). After the antiviral spectrum of 
MIBT was extended to influenza virus (BAUER et al. 1970; Sect. D.III), studies were 
undertaken by SMEJKAL et al. (1972) to determine ifthere was potentiation with the 
well-known anti-influenza drug, amantadine (see Chap.4). This tricyclic C lO pri
mary amine with a very symmetrical structure was combined with MIBT as a single 
molecule (Fig. 12), but was found to be only moderately more active than amanta
dine alone. However, MIBT by itself, under the test conditions employed, was even 
more active against influenza virus. 

5. Other Compounds 

A number of miscellaneous compounds, including isatin and thiosemicarbazide, 
were also tested by BAUER and SADLER (1960a) and found to be devoid of activity. 

Structural studies on a much smaller scale were also carried out in a poxvirus
infected tissue culture system (SHEFFIELD et al. 1960), as well as in mice infected 
with various types of pox viruses (BAUER et al. 1962). These confirmed that substi
tution in the aromatic ring, as well as in the side chain led to loss of activity. 
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IV. Isatin-p-4' ,4' -DiaJkylthiosemicarbazones 

When BAUER (1955) confirmed the antipox acivity ofIBT he showed that the com
pound was not effective against a number of other murine viruses, including what 
he believed to be lymphocytic choriomeningitis virus. What was actually tested was 
pseudolymphocytic choriomeningitis, or ectromelia - a poxvirus (D. J. BAUER per
sonal communication 1975). In 1957 BOCK reported that mice infected with either 
ectromelia or canarypox were not protected by IBT under conditions which spared 
neurovaccinia-infected mice. With the realization that ectromelia-infected mice 
were insensitive to IBT (in tissue culture the compound had very low activity at the 
limit of detectability; SHEFFIELD et al. 1960), BAUER and SADLER (1960 a) tested this 
virus along with vaccinia virus against a number of compounds synthesized in their 
comprehensive studies on structural modification of IBT. 

The initial studies showed that monoalkyl substitution at the terminal nitrogen 
atom of the TSC side chain (R3 in Fig. 8) resulted in compounds with no activity 
against either vaccinia or ectromelia viruses. However, further studies on modifi
cation of the molecule (BAUER and SADLER 1961) showed that dialkyl substitution 
(dimethyl, diethyl, dibutyl) at the side chain terminal nitrogen atom (R3 in Fig. 8) 
led to high activity against ectromelia and little or no activity against vaccinia. All 
three derivatives retained activity when methyl or ethyl groups were added to the 
pyrrolidine nitrogen atom (Rl in Fig. 8). More detailed studies with the 4',4'
dialkylthiosemicarbazones (BAUER 1963; O'SULLIVAN et al. 1963) showed that al
kylation of the pyrrolidine nitrogen (Rl in Fig. 8) steadily lowered activity as the 
carbon chain was lengthened - the exact opposite effect was seen with IBT (Sect. 
c.m). In a like manner, lengthening of the dialkyl substituents at the terminal ni
trogen atom of the thiosemicarbazone moiety decreased activity: the relative effec
tiveness of the 4',4'-di-n-butyl compound was six-fold lower than the 4',4'-di
methyl derivative. Another difference in the effectiveness of the two types of com
pounds was that with the dialkyl derivatives, mono substitution in the aromatic 
ring, irrespective of position, produced only small reductions in activity against ec
tromelia. However, in both series of compounds, disubstitution in the benzene ring 
abolished activity. These dialkyl compounds were also tested against poliovirus 
types 1 and 2. Most compounds were inactive against poliovirus type 1, but they 
were highly effective against poliovirus type 2 (O'SULLIVAN and SADLER 1961). The 
dibutyl derivative, supposedly because of optimal activity, was chosen for further 
study (Sects. D.IV, F.IV). 

v. Isatin-p-Isothiosemicarbazones 

Viral specificity of isatin-p-thiosemicarbazone was markedly changed by dialkyl 
substitution at the side chain terminal nitrogen atom (R3 in Fig. 8; see Sect. C.IV). 
Although initial investigations (BAUER and SADLER 1960a) showed that methyla
tion at the sulfur atom (a methyl-substituted isothiosemicarbazone, Fig.l3, Rl = 
H, R2 = CH3, R3 = H 2) was without activity, more extensive alkylation studies 
of this type were undertaken with the aim of producing compounds with new vi
rostatic action (TONEW et al. 1974 b; Franke et al. 1975). Confirming previous ob
servations with the benzaldehyde and isatin thiosemicarbazones (Sects. C.I, III), 
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Fig. 13 

compounds without sulfur were inactive. Of 24 substituted isothiosemicarbazones 
synthesized (HEINISCH and KRAMARCZYK 1972) 11 had antiviral activity in tissue 
culture systems (TONEW et al. 1974 b). Of 6 compounds active against vaccinia 
virus, 5 were also effective against Mengo virus. Derivatives showing this dual ac
tivity shared the following structural features: 
a. N-Propyl, isopropyl, or n-butyl substituents were present on the sulfur atom 

(R2 in Fig. 13) 
b. While ethyl substitution at the pyrrolidine nitrogen atom (Rl in Fig. 13) was 

more effective than the unsubstituted or methyl-substituted compounds, no ac
tivity was found with higher alkylation. 
Compounds active only against Mengo virus maintained these structural rela

tionships at the pyrrolidine ring, but methyl, ethyl, or benzyl (CH2C6Hs) substit
uents at the sulfur atom also produced active compounds. Furthermore, cyclo
hexyl substitution at the side chain terminal nitrogen (Fig. 13, Rl = C2Hs, 

R /CH2-CH2 ""CH) I d· b· I· .. . M . b 
3 = 2 resu te m 10 ogIcactlvItyagamst engo VIruS ut not 

"""CH2-CH2 / 

vaccinia virus. Of the 11 compounds active against Mengo virus in tissue culture, 
3 (Fig. 13, Rl = CH3 or C2Hs, R2 = C2Hs, R3 = H2o Rl = C2Hs, R2 = C4H9 , 

R3 = H 2) have been claimed to protect mice against encephalitis induced by 
Mengo virus (VECKENSTEDT and HORN 1974; VECKENSTEDT and ZGORNIAK
NOWOSIELSKA 1979). 

VI. Thiazole Thiosemicarbazones 

Antipox activity of thiosemicarbazones was extended to an isothiazolecarbonyl 
series of compounds (Fig. 14); one of which would be used in clinical trials against 
smallpox (Sect. H). The most active compound against neurovaccinia-infected 
mice, of over 40 synthesized (CATON et al. 1965), was 3 methyl-4-bromo-5-formyl
isothiazole-TSC (Fig. 14, R1=CH3, R2=Br, R3=CH=NNHCSNH2). Anti
viral activity was markedly dependent on the position of the TSC moiety in 
the isothiazole ring: the 4-formylisothiazole (Fig. 14, Rl = CH3 , R2 = CH = 
NNHCSNH2 , R3 = H) was marginally active whereas the 3-formyl compound 
(Fig. 14, Rl = CH = NNHCSNH20 R2 = H, R3 = H) was totally inactive. In the 

Rl W r R2 

N'S~R3 
Fig. 14 
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Fig. IS 

5-formylisothiazole series, substitution by halogen (C1, Br, I) in the 4 position in
creased activity with a decrease in toxicity. The 4-bromo substituent was particu
larly effective. A 3-methyl substituent decreased toxicity slightly without decreas
ing activity, and when combined with the 4-bromo substitutent led to the most ac
tive compound of the series. Nitro and methyl substituents at the 4 position had 
little effet on activity, but a carboxy group at this position completely abolished 
activity. As in the isatin-TSC series, compounds substituted in the side chain were, 
in general, inactive. Cyclizing the side chain of active formylisothiazoles to mercap
totriazoles or aminothiadiazoles greatly reduced or eliminated activity. A closely 
related compound (Fig. 15) which was reported to have antipox activity in mice, 
was 4-methyl-5-formylthiazole-TSC (CAMPAIGNE et al. 1959). This observation has 
been confirmed in tissue culture using 5-formylthiazole-TSC (KATZ et al. 1974). 
Little information is available on structure-activity relationships aside from the 
finding that placing the TSC side chain in the 4 position (a to the ring nitrogen 
atom; see Sects. C.I1, III) resulted in total loss of activity, and that 4-methyl-2-
methylthio-5-formylthiazole-TSC was only moderately active (CAMPAIGNE et al. 
1959). 

VII. Pyrrolidine and Pyrazolone Thiosemicarbazones 

Two reports appear to indicate the potential antiviral activity of some pyrrolidine 
thiosemicarbazones, but the brief nature of the presentations prevents a critical 
evaluation of the findings. Two TSCs derived from substituted 2,3-dioxypyr
rolidines were found to be active against influenza infections in mice (GERZON 
1965). These were 1-ethylpyrrolidine-2,3-dione-TSC (Fig. 16, R = CzHs) and its 
f3-hydroxyethyl congener (Fig. 16, R = CHzCHzOH). The latter was the more ef
fective antiviral agent, a result that was the opposite of the corresponding substi
tution studies in the antivaccinia isatin series (BAUER and SADLER 1960a). Unlike 
the isatin compounds, these pyrrolidines had no activity against vaccinia virus. 

A series of 13 thiosemicarbazones was synthesized from substituted 3-ary
lidene-4,5-dioxypyrrolidine nuclei (Fig. 17). Some of these compounds, all of which 
were tested in tissue culture, were active against vaccinia virus, parainfluenza virus, 

H 
I 

ilN- N-Ti-NH2 

'NAo S 
I 
R 

Fig. 16 
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Fig. 18 

rhinovirus, coxsackievirus, and influenzavirus (SINGH and SUGDEN 1971). The 
authors claimed that: none of the compounds was as effective against vaccinia as 
N-methylisatin-p-thiosemicarbazone (Sect. c.m); phenethyl or benzyl substitu
tion at the pyrrolidine nitrogen atom (Rl in Fig. 17), was necessary for maximal 
activity while methyl substitution abolished antiviral properties; the nature of the 
R2 and R3 groups (hydroxy, methoxy, halogen) attached to the arylidine ring ap
peared to have little effect on activity; and substitution of the primary amine group 
(R4 in Fig. 17) of the TSC side chain greatly reduced activity. Although no system
atic structure-activity studies were carried out on 4-formyl-3-methyl-l-phenyl-5-
pyrazolone-TSC (Fig. 18), it was reported to inhibit rhinovirus growth in tissue cul
ture (Buu-HOI et al. 1968). 

VIII. Noncyclic Thiosemicarbazones 

Cyclic thioseInicarbazones have generally been found essential for antiviral activ
ity. However, there are at least three known exceptions. The first two came to light 
at the time of intensive investigation of benzaldehyde-TSCs (Sect. C.l). It was 
found that thiosemicarbazones with an aliphatic oxime nucleus possessed the ca
pacity to protect mice against vaccinia virus (THOMPSON et al. 1953 a). Of six com
pounds tested, five had antiviral properties. The most effective was butane-2,3-
dione-oxime-TSC (Fig. 19, R = H) and the corresponding methoxime (R = CH3)' 
The structure-activity relationships were not examined in detail but appeared to 
be similar to the isatin series, in that both oxime and methoxime semicarbazones 
were inactive. The methoxime was the more active of the two when given intraperi
toneally (instead of in the diet). Another observation that the cyclic structure was 
not essential for antiviral activity was the finding of LEVINSON et al. (1977 a). They 
showed that kethoxal-bis-(thiosemicarbazone) inhibited the replication of vesicu
lar stomatitis virus in chick embryo culture (Fig. 20). Neither MIBT (Fig. 8) nor 2-

Fig. 19 

H H 
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formylpyridine-TSC (Fig. 4) had any effect on this virus. However, all three com
pounds were able to inhibit the cell-transforming ability of Rous sarcoma virus 
(KASKA et al. 1978). 

IX. Miscellaneous Thiosemicarbazones 

In the isatin series of compounds (Sect. C.III) the carbonyl group at the C-2 po
sition of the pyrrolidine ring was considered essential for biologic activity. How
ever, a series ofy-thiochromanone-4-thiosemicarbazones (Fig. 21) was found to be 
active against vaccina virus (TSUNODA et al. 1971). Methyl or chloro substitution 
at the 6 position of the aromatic ring did not alter activity. y-Thiochromanone-4-
thiosemicarbazone appeared to be about as active as I-methyl-isatin-p-thiosemi
carbazone (Sect. C.I1I) in tissue culture as well as in mice. No additive effect of the 
two compounds was observed in the animal tests. The thiochromanone-TSC activ
ity in tissue culture has been confirmed (KATZ et al. 1974, 1975). 

A single report (Buu-HOI et al. 1968) exists indicating that 3,9-diethyl-6-for
mylcarbazole-TSC (Fig. 22) inhibits the growth of rhinoviruses in tissue culture, 
but not influenza or vaccinia viruses. 

V ARMA and NOBLES (1967) screened indanedione-TSCs for activity in tissue cul
ture against poliovirus type 2, herpes simplex, measles, and influenza viruses. Of 
six compounds synthesized, two inhibited poliovirus. These were 1,3-indanedione-
4'-n-butyl-TSC [Fig. 23, Rl = =0, R2 = H, R3 = n-(CH2hCH3] and 1,3-in
danedione-4'-methyldithiosemicarbazone (Fig. 23, Rl = NNHCSNHCH3, R2 = 
H, R3 = CH3). The antiviral potential of indanedione dithiosemicarbazones was 
confirmed by GIANNELLA and GUALTIERI (1970) and by GIANELLA et al. (1973) who 
synthesized a large number of carbamates, thiosemicarbazones, semicarbazones, 
and y-hydroxyiminoketones. Only the dithiosemicarbazone of 2-hydroxyimino-
1,3-indanedione (Fig. 23, Rl = = NNHCSNH2, R2 = = NOH, R3 = H) showed 
in vitro activity against vaccinia virus. The corresponding semicarbazone was not 
active. Furthermore, all compounds were ineffective in vitro against herpes simplex 
and influenza viruses. However, 2-hydroxyimino-l,3-indanedione dithiosemicar
bazone was shown to prolong the life of mice lethally infected with influenza A 
viruses. 
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D. Virus-Inhibitory Spectrum 

The ability of thiosemicarbazones to inhibit viruses will be discussed in the order 
of their general structures as categorized in Sect. C.With few exceptions the effects 
of specific substituents in a parent compound will not be emphasized. This infor
mation can be determined by referring to the appropriate parts of the preceding 
section. 

I. Aryl Thiosemicarbazones 

Mice, embryonated chicken eggs, and Maitland cultures derived from them, were 
found to be protected by specific benzaldehyde-TSCs infected with any of the 
tested strains of vaccinia virus (Table 1). It was noted (THOMPSON et al. 1953 b) that 
while benzaldehyde-TSCs having activity in mice usually possessed some capacity 
to inhibit virus replication in vitro, compounds had been synthesized that were 
totally inactive in vivo although highly active in vitro. The effect of benzaldehyde
TSCs in rabbits infected intradermally with the IHD strain of vaccinia virus was 
marginal. THOMPSON et al. (1953 b) reported that, although the number of ob
servations was too small to draw definite conclusions, the impression was gained 
that treatment did not prevent formation of lesions at the sites of inoculation of 
virus, although generalization of the infection and development of necrosis at the 
site of the lesions was prevented. 

LUM and SMITH (1957) reported that p-nitro-, p-hydroxy-, or p-methoxybenz
aldehyde-TSCs would prevent death in mice infected with influenza A and B 
viruses. However, HAMRE et al. (1950) could find no murine activity against swine 
influenza usingp-aminobenzaldehyde-TSC. Furthermore, BOCK (1957) stated that 
unpublished data by G. DOMAGK et al. showed that mice infected with an influenza 
virus were not spared by treatment with an unspecified benzaldehyde-TSC. These 
discrepancies have remained unresolved and could possibly be explained by chemi
cal, viral, or murine specificities. Mice infected with two members of the Togaviri
dae family (PORTERFIELD et al. 1978) Semliki Forest (in the genus Alphavirus) and 

Table 1. Antiviral spectrum of aryl thiosemicarbazones 

Compound a Virus 

Bd 

Bd,C 
A,Bc, Bd,C 
Bc,Bd,C 
A 

Vaccinia 

Influenca 
Influenza 
Newcastle disease 
Parainfluenza 

Strain Host b 

NYBH 
CVIl 
IHD 

Chicken egg, mouse 
ChickMec 
Mouse 
Mouse Mec 

WR Mouse 
A, B Mouse 
A, B Chick Crnc 
Miyadera Chick Cmc 
1 Tissue culture 

Primary citation 

HAMRE et al. (1951) 
THOMPSON et al. (1951) 
THOMPSON et al. (1951) 
THOMPSON et al. (1953 b) 
BOCK (1957) 
LUM and SMITH (1957) 
IWASAKI et al. (1955) 
IWASAKI et al. (1955) 
RUNTI et al. (1968) 

a Acetophenone (A), benzalacetone (Bc), benzaldehyde (Bd), cinnamaldehyde (C) thiosemi
carbazones 

b Maitland embryo culture (Mec); chorioallantoic membrane culture (Cmc) 
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St. Louis encephalitis (in the genus Flavivirus) were not protected by treatment with 
benzaldehyde-TSCs (MINTON et al. 1953). Mice infected with these and a number 
of other arthropod-transmitted viruses have not responded to treatment with other 
types of TSCs (Sects. D.II, III). 

BOCK (1957) noted that preliminary screening of benzaldehyde-TSCs, done at 
the time of DOMAGK'S discovery of their antibacterial properties, failed to detect 
activity against two poxviruses; ectromelia and canarypox. Later studies with the 
isatin series of TSCs would show that ectromelia was insensitive to TSCs that in
hibited all other poxvirus murine infections (Sect. D.III). BOCK also reported that 
in the same studies the disease in mice caused by either lymphocytic choriomeningi
tis virus or pneumonia virus was not altered by benzaldehyde-TSCs. 

II. Quinoline, Pyridine, and Thiophene Thiosemicarbazones 

Certain of these heterocyclic compounds were effective against two strains of vac
cinia virus and two members of the herpesvirus family (Table 2). Furthermore, iso
quinoline- and pyridine-TSCs can inactivate on contact extracellular herpesvirus 
and Rous sarcoma virus (Table 2; Sect. F.II). While 5-cyanothiophene-2-formyl
TSC (Fig. 7) was unique in its effectiveness against vaccinia virus in rabbits and 
rats, as well as in mice, it was not active against ectromelia or canarypox viruses 
(see also Sects. D.I, III for the insensitivity of other TSCs against these viruses). 
Although active in mice, 4-formylquinoline-TSC (Fig. 5) had limited effectiveness 
in vaccinia-infected rabbits (THOMPSON et al. 1953 b). Poliovirus synthesis in tissue 
culture has been found to proceed normally (KATZ et al. 1974) in the presence of 
I-formylisoquinoline-TSC (Fig. 6) and 5-hydroxy-2-formylpyridine (Fig.4). In a 
report dealing with these three types of compounds (MINTON et al. 1953) the gen
eral statement was made that thiosemicarbazones were not found to protect mice 
against St. Louis encephalitis or Semliki Forest virus (Togaviridae, see Sect. D.I). 

Table 2. Antiviral spectrum of quinoline, pyridine, and thiophene thiosemicarbazones 

Compound a Virus Strain Host Primary citation 

P,Q Cytomegalovirus NIH WI-38 cells BROCKMAN et al. (1970) 
P,Q Herpesvirus Simplex-HF HEP-2cells BROCKMAN et al. (1970) 
I,P Simplex type 1 LEVINSON et al. (1974) 
I,P Rous sarcoma B-77 LEVINSON et al. (1977b) 

KASKA et al. (1978) 
P,Q,T Vaccinia IHD Mouse THOMPSON et al. (1953 b) 

Mousemecb 

WR BSC-1 cells KATZ et al. (1974) 
T Vaccinia ? Mouse ROLLY and WINKELMAN 

Rabbit (1972) 
Rat 

a Isoquinoline (I), pyridine (P), quinoline (Q), thiophene (T) thiosemicarbazones 
b Maitland embryo culture 
C Contact inactivation of extracellular virus 
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III. Isatin-p-Thiosemicarbazones 

The most extensive studies on the antiviral spectrum of these compounds have been 
carried out with isatin-p-thiosemicarbazone and its Nt-methyl derivative. Mice in
fected with all tested poxviruses, with the exception of canarypox, monkeypox, and 
ectromelia, will survive when given these drugs (Table 3). As yet, no other in vivo 
infections with other types of viruses have been convincingly shown to respond 
strongly to these compounds. Furthermore, as will be shown, many conflicting re
ports exist concerning the activity of these TSCs against in vitro infection with vari
ous viruses. 

In 1966 BAUER and ApOSTOLOV reported that MIBT at concentrations from 5 
to 40 p,M could inhibit the replication of adenovirus types 3, 7, 9, 11, 14, 16, 17, 
21, and 28 in a He La cell tissue culture system. A preliminary study of structure
activity relations of MIBT against these viruses showed that the compound fol
lowed the same pattern as that of the poxviruses (Sect. C.III). Replacement of the 
sulfur with oxygen, substituting two alkyl groups at the terminal amino sequence 
of the side chain, and changing the methyl group from the N-l to the C-5 position 
(Fig. 8) led to loss of activity. Yet, neither HARFORD et al. (1972) nor HERRMANN 
(1968) could confirm this antiviral activity. Both reports were based on ob
servations in HeLa cells treated with MIBT. In the former case, a 40 p,M concen
tration was used against adenovirus types 2 and 7, while in the latter case, a plaque 
inhibition test (the drug diffusing from a central disc) was used with adenovirus 
types 1,2, 5, and 7. As proposed later (Sect. F), the presence or absence of critical 
concentrations of divalent cations of first transition series metals should be consid
ered as a possible determining factor in the outcome of these experiments. Isatin
p-thiosemicarbazone has afforded no protection to mice infected with various ar-

Table 3. Response of murine poxvirus infections to isatin-f3-thiosemi
carbazone and its N I-methyl derivative 

Virus Strain Primary citation 

Therapeutic 
Variola-vaccinia Williamsport MINTON et al. (1953) 
Vaccinia IHD THOMPSON et al. (1953 b) 

WR BOCK (1957) 
Rabbitpox Utrecht BAUER and SHEFFIELD (1959) 
Cowpox WCP BAUER (1961) 

CP 
Alastrim Schofield BAUER and SADLER (1960b) 
Variola major Harvey BAUER et al. (1962) 

Noncurative 
Canarypox Kikuth-Golubschen BOCK (1957) 
Ectromelia Be BOCK (1957) 

Sandom BAUER (1955)" 
Monkeypox Copenhagen CHO et al. (1970) 

" Ectromelia or pseudo lymphocytic choriomeningitis was incorrectly identi
fied in this report as lymphocytic choriomeningitis 
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Table 4. Studies on herpesvirus sensitivities to isatin or N -methylisatin-p-thiosemicarbazones 

Virus 

In vivo 
Cytomegalovirus 
Herpesvirus 

Marek's disease 

In vitro 
Cytomegalovirus 
Herpesvirus 

Infectious bovine 
rhinotracheitis 

Varicella 

Strain 

Smith 
Simplex 
Simplex type 1 
3K 

NIH 
Simplex 

Brown 

Zoster 

Host a Protection Primary citation 

Mouse 
Mouse 
Rabbit 
Chick 

No SCHMIDT-RUPPIN (1971) 
No BAUER and SADLER (1960a) 
Marginal b LEVINSON et aI. (1974) 
Marginal KUDRIAVTSEV et aI. (1977) 

WI-38 No 
PrimaryRKF No 
Primary HTC Yes 
HeLa cells No 
HEP-2 cells No 
MDBK cells Yes 

HeLa cells No 
Primary HTC Yes 

BROCKMAN et aI. (1970) 
RAPP (1964) 
CAUNT (1967) 
HERRMANN (1968) 
BROCKMAN et aI. (1970) 
Munro and Sabina (1970) 

RAPP (1964) 
CAUNT (1967) 

a RKF=rabbit kidney fibroblast; HTC=human thyroid cells 
b Thiosemicarbazide used because no suitable vehicle was found for M IBT 

thropod-transmitted viruses (BAUER 1955; BAUER and SADLER 1960a). Six viruses 
from the family Togaviridae (PORTERFIELD et al. 1978) were screened: one from the 
genus Alphavirus (Semliki Forest) and the others from the genus Flavivirus 
(dengue, Ilheus, Nytoya, yellow fever, and Zika). The remaining viruses were in the 
family Bunyaviridae or were Bunyavirus-like (BISHOP and SHOPE 1979). In the for
mer category were Anopheles A, Califoniia, and Wyeomyia; and in the latter cat
egory were Anopheles B and Rift Valley fever viruses. The median lethal dose 
(LDso) of a stock of Rift Valley fever virus was 0.5 log units higher in mice treated 
with IBT, and this represents the only possible example of slight protection by the 
drug. BAUER et al. (1970) have reported that the yield of Semliki Forest and 
Bunyamwera virus in He La or monkey kidney tissue culture was reduced by MIBT 
in a dose-related fashion. The specificity of the antiviral effect was shown by the 
finding that under similar conditions the yield of another alphavirus (Sindbis) was 
unchanged in the presence of the drug. 

There are conflicting reports concerning the responses of various herpesvirus 
infections to IBT and MIBT (Table 4). They are too few in number and superficial 
to enable one confidently to suggest the possible cause of the discrepancies (see the 
paragraph on adenoviruses in this section). While murine infections with cytome
galovirus and herpesvirus appear to proceed normally in the presence of these com
pounds, there was marginal activity in rabbits and chicks infected with herpesvirus 
and Marek's disease virus, respectively. Because they could not find a phannaco
logically acceptable vehicle to dissolve IBT or MIBT, LEVINSON et al. (1974) tested 
the ability of thiosemicarbazide to ameliorate the course of herpes keratitis in rab
bits. While there was a statistically significant decrease in the number and severity 
of dendritic lesions, the effect was much less than that observed with either iodo
deoxyuridine or proflavine with exposure to light. With these encouraging results, 
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Table 5. Studies on orthomyxovirus and paramyxovirus sensitivities to isatin or N -methylisa tin
fJ-thiosemicarbazones 

Virus Strain 

Influenza ~S 
A/Singapore 
AjHongKong 
A/England 

Parainfluenza 1 
Newcastle disease ? 

" Survival time increased two-fold 

Host 

Mouse 
Mouse 
Mouse 
Calf kidney cells 
Calf kidney cells 
ERKcells c 

b A modest reduction in infectious virus was noted 
C Derived from embryonic rabbit kidney 

Protection Primary citation 

No 
Marginal" 
NOb 

Yes 
Yes 
No 

BAUER (1955) 
SMEJKAL et al. (1972) 
SMEJKAL et al. (1972) 
BAUER et al. (1970) 
BAUER et al. (1970) 
SHEFFIELD (1962) 

it would be of interest to repeat the experiments with isatin-p-thiosemicarbazones. 
In limited studies we have found that these drugs will dissolve in a nonirritating 
solution composed of 50% polyethylene glycol 400, 40% polypropylene glycol, 
and 10% ethanol. Using single, or preferably multiple, injections ofIBT or MIBT, 
KUDRIA VTSEV et al. (1977) found retardation ofthe growth of Marek's disease virus 
in chicks infected when 1 day old. The morbidity, as measured by the presence of 
tumors in internal organs, was over two-fold lower in MIBT -treated chicks, but no 
difference was seen with IBT. Only MIBT lowered mortality, although no data 
were presented. Furthermore, it appeared that both drugs delayed, but did not 
eliminate the virus infection. This may have been partially due to the immunosup
pressive properties of these compounds (Sect. G), since virus was no longer detect
able in most control chickens 40 days after infection. 

Tissue culture studies with the herpesviruses using the isatin-p-thiosemicarba
zones were initiated by RApp (1964). Using 4 ~M MIBT in a semisolid overlayer 
(higher concentrations of the drug precipitated), no reduction in plaque number 
was noted with either herpes simplex or herpes zoster viruses. This observation was 
confirmed by HERRMANN (1968), using a plaque reduction method relying on dif
fusion of either IBT or MIBT from an impregnated antibiotic disc. Both CAUNT 
(1967) and MUNRO and SABINA (1970), using 20 ~M MIBT in liquid tissue culture 
overlayers, found that the yield of herpes simplex and infectious bovine rhino
tracheitis were significantly reduced. Unlike most other studies, IBT appeared to 
be more effective than MIBT against infectious bovine rhinotracheitis (MUNRO 
and SABINA 1970). 

The number of reports (and their brevity) are too small to evaluate critically 
the lack of effect of the isatin-p-thiosemicarbazones in influenza-infected mice 
(Table 5). However, BAUER et al. (1970) found that MIBT was effective against in
fluenzavirus and parainfluenzavirus, as shown by a decrease in the ability of virus
infected tissue cultures to hemadsorb red blood cells. The isatin-p-thiosemicarba
zones have shown no activity in mice infected with picornaviruses (Table 6). How
ever, in tissue culture, at about 40 ~M, MIBT has reduced the yield of a variety 
of different picornaviruses in a number of cell lines. Perplexingly, two of the four 
reports dealing with poliovirus indicate that IBT and its N1-alkyl derivatives, in 
concentrations as high as 100 ~M were without effect on virus synthesis. Again one 
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Table 6. Studies on the sensitivity of picomaviruses to isatin or N -methylisatin-J1-
thiosemicarbazones 

Virus Strain Host Protection Primary citation 

Encephalo- MM Mouse No BAUER (1955) 
myocarditis 

Foot-and- A 119 Bovine kidney Yes POLATNICK (1965) 
mouth cells 
disease 

Poliovirus MEF1 Mouse No BAUER and SADLER (1960a) 
1,2 Tissue culture No O'SULLIVAN and SADLER (1961) 
1,2,3 HeLa cells No PEARSON and ZIMMERMAN (1969) 
1,2,3 HeLacells Yes BAUER et al. (1970) 
1 KB cells Yes LWOFF and LWOFF (1964) 

Rhinovirus 1059-H WI-26 cells Yes GLADYCH et al. (1969) 
3242-H WI-38 cells 
HGP-M 

could suggest that critical concentrations of divalent cations might have been all
important in the outcome of the experiments. 

Returning to the poxviruses, MIBT was not effective when administered (by in
tubation) to rabbits infected subcutaneously with vaccinia virus (HERRLICH et al. 
1965; KACKELL et al. 1966). However, the drug had marginal activity if injected in
tracutaneously at the site of vaccination (KACKELL et al. 1966). Whereas MIBT did 
not spare mice infected with ectromelia virus (Table 3), the drug in an aqueous 
overlayer had borderline activity in suppressing cytopathic effects in HeLa cells in
fected with the virus (SHEFFIELD et al. 1960). Furthermore, when the drug was in 
a semisolid overlayer, plaque formation by ectromelia virus was almost completely 
prevented (BAUER 1972). A similar pattern appeared with monkeypox virus. While 
MIBT was equally effective inhibiting plaque formation by vaccinia and monkey
pox viruses in monkey kidney tissue culture cells, it had marginal or nor activity 
in chicken eggs, mice, and monkeys (CHO et al. 1970). With the exception of the 
replication of molluscum contagiosum virus in human amnion (FL) cells (FRANCIS 
and BRADFORD 1976) the growth of all other poxviruses in tissue culture appears 
to be inhibited by IBT or MIBT. Virtually all vertebrate viruses can be inactivated 
on contact with N 1-ethyl- or Ncmethylisatin-f3-thiosemicarbazone and divalent 
cations of first transition series metals (Table 7). Of the first transition series metals 
(Mn, Fe, Ni, Cu, Zn), copper appears to be the most effective (LEVINSON et al. 1971, 
1974; LOGAN et al. 1975). Varying amounts of divalent cations are needed for the 
reaction to proceed. Even though leukoviruses can be inactivated by addition of 
IBTs only, interaction with metals appears to be required, since chelating agents 
abrogate the phenomenon in all systems thus far examined (LEVINSON et al. 1973 b; 
LOGAN et al. 1975), and deliberate addition of divalent cations results in a strong 
synergistic effect (LEVINSON et al. 1973 b). While metal "contaminants" are all that 
are required to interact with IBTs to inactivate leukoviruses, all other viruses 
require more than trace amounts. Such chelating agents as Tris buffer or histidine 
(in tissue culture media), when present with IBTs, will prevent inactivation of her-
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Table 7. Viruses inactivated on contact with isatin-fJ-thiosemicarbazones and first transition 
series metals 

Genus Virus Reference 

Alphavirus Sindbis Fox et al. (1977) 
Semliki Forest HANSON (1977) 

Flavivirus Dengue Fox et al. (1977) 
Arenavirus LCM LOGAN et al. (1975) 

Latino J. KUBIS and C.l PFAU (unpublished work 1975) 
Parana 
Pichinde 
Tacaribe 

Enterovirus Poliovirus type 1 Fox et al. (1977) 
Poliovirus type 2 

Herpesvirus Herpes simplex type 1 LEVINSON et al. (1974) 
Herpes simplex type 2 
Herpesvirus saimiri 

Leukovirus Rous sarcoma LEVINSON et al. (1971) 
Murine leukemia LEVINSON et al. (1973a) 
Murine sarcoma LEVY et al. (1976) 
Visna HAASE and LEVINSON (1973) 
Maedi 
Progressive pneumonia 
Feline sarcoma LEVINSON et al. (1973 b) 

Orthom yxovirus Influenza Fox et al. (1977) 
Paramyxovirus Newcastle disease Fox et al. (1977) 
Orthopoxvirus Vaccinia, rabbitpox Fox et al. (1977) 
Reovirus Reovirus type 3 HANSON (1977) 
Rhabdovirus Vesicular stomatitis, Fox et al. (1977) 

Rabies 
Bacteriophage Lambda LEVINSON and HELLING (1976) 

pesvirus (LEVINSON et al. 1974). The remaining viruses that have been examined 
(LOGAN et al. 1975; Fox et al. 1977) are inactivated by IBTs very slowly unless ex
ogenous CUS04 is supplied. Invariably, inactivation proceeds faster in phosphate
buffered saline than in tissue culture medium. The reaction is also dependent on 
pH and temperature (PFAU 1977). Even though in vitro the IBTs in the presence 
of divalent copper can inactivate all viruses thus far used in murine infections treat
ed with the drug (see Tables 3-6; also PFAU 1975; LEVY et al. 1976; BAUER and SAD
LER 1960a for data on LCM, murine leukemia, and rabies viruses), therapeutic ac
tivity has only been demonstrated against the poxviruses. This may be due to their 
unique content of copper (Sect. F). Enhancement of the murine leukemia infection 
seen with MIBT treatment may be due to the immunosuppressive potential of the 
drug (Sect. G). 

IV. Isatin-p-4' ,4' -Dialk.ylthiosemicarbazones 

None of the compounds in the isatin series with unsubstituted thiosemicarbazone 
side chains were found to be effective against ectromelia or canarypox viruses 
(Sect. D.III). However, both isatin-j1-4',4'dimethylthiosemicarbazone and its N r 
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methyl derivative (BAUER and SADLER 1961) protected mice against lethal infection 
with ectromelia (the only other compound claimed to be effective is 5-cyanofuran-
2-formylthiosemicarbazone; WINKELMANN and ROLLY 1972). Nrmethylisatin-p-
4',4'-dibutylthiosemicarbazone (Busatin) has been found to inhibit the replication 
of poliovirus types 1,2, and 3 (PEARSON and ZIMMERMAN 1969) and inactivate on 
contact influenza A viruses (Bopp 1976; M. P. Fox and C. J. PFAU unpublished 
work 1976). 

V. Isatin-p-Isothiosemicarbazones 

Various isothiosemicarbazones have been found to be active in tissue culture 
(TONEW et al. 1974 b) and mice (VECKENSTEDT and ZGORNIAK-NOWOSIELSKA 1979) 
against vaccinia and Mengo virus infections. 

VI. Thiazole Thiosemicarbazones 

No studies other than on poxviruses have been reported for these compounds. 

VII. Pyrrolidine and Pyrazolone Thiosemicarbazones 

Pyrrolidine-TSCs have been reported to protect mice against influenza A infections 
(GERzON 1965). SINGH and SUGDEN (1971) claimed that certain pyrrolidine-TSCs 
were active in tissue culture against influenza A virus, parainfluenza (type 1), cox
sackievirus, and rhinovirus (types 1 and II). Inhibition of rhinovirus in tissue cul
ture has also been reported for a pyrazolone-TSC (Buu-HOI et al. 1968). 

VIII. Noncyclic Thiosemicarbazones 

THOMPSON et al. (l953a) found that oxime- and methoxime-TSCs would spare 
mice lethally infected with vaccinia virus. Kethoxal-bis-TSC has been shown to in
hibit the replication of vesicular stomatitis virus in chick embryo cells (LEVINSON 
et al. 1977 a), and inactivate on contact Rous sarcoma virus (KASKA et al. 1978). 

IX. Miscellaneous Thiosemicarbazones 

y-Thiochromanone-4-TSC has been shown to inhibit mouse tail lesion formation 
by the IHD strain of vaccinia virus (TSUNODA et al. 1971), and to prevent the cyto
pathic effects in chick embryo cells infected with that strain of virus as well as in 
He La cells infected with the WR strain of vaccinia (KATZ et al. 1974). 6-Formyl-
3,9-diethylcarbazole-TSC was active against the HPG strain of rhinovirus when 
grown in tissue culture (Buu-HOI et al. 1968). Indanedione-TSCs have been found 
to be inhibitory in tissue culture to poliovirus type 2 (VARMA and NOBLES 1967) and 
vaccinia virus (GIANNELLA and GUALTIERI 1970). These compounds have also been 
shown to prolong the life span of mice infected with either the PR8 strain of influ
enza A or the Lee strain of influenza B (GIANNELLA et al. 1973). 
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E. Effects on Normal Cells 

In the early 1950s, the beginnings of antiviral chemotherapy as we know it today, 
relatively little attention was paid to the effect of a drug on normal cells. There were 
a variety of reasons for this. Some of these were: (a) tissue culture model systems 
were not readily available; (b) appropriate molecular biology technology was not 
standardly used or developed; (c) such studies were not considered worthwhile un
til a drug was found to be effective in primates; and (d) there was less intervention 
by government regulatory agencies than exists today. Thus, in this context, the 
amount of literature available depends on when the thiosemicarbazone was dis
covered, how intensively it was investigated, and during what time period this in
terest was maintained. The various thiosemicarbazones will be discussed in the or
der established in Sect. C. 

I. Aryl Thiosemicarbazones 

No qualitative data is available for the effect these compounds have on normal 
cells. The only measurements to be found are maximum tolerated doses of drug 
per egg, mouse, or Maitland culture as measured, respectively, by survival time, 
weight gain, or ability of cells to divide. 

IT. Quinoline, Pyridine, and Thiophene Thiosemicarbazones 

With the exception of two reports to be cited, the same comments as given in Sect. 
E.I apply here. BROCKMAN et al. (1970) found a correlation between inhibition of 
ribonucleotide reductase in uninfected tissue culture cells of epidermoid carcinoma 
origin and inhibition of herpesvirus growth in these cells. Two inhibitors with this 
dual function, I-formylisoquinoline-TSC and 2-formylpyridine-TSC, caused no 
visible cytotoxicity in control cultures over the time period prior to virus harvest. 
I-Formylisoquinoline-TSC has recently been found to induce the synthesis of four 
new proteins in chick embryo cells (LEVINSON et al. 1979). The details ofthese stud
ies are given in Sect. E. VIII. 

ITI. Isatin-p -Thiosemicarbazones 

As stated in Sects. E.I and II, the early work with eggs and mice was rather unin
formative with regard to the specific effect of drugs on normal cells. With the first 
tissue culture studies on IBT (SHEFFIELD et al. 1960), toxicity was determined by 
following growth of HeLa cells for 7 days in the presence of drug. The maximum 
tolerated dose was determined as that concentration that would cause minimal 
morphological changes in the cells when examined under low power (54 x) mag
nification in the light microscope. That concentration was established as 40 IlM, 
eight-fold more than was necessary to decrease vaccinia virus yields by 90% at 18 h 
after infection. Even though 5 IlM IBT had no effect on cell morphology, SHEF
FIELD (1962) investigated the metabolism and growth rate of cells in the presence 
of the compound. The growth rate was determined by counting cells in a hemo
cytometer after dispersal with trypsin. Total protein content of the cells was also 



170 C.J. PFAU 

determined as well as their rate of utilization of glucose. At 40 IlM IBT there was 
no detectable inhibition of cell growth, protein synthesis, or glucose utilization dur
ing the first 24-h period. By extending the duration of the experiment to 5 days, 
very small differences in growth rates became measurable. BACH and MAGEE (1962) 
noted that the incorporation of tritiated thymidine into uninfected HeLa cells over 
the course of 12 h was the same in the presence or absence of 10 IlM IBT. MIBT 
has recently been found to induce the synthesis of four new proteins in chick em
bryo cells (LEVINSON et al. 1979). The details of these studies are given in Sect. 
E.VIII. 

IV. Isatin-p-4' ,4' -Dialkylthiosemicarbazones 

Although the IBTs had no discernible inhibitory effect on HeLa cells at concen
trations well above those necessary to inhibit vaccinia virus (Sect. E.I1l), this was 
not the case with the dialkylthiosemicarbazones. At 10 IlM MAGEE and BACH 
(1965) found that Nrmethylisatin-p-4',4'-dimethylthiosemicarbazone reduced 
vaccinia virus yield in HeLa cells by 90%, but also reduced tritiated thymidine in
corporation into uninfected cells by about the same amount. While studying the 
inhibitory effect of N1-methylisatin-p-4',4'-dibutylthiosemicarbazone on 
poliovirus synthesis (which does not depend on DNA template function), PEARSON 
and ZIMMERMAN (1969) found that at 20 IlMthe compound completely suppressed 
DNA synthesis within 60 min in He La cells. At this time RNA and protein synthe
sis were little affected, although RNA synthesis became more impaired with time. 
These inhibitory effects were reversible, for up to 3 h, by washing the cells twice 
with fresh medium. 

V. Isatin-p-Isothiosemicarbazones 

TONEW and TONEW (1974) found that tritiated uridine incorporation into the RNA 
of normal human amnion (FL) cells was reduced by 80% within 6 h after addition 
of anyone of three isothiosemicarbazones (Fig. 13) at concentrations that would 
almost completely block Mengo virus synthesis in these cells. The isothiosemicar
bazones were N rethyl (or methyl)isatin-S-ethylisothiosemicarbazone, and N 1 -
ethylisatin-S-n-butylisothiosemicarbazone. Since uridine is not a direct precursor 
of RNA, i.e., it has to enter the cell and then be phosphorylated to uridine-5'-tri
phosphate, they set out to determine if the effect was due to inhibition of transport 
or incorporation into RNA. They utilized the previous finding that at low temper
atures uridine can be taken up by cells and phosphorylated to the mono-, di-, or 
triphosphate forms without significant incorporation into RNA. Prelabeling the 
cells at 16°C prior to drug addition revealed no diminution, or only a small dim
inution, of cellular RNA synthesis. This technique was used to show that the com
pounds had a selective effect on Mengo virus RNA synthesis (Sect. F.V). 

VI. Thiazole Thiosemicarbazones 

No information is available for the effect of these compounds on normal cells. 
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VII. Pyrrolidine and Pyrazolone Thiosemicarbazones 

No information is available for the effect of these compounds on normal cells. 

VIII. Noncyclic Thiosemicarbazones 

Kethoxal-bis-thiosemicarbazone (Fig. 20, KTS) has been the only compound in 
this category to receive attention concerning its effect on normal cells. There is a 
large literature on the antitumor activity of the compound and in this context its 
effect on normal cells can be traced through the references cited here. When study
ing the inhibition of vesicular stomatitis virus (VSV) polypeptides by KTS, LEVIN
SON et al. (1977 a) noted that the drug induced the synthesis of four proteins in un
infected as well as infected chick embryo cells (Sect. F. VIII). Two of these migrated 
between the Land G viral peptides and two migrated close to the M viral peptide 
(Sect. F.VIII). Although actinomycin D inhibited their induction, implying the 
requirement for DNA-dependent RNA synthesis, it blocked neither the synthesis 
of VSV nor the antiviral effect of K TS. In further studies LEVINSON et al. (1978 b) 
followed the kinetics of synthesis of these proteins and established their molecular 
weights as 100,000, 70,000, 35,000, and 25,000 daltons. Furthermore, it was clear 
from their gel analysis that overall protein synthesis was normal, and that under 
x 30 or x 500 phase contrast microscopy no alteration in the cells could be ob
served. KTS was also found to induce three or four new proteins of the expected 
molecular weight classes in human foreskin fibroblasts as well as in mouse and 
duck embryo cells. Pulse-chase experiments in chick embryo cells revealed neither 
precursors nor products of these proteins. Since KTS or its copper complex had 
previously been shown to inhibit nuclear DNA synthesis and also respiration in 
mitochondria, the authors unsuccessfully tried to induce these proteins, which 
might have been products to circumvent a blocked metabolic pathway or enzymes 
with a catabolic function, using cytosine arabinoside, fluorodeoxyuridine, sodium 
cyanide, or dinitrophenol. The authors next speculated that these four proteins 
might be drug-detoxifying enzymes (LEVINSON et al. 1978 b). Since microsomal 
mixed-function oxidases are known for their detoxification functions, they tried, 
again unsuccessfully, to induce the four proteins with sodium phenobarbitol and 
ethyl alcohol- known inducers of cytochrome microsomal oxidase enzymes. They 
also considered the possibility that these four proteins were those of endogenous 
RNA viruses. Although this possibility seemed unlikely since the molecular 
weights of the induced proteins did not correspond to those of a purified prototype 
endogenous virus of chicken cells (Rous associated virus) they attempted to deter
mine whether uridine3H-labeled particles with a density of 1.16 were produced in 
drug-treated cells. No indication of this was found in treated or untreated cells. An
other possibility was that the drug-copper complex became bound to DNA and 
these proteins were induced as a result.This hypothesis was based on their previous 
observations (MIKELENS et al. 1976) that drug-copper complexes, but not drug 
alone, were bound to DNA and RNA in vitro. Indeed, LEVINSON et al. (1979) found 
that a number of che1ating agents including l-formylisoquinoline-TSC (Sects. C.II, 
D.II), N r methylisatin-f3-TSC (Sects. C.III, D.III), pyruvaldehyde-TSC, glyoxal
bis-thiosemicarbazone, and a number of other nonthiosemicarbazones would in-
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duce these four proteins in chick embryo cells. However, not all chelating agents 
tested would induce proteins. The determining factor for effectiveness was that the 
agent be an ionophore for 64CU. Without coming to any definite conclusions they 
speculated about the mechanism of induction by copper. LEVINSON et al. (1979) 
suggested that: (a) copper could interact with sulfhydryl groups in enzymes, and 
by inactivating them cause their induction (the interaction between copper and 
thiosemicarbazones, but not semicarbazones, has been described in Sects. D and F; 
(b) copper could interact with sulfhydryl groups in repressors that become altered 
sufficiently to allow mRNA transcription for the four proteins; (c) copper could 
be a cofactor for four metalloenzymes whose synthesis increases when copper con
centration increases; and (d) copper could damage DNA sufficiently to induce re
pair enzymes. 

IX. Miscellaneous Thiosemicarbazones 

y-Thiochromanone-l-thiosemicarbazone (Fig. 21; TCT) has been the only com
pound in this category to receive even superficial attention concerning its effect on 
normal cells. TSUNODA et al. (1971) noted that 8.4 IlM TST showed definte toxicity 
to chick embryo cells during the first 24 h. No toxicity was observed at 4.2 IlM, a 
concentration that inhibited vaccinia yield by 3 log units 24 h after infection. 

F. Mechanism of Action 

Most studies have centered on the inhibition of vaccinia virus by isatin-p-thiosemi
carbazones. As the molecular strategy of poxvirus infections has been unraveled 
(Moss 1974; COOPER et al. 1979), many of the possible modes of action have been 
eliminated. At this writing we do not know the specific mode of action of any of 
the thiosemicarbazones. Furthermore, one must keep in mind in the forthcoming 
discussions that what is found in cultured cells may not reflect what is happening 
in vivo. This is especially true with the isatin series of compounds which have been 
repeatedly shown to suppress the immune response (Sect. G). The various 
thiosemicarbazones will be discussed in the order established in Sect. C. 

I. Aryl Thiosemicarbazones 

The earliest studies on the mode of antiviral action ofthe thiosemicarbazones were 
carried out over 30 years ago with the benzaldehyde series of compounds. Then, 
only the most basic questions were asked about virus-cell interactions in the pres
ence of these compounds. HAMRE et al. (1950) first suggested that the sparing abil
ity of p-aminobenzaldehyde-TSC (Fig. 1) on vaccinia-infected eggs could not be 
due to a virucidal effect. They found that the same result was obtained when injec
tion of the drug was delayed until 4 h after infection, compared with the usual 30-
min interval. This would also indicate that the compound did not interfere with ad
sorption of virus to cells. They went on to show (HAMRE et al. 1951) that even when 
the virus was mixed with 100 times the concentration of drug needed to inhibit vac
cinia growth in the chorioallantoic membrane of eggs and held for 2 h at room tem
perature, there was still no direct inactivating effect. Using benzaldehyde-TSC 
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Fig. 24 

(Fig. 1) to confirm the sparing ability of this series of compounds in vaccinia-in
fected mice, THOMPSON et al. (1951) found that there was slightly more inactivation 
of extracellular virus in the presence than in the absence of the compound. The 
same result was obtained with the p-acetamido analog, but in both cases the 
authors appeared to consider the differences insignificant. The same group (MIN
TON et al. 1953) found that the virus titers in the brains of mice spared by benzalde
hyde-TSC were no different from the controls. These results may indicate that the 
immunopathologic disease pattern was altered (Sect. G), but they suggest strongly 
that direct inactivation of virus did not occur. Using cinnamaldehyde- or benzal
acetone-TSC (Fig. 3), IWASAKI et al. (1955) found that either compound could be 
added as late as 6 h postinfection to influenza-infected chick embryo Maitland cul
tures with no decrease in effectiveness. If added at 24 h postinfection (the experi
ment being terminated after 48 h) the hemagglutination titers were one-half those 
of the controls. Both cinnamaldehyde- and benzalacetone-TSCs and their p-di
methylamino derivatives had a direct inactivating effect on influenza virus. The 
virus was suspended in allantoic fluid and the compounds were added at a concen
tration that would reduce by 80% the hemagglutination titer from infected Mait
land cultures. After 24 h at 37 °C the un substituted compounds reduced titers by 
about 2 log units, whereas the dimethylamino derivatives caused about a 1 log unit 
drop in infectivity. On the other hand LUM and SMITH (1957) found that neither 
benzaldehyde- nor cinnamaldehyde-TSCs, at maximum nontoxic concentrations, 
would inactivate influenza viruses. They also observed that the compounds slightly 
inhibited adsorption of virus to chick chorioallantoic membrane cells, and that 
there was no noticeable effect on release of newly synthesized virus from cells. 

BAUER (1965 a) raised the question as to whether the benzaldehyde-TSCs exerted 
their antiviral activity in the same way as the isatin series of compounds. He 
focused on the structure of the two groups. The aldehyde-TSCs differ in one 
marked respect from the TSCs of isatin, which are diketones, in that the side chain 
contains an extra hydrogen atom. This atom can be cyclized by oxidation with fer
ric chloride to form a thiadiazole, a reaction that cannot take place with the isatin
{3-TSCs. BAUER considered that the cyclization could occur in vivo and that these 
were the acive compounds. To test this point, benzaldehyde-TSC (Fig. 1) was cy
clized to 2-amino-5-phenyl-1 ,3,4-thiadiazole (Fig. 24, X = C). The compound had 
antipox activity, but it was somewhat lower than that of benzaldehyde-TSC. The 
cyclized derivative of 4-formylpyridine, 2-amino-5-( 4'pyridyl)-1 ,3,4-thiadiazole 
(Fig. 24, X = N), was also active, but again the results did not demonstrate a 
requirement for cyclization. 

II. Quinoline, Pyridine, and Thiophene Thiosemicarbazones 

MINTON et al. (1953) found that 5-bromothiophene-2-TSC and 4-formylquinoline
TSC spared mice from lethal infection with vaccinia virus, yet none of the com-
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pounds tested was found to reduce the viral content of the brains of these animals 
consistently. ROLLY and WINKELMANN (1972) confirmed these findings using 
cyanothiophene-TSCs. These results may indicate that the immunopathologic dis
ease pattern was altered (Sect. G). However, KATZ et al. (1974) found that in HeLa 
cells there was virtually no replication of vaccinia virus in the presence of 2-formyl
pyridine-TSC or I-formylisoquinoline-TSC. The inhibition occurred prior to the 
synthesis of virus-specific DNA since none could be found in the cells. Vaccinia 
virus replicates in the cytoplasm (see Sect. F.l1I for a detailed account of the pox
virus infectious cycle) and thus virus-specific DNA synthesis is relatively easy to 
follow. This was done by determining the amount of radioactively labeled DNA 
precursor (thymidine) that was incorporated into cells which had been lysed and 
centrifuged to remove nuclei. The specificity of the inhibition was shown by the fact 
that the RNA-containing poliovirus was able to grow normally in cells treated with 
concentrations of compounds inhibitory to DNA virus replication (KATZ et al. 
1974). Furthermore, these findings were well correlated with previously reported 
observations (BROCKMAN et al. 1970) that these compounds were inhibitors of 
DNA synthesis. 

BROCKMAN et al. (1970), using pyridine- and isoquinoline-TSCs, noted a cor
relation between antiherpesvirus activity and inhibition of ribonucleotide reduc
tase in the uninfected host cells. Only those compounds examined in which the 
thiosemicarbazone side chain was affixed IX to the heterocyclic ring nitrogen were 
active in inhibiting both reductase and the herpesviruses. They suggested, and to 
date there is no support for this, that the activity of ribonucleotide reductase may 
be the limiting factor in the replication of these viruses. LEVINSON et al. (1974) also 
studied the effect of these compounds on various herpesviruses. They found that 
pyridine- and isoquinoline-TSCs could inactivate extracellular herpesvirus on con
tact as long as the suspending medium was free of agents, such as histidine, capable 
of chelating divalent cations of the first transition series metals (Sect. F .111). Thus, 
contact inactivation is an unlikely explanation for the results of BROCKMAN et al. 
(1970), since these studies were carried out in tissue culture medium containing the 
blocking amino acids. The same group (HAASE and LEVINSON 1973; LEVINSON et 
al. 1971, 1973 a, b) had found a striking correlation between the ability of various 
isatin-TSCs to inactivate the infectivity, and reduce virus-particle-associated rever
se transcriptase of Rous sarcoma virus and of three slow RNA viruses of sheep. 
Since MIBT, as well as isoquinoline- and pyridine-TSCs, could inactivate herpes
viruses (LEVINSON et al. 1974) a virion-associated RNA or DNA polymerase was 
sought. Because none was found the site of action was considered to be the nucleic 
acid template and not the enzyme function since it was shown that MIBT and cu
pric ions form stable complexes with which nucleic acids associate firmly (MI
KELENS et al. 1976). The same binding experiments were carried out with the iso
quinoline- and pyridine-TSCs, but no good correlation was found. Although 2-for
mylpyridine-TSC had the most antiviral activity and complexed well with DNA in 
the presence of CUS04, the other TSCs of 5-hydroxy-2-formylpyridine and I-for
mylisoquinoline having moderate antiviral activity hardly complexed at all with 
DNA (LEVINSON et al. 1974; MIKELENS et al. 1976). One could speculate that other 
metals are involved in the action of these compounds (LEVINSON et al. 1977 b). 
When studying various TSC-metal complexes for their ability to inibit the trans-
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forming activity ofRous sarcoma virus and its RNA-dependent DNA polymerase, 
LEVINSON et al. (1977 b) and KASKA et al. (1978) found that 2-formylpyridine-TSC 
in the presence of cupric ions was as active as any of the isatin series of compounds 
that had previously been investigated for these properties. In further studies 2-
pyridine-TSC was found to possess these antiviral properties (LEVINSON et al. 
1977 b), but its ability to bind to DNA with or without added copper was minimal 
LEVINSON et al. 1978 a). However, in this regard it was more effective than any of 
the other thiosemicarbazones when tested in the presence of cobalt (LEVINSON et 
al. 1978 a). In studying a wide variety of compounds (LEVINSON et al. 1978 a), it be
came apparent that not all agents active against Rous sarcoma virus bound to nu
cleic acids and not all ligands that bound to nucleic acids were active against Rous 
sarcoma virus. Furthermore, some copper-binding ligands were neither active 
against Rous sarcoma virus, nor were they bound to nucleic acids. At this time 
there appears to be no simple relationship between the antiviral activity of copper
binding ligands and their nucleic acid-binding ability. 

III. Isatin-p-Thiosemicarbazones 

Because some of the IBTs spare both mice and humans against smallpox infection, 
a great deal of attention has been focused on the mode of action of these com
pounds against poxviruses. All studies have been carried out in tissue culture sys
tems where virus-cell interactions in the presence or absence of drug can be more 
easily analyzed. The following represents the small amount of data that has led to 
the generally accepted conclusion that these compounds inhibit virus replication 
in vivo. MINTON et al. (1953) initially found that while IBT spared mice infected 
with the Williamsport strain of vaccinia virus, it failed to prevent virus replication 
as measured in the brain homogenates from these animals. Furthermore, the great
est concentration of virus was present in the brains of treated animals at approx
imately the same time as those of the untreated mice and the titers were similar. 
However, in later experiments the same group (THOMPSON et al. 1953 a) showed 
that serial passage of vaccinia virus in IBT-treated mice led to a gradual decrease 
in the amount of virus demonstrable in their brains. Specifically, after the fourth 
serial transfer, virus recovered from untreated mice was comparable in titer to that 
found in the beginning of the experiment; whereas in treated mice there was a drop 
of 2.3 log units. In confirming the therapeutic antipox activity of IBT, BAUER 
(1955) found that under his experimental conditions the drug was much more po
tent than previously realized. One aspect of this was his finding that on initial ex
posure to IBT the titers of the IHD strain of vaccinia virus in the brains of treated 
mice were usually 1 log unit lower than the controls. BAUER and SADLER (1960a) 
found that as the chloroform solubility of simple N1-alkyl derivatives of IBT (see 
Sect. C.UI) increased, decreasing amounts of the compounds were needed to pro
tect vaccinia-infected mice. They speculated that this increased activity could result 
entirely from their improved lipid solubility, which might enable them to more 
readily pass the blood-brain barrier and so reach the neurotropic strain of vaccinia 
(this would also account for the inactivity of compounds bearing strongly polar 
substituents). Using Nrethylisatin-p-thiosemicarbazone, POLLIKOFF et al. (1965) 
found that vaccinia titers in the brains of treated mice were almost 2 log units lower 
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than in the controls. The same observation was made by KAPTSOVA and MAREN
NIKOVA (1967) using N1-methylisatin-fJ-thiosemicarbazone and smallpox virus 
(variola major). Furthermore, histopathologic studies by POLLIKOFF et al. (1965) 
revealed few recognizable vaccinia virus particles or inclusion bodies (using he
matoxylin--eosin or Feulgen reagent staining) in the brains of treated mice. 

When the IBTs were found to prevent cytopathic effects in vaccinia-infected tis
sue culture, studies were begun on the mode of action of these compounds. The 
initial investigations were carried out by BAUER and his associates (SHEFFIELD et al. 
1960). They first established that IBT had no effect on the virus itself. The inacti
vation kinetics of neurovaccinia and rabbitpox over a lO-h period at 37°C in the 
presence of 40 J!M IBT (a ten-fold lower concentration would inhibit poxvirus 
growth by over 90% in cells derived from embryonic rabbit kidney; SHEFFIELD 
1962) were identical. This type of result has been repeatedly confirmed (EASTER
BROOK 1962; ZGORNIAK-NoWOSIELSKA et al. 1973; Fox et al. 1977), even though 
contact inactivation of vaccinia and rabbitpox virus by MIBT occurs in the pres
ence of exogenously added CuS04 (Fox et al. 1977). The latter is a provocative 
finding because vaccinia contains copper; at least, it has not been eliminated from 
virus preparations as purification techniques have improved (HOAGLAND et al. 
1941; JOKLIK 1962; ZWARTOUW 1964). Although more will be said later in this sec
tion about the possible significance of copper in the intracellular inhibition of pox
virus replication by the IBTs, copper associated with the intact virus may be inac
cessible to IBT or held in a chelate of higher stability constant. 

I will discuss the remaining mode of action studies, not necessarily in the 
chronology of their publication, but in the chronology of the sequential stages in 
the poxvirus--cell interaction. These stages will be divided into five general cate
gories essential for virus replication: (1) adsorption, penetration, and uncoating; 
(2) transcription of the genome into messenger RNA (mRNA); (3) translation of 
the messages into virus-specific proteins; (4) replication of the genome; and (5) 
structural proteins and viral assembly. 

1. Adsorption, Penetration, and Uncoating 

SHEFFIELD et al. (1960) demonstrated that IBT did not interfere with the adsorption 
of rabbitpox virus to cells. Their protocol was to infect a number of rabbit kidney 
cell monolayers with a uniform dilution of virus that would yield a high, but coun
table, number of plaques after incubation for 40 h at 37°C. In one-half of the 
plates the virus inoculum contained 80 J!M IBT. The virus was then removed from 
individual monolayers (with or without drug) at 0.5, 1,2, and 4 h after infection. 
The plates were exhaustively washed and incubation continued in the absence of 
drug. The kinetics of adsorption could be established by following the increasing 
number of plaques that eventually developed as the time interval was increased be
tween inoculum addition and removal. In more extensive studies of the mode of 
action of IBT, EASTERBROOK (1962) showed that such cells were able to adsorb a 
second virus challenge. He found that 22 h after infection of KB (human epider
moid carcinoma) cells with vaccinia virus, initiation of the infectious cycle with 
rabbitpox virus proceeded equally well as in cells never exposed to the drug. GLA
DYCH et al. (1969), when investigating the inhibition of rhinoviruses by IBT and 
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MIBT, also concluded that these compounds did not interfere with virus adsorp
tion to human embryonic lung cells. 

Poxviruses enter cells by phagocytosis or by fusion with the cell membrane. 
Constitutive enzymes of these cells carry out the early stages of the uncoating pro
cess which involves release of all the phospholipids in the virion as well as one-half 
of the viral protein. The resulting essentially noninfectious "core" structures at this 
stage become a transcription factory for the mRNAs encoding the enzymes 
(among many others) responsible for degrading the cores and completing the un
coating process. These stages in the poxvirus--cell interaction were shown by 
EASTERBROOK (1962) to proceed normally in the presence of IBT. He found that 
the rapid decrease in KB-cell-associated virus during the first 7 h after infection 
(the eclipse phase) was the same with or without drug. This loss in cell-associated 
infectivity was also apparent even after a second challenge virus infection. Indirect 
confirmation of this type of result has come from experiments showing that IBT 
can be added as late as 3-4 h after infection ofERK (human epitheloid carcinoma) 
cells without any decrease in antipox activity (ApPLEYARD et al. 1965). Further
more, ZGORNIAK-NoWOSIELSKA et al. (1973), using bis-piperazine derivatives of 
IBT (Fig. 9), observed that these compounds were as effective in L-132 (human em
bryonic lung) cells whether added 1 or 4 h after the vaccinia virus adsorption pe
riod. Employing electron microscopy, LOVAS and HOLLOS (1969) found that the 
morphology of vaccinia virus during adsorption, penetration, and uncoating was 
the same in both MIBT-treated and untreated chick chorionic cells. 

2. Transcription 

The existence of a DNA-dependent RNA polymerase in poxviruses and the clear 
separation between host and viral transcriptions sites (these viruses multiply in the 
cytoplasm) has made the study of vaccinia virus-specific mRNAs particularly illu
minating. The overall production of poxvirus mRNAs is clearly biphasic. The ini
tial small burst of mRNA synthesis resulting from transcription of cores is fol
lowed by a second wave, representing mostly late mRNA sequences the synthesis 
of which is dependent on viral DNA replication. About 14% of the viral genome 
is transcribed from cores and extruded by a mechanism which specifically requires 
ATP. Early and late mRNA sequences can be distinguished by molecular hybrid
ization competition and by differences in sedimentation rates. The early messenger 
RNAs appear to have a very long half-life compared with late mRNAs. WOODSON 
and JOKLIK (1965) established that neither the extent of synthesis of vaccinia-spe
cific mRNA (early as well as late), nor its time course, was affected in HeLa cells 
exposed to IBT. Their methods depended on the fact that in uninfected HeLa cells 
all RNAs were synthesized in the nucleus. They found that in the cytoplasm of 
virus-infected cells, rapidly labeled (with uridine 14C) RNAs were synthesized 
within 1 h having sedimentation coefficients of 10-14 S. The sedimentation coeffi
cients of the rapidly labeled RNA formed 3 h after infection were 16-23 S. Both 
types of RNAs, and not 4 S transfer RNAs also found in the cytoplasm, were 
found to hybridize with DNA from purified vaccinia. KATZ et al. (l978b) have 
confirmed that IBT did not cause a significant change in the sedimentation profile 
ofthe early (1 h) and late (5 h) viral mRNA. WOODSON and JOKLIK (1965) also de-
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termined that the mRNAs made prior to genome replication were functional in the 
sense that they could be incorporated into polyribosomes (packets of ribosomes si
multaneously translating an mRNA molecule). Polyribosomes obtained from IBT
treated cells were analyzed by sucrose density gradient centrifugation. For the first 
2 h after infection, the distribution of these polyribosomes, as determined by op
tical density and radioactivity of the mRNAs, was similar to that from the drug
free infected cells. 

3. Translation 

Primary transcription of approximately 14% of the parental DNA by the virion 
polymerase leads to the synthesis, not only of early enzymes that function in the 
biosynthesis of progeny poxvirus genomes, but also of a few of the 30 different 
polypeptides found in the mature virus particle. The early enzymes induced in vac
cinia-infected cells include: thymidine kinase, polynucleotide ligase, DNA poly
merase, polyadenylic acid-dependent polymerase, a double-stranded-specific ex
oDNase, and a single-stranded-specific endoDNase. By combining quantitative 
immunoprecipitation with autoradiography of gel diffusion plates, it has been es
tablished that at least two core polypeptides and one surface polypeptide are made 
prior to viral DNA synthesis. Temporal studies on viral protein synthesis have 
been carried out by pulse labeling infected cells with radioactive amino acids, fol
lowed by analysis using either immunodiffusion or polyacrylamide gels. 

In 1965 MAGEE and BACH found that all of the early enzymatic changes that 
they could measure in vaccinia-infected cells (thymidine kinase and DNA polymer
ase) proceeded at normal, or nearly normal, rates in the presence of IBT. MAGEE 
and BACH (1965), and later BABLANIAN (1968), also noted that IBT had no effect 
on the early cytopathic effect that had been observed by various investigators in 
different cell lines within 1 h after infection with vaccinia. All future findings would 
indicate that this rounding of cells was the result of the synthesis of one or more 
virus-induced early proteins (BABLANIAN 1968). ApPLEYARD et al. (1965) observed 
antigen-antibody precipitation reactions in gels by the method of Ouchterlony 
(double diffusion in two directions). They found that IBT had no effect on the in
corporation of short pulses of 14C-Iabeled amino acids into whole cells during the 
first 2.5-3 h. Using the same approach with additional analysis of solubilized 
radioactively labeled proteins by polyacrylamide gel electrophoresis, KATZ et al. 
(1973 b) established that IBT had no effect on the gradual transition from the syn
thesis of host proteins to early viral proteins. Polyacrylamide gel analysis of early 
vaccinia proteins formed in IBT-treated cells has repeatedly shown the normally 
expected pattern (PENNINGTON 1977; COOPER et al. 1979). As will be shown later, 
IBT profoundly effects viral protein synthesis that occurs after replication of the 
genome. COOPER et al. (1979) addressed themselves to the possibility that the in
hibition of protein synthesis was obtained so late in the infection because IBT took 
many hours to exert its effect. To rule out this trivial explanation fluoro
deoxyuridine (FUDR), an inhibitor of DNA replication, was added to infected cul
tures to prevent late protein synthesis. In normally infected cells, early protein syn
thesis is inhibited at the translational level, i.e., a product (possibly a protein) of 
late mRNA (synthesized from progeny DNA template) is necessary for turnoff of 
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early protein synthesis. Even after 8 h FUDR treatment IBT did not block early 
protein synthesis. 

4. Replication 

The synthesis of viral DNA, which requires continuous protein synthesis, takes 
place in discrete regions of the cytoplasm not intermingled with the usual cytoplas
mic organelles. The number of such foci is proportional to the multiplicity of in
fection (m.o.i.) and at a low m.o.i. only one focus is evident for each cell. Vaccinia 
DNA synthesis takes place between 1.5 and 6 h after infection, and maturation of 
the DNA into virions requires a further period of up to 10 h. A convenient way 
to determine this DNA synthesis quantitatively is to measure incorporation of thy
midine 3H with time into cytoplasmic acid-insoluble material after separating the 
infected cells into nuclear and cytoplasmic fractions. 

In 1962 EASTERBROOK, as well as BACH and MAGEE, concluded that IBT had 
no effect on vaccinia DNA synthesis. Using tritiated thymidine and autoradio
graphic techniques, they counted the number of DNA-synthesizing "factories" in 
the cytoplasm of infected cells. These findings were confirmed by ApPLEYARD et 
al. (1965) who counted cytoplasmic "factories" by using the nucleic acid-binding 
dye, acridine orange. BACH and MAGEE also followed the temporal uptake of triti
ated thymidine into perchloric acid solubilized DNA from the cytoplasm of in
fected cells. Unimpeded uptake of thymidine into cytoplasmic DNA of vaccinia
infected cells in the presence ofIBT has been repeatedly confirmed (WOODSON and 
JOKLIK 1965; KATZ et al. 1973 a, b). Several investigators considered the possibility 
that DNA made in the presence of IBT was defective in some way. MAGEE and 
BACH (1965) first considered that IBT might be bound to DNA. They observed 
that IBT gave a 3 DC stabilization of the melting temperature of calf thymus DNA, 
and a very slight shift to higher wavelengths in the DNA absorption spectrum (in 
the 260-300 nm range). They concluded that direct interaction between IBT and 
DNA was not likely to be the primary mode of action ofthis agent. As shown later 
in this section, IBT in the presence of divalent copper can change the physical con
figuration of DNA (MIKELENS et al. 1976). Furthermore, later work would confirm 
a slight change in the adsorption spectrum of DNA (PILLA! et al. 1977) but a pro
found change in the adsorption spectrum of MIBT (Amax= 356 nm) in the presence 
of DNA (or bovine serum albumin) and divalent copper (ROHDE et al. 1979). 
MAGEE and BACH (1965) next considered if IBT effected the "reading" of DNA. 
They found that the turnoff of early protein synthesis (specifically thymidine 
kinase), which depends on translation oflate mRNA, occurs normally in the pres
ence of drug. The same investigators (BACH and MAGEE 1962; MAGEE and BACH 
1965) also determined that the progeny DNA made in the presence of IBT could 
be packaged into mature virions. They incubated vaccinia-infected cells in the pres
ence of IBT and tritiated thymidine for the first 4 h after infection. The cells were 
then washed and normal medium was replaced to allow a partial virus yield. After 
purification, the specific activity (radioactivity jinfectious units) of the virus was de
termined. This, combined with the appearance of the virus in the electrom micro
scope, led MAGEE and BACH (1965) to conclude that DNA made in the presence 
of drug could be incorporated into functional particles. WOODSON and JOKLIK 
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(1965) also questioned if vaccinia DNA made in the presence of IBT could be 
coated. They defined coating by the loss of susceptibility to DNase. If IBT was al
lowed to remain for the entire time of the normal growth cycle no more than 15% 
of the DNA became insusceptible to enzymatic digestion. KATZ et al. (1973 b) con
firmed these findings but also noted, as did MAGEE and BACH (1965), that IBT 
withdrawal during the early part of the growth cycle allowed DNA to be converted 
to a DNase-resistant form. 

5. Proteins and Viral Assembly 

Several observations reported in 1962 indicated that IBT affected a late stage in 
the poxvirus--cell interaction. BACH and MAGEE found that IBT was effective even 
when added to cells after cessation of a viral DNA synthesis. EASTERBROOK showed 
that virus-specific antigens responsible for complement fixation and reaction with 
fluorescein-labeled antibody were produced in IBT-treated cells. He also followed 
the development of virus by electron microscopy. The first difference between 
virus-infected and normal cells as seen in the electron microscope is the appearance 
of "factory" areas in the cytoplasm 2-3 h after infection. They appear as areas of 
dense granules and randomly oriented threads devoid of mitochondria and other 
cytoplasmic organelles. The dense material of the "factory" then aggregates into 
clumps of compact filaments within and around which membranes form. These 
membranes appear to develop as arc-like fragments at one edge of the condensate 
and gradually grow to form a spherical surface which eventually completely sur
rounds the "immature" particle. Subsequently, small foci appear eccentrically 
within the "immature" particle. These foci probably contain DNA and are thought 
to the precursors of the prominent dumbbell-shaped core within each mature virus 
particle. Final maturation leads to a particle which is smaller or more condensed 
than the "immature" form, but much more complex structurally, with large lateral 
bodies and an outer double membrane on either side of the core. EASTERBROOK 
(1962) was the first to note that, in the presence ofIBT, vaccinia-infected cells con
tained few, if any, mature particles. However, these cells contained a large number 
of immature forms, most of which appeared to have complete membranes. All sub
sequent electron microscopic studies showed that IBT or MIBT would both delay 
virion morphogenesis and block it at the "immature" particle stage (HARFORD et 
al. 1972; LOVAS and HOLLOS 1969; O'SULLIVAN et al. 1964). It has been stated 
(ZGNORIAK-NoWOSIELSKA et al. 1978) that a derivative of MIBT [N,N'-bis(f3-
thiosemicarbazone-methylisatin) -2-methylpiperazine, Sect. C.I1I] allows forma
tion of mature vaccinia virus particles, not differing morphologically from virions 
observed in drug-free infected HeLa cells. 

KATZ et al. (1978a) purified immature particles by sucrose density gradient 
techniques and compared these high density DNA-protein complexes arising in 
IBT-treated cells to those found under normal conditions. Using methionine 35S 
labeled protein they found that both types of immature particles sedimented at ap
proximately the same rate. However, tritiated thymidine labeling (KATZ et al. 
1978 a) revealed that the immature particles made in the presence ofIBT contained 
very little DNA. Furthermore, using polyacrylamide gel electrophoresis tech
niques, these investigators also established that there were profound differences in 
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the polypeptide composition of both types of immature particles. Up to 30 poly
peptides can be resolved from detergent-dissociated mature virus by polyacrylam
ide gel electrophoresis. The sum of the molecular weights of these peptides (ranging 
from 10,000 to 200,000 daltons) is 2 x 106 daltons or about 20% of the coding ca
pacity of the genome. Three polypeptides account for 35% of the total protein, 8 
peptides for an additional 50%, and 19 for the remaining 15%. At least three major 
late proteins (4 a, 4 b, and 10) comprising more than one-third of the protein mass 
of vaccinia virions are formed by cleavage of higher molecular weight precursors. 

KATZ et al. (1978 a) found that the immature particles formed in the presence 
ofIBT lacked two of the main core polypeptides: 4a and 4 b. The KATZ group had 
previously established by pulse-chase experiments that, while precursors P4 a and 
P4 b were cleaved in the presence of IBT to produce the structural polypeptides 4 a 
and 4b (KATZ et al. 1973b), the amounts made were only about 50% of those 
found in the total cytoplasmic fraction (obtained after boiling with detergent and 
mercaptoethanol) of cells in the absence of drug (KATZ and FELIX 1977). Further
more, using quantitative immunoprecipitation and polyacrylamide gel electropho
resis techniques, they found an overall quantitative slowdown in late viral protein 
synthesis (KATZ and FELIX 1977); a conclusion also reached by PENNINGTON in 
1977 (the failure of ApPLEYARD et al. 1962, 1965 to observe many late antigens in 
rabbitpox-infected cells may have been due to the low sensitivity of the immuno
precipitation in agar technique that was used or the inability to detect "insoluble" 
antigens such as P4a and 4a). Thus, IBT appeared to block the integration of 4a 
and 4 b into the immature particles. This block in core polypeptide integration 
must be a reflection of the inhibition of either messenger RNA synthesis, the trans
lation process, or interference with processing of precursor. Synthesis oflate virus
specific proteins with either enzymatic or structural functions is paralleled by an 
increase in RNA synthesis and the appearance of mRNA that was not present in 
the early phase of virus growth. The late mRNA appears to have a very short half
life compared with the early mRNAs. WOODSON and JOKLIK (1965) were the first 
to examine late mRNAs in vaccinia-infected cells treated with IBT. Under these 
conditions they found that mRNAs of normal size (16 S) and quantity were syn
thesized and that these mRNAs could be incorporated into polyribosomes. How
ever, these 16S RNAs could only be demonstrated after short labeling periods 
(3.5 min) with tritiated uridine. Longer labeling periods of 8-13 min produced 
RNAs with median sedimentation coefficients considerably smaller than 16 S, in 
the neighborhood of 8 S. These results fit in with their observations that few 
polyribosomes were present in cells 4 h after infection in the presence of IBT. 
WOODSON and JOKLIK questioned whether this was due to lack of formation, or 
rapid breakdown, of polyribosomes. To explore the latter possibility, cells infected 
4 h previsously with vaccinia were exposed to varying concentrations of IBT for 
30 and 60 min. Indeed, it was found that polyribosomes were unstable in the pres
ence of the compound (as measured by an increase with time in the number of 
single ribosomes) in a dose-dependent fashion. KATZ et al. (1978 b) confirmed that 
in the presence ofIBT there was a significant decrease of heavy polyribosomes late 
in infection. Furthermore, using 12-min labeling periods with tritiated uridine they 
found that late mRNAs synthesized in the presence of IBT appeared smaller or de
graded (COOPER et al. 1979). 
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Utilizing the then recent understanding that eukaryotic mRNAs contain 3' ter
minal polyadenylic acid, poly (A), sequences, COOPER et al. (1979) passed the cyto
plasmic RNAs through a polyuridylic acid-sepharose column which would retain 
the mRNAs with poly (A) sequences. In this way it was found that although the 
total uridine incorporation into the cytoplasmic RNA was unchanged in the pres
ence of IBT (as originally reported by WOODSON and JOKLIK), incorporation into 
the poly (A) messenger RNA was reduced by about 50%. This mRNA hybridized 
with vaccinia DNA but some of it appeared smaller or more degraded than that 
of the control. This group then determined if virus-specific mRNA made in the 
presence of IBT was methylated. Eukaryotic mRNAs contain 5' terminal methyl
ated caps and the cap in vaccinia mRNA appears to be required for ribosome bind
ing and efficient translation. Cells 6--8 h after infection were doubly labeled, in the 
presence or absence ofIBT, with uridine 14C and methyl 3H methionine. The RNA 
was purified by cesium chloride centrifugation and poly (U)-sepharose chroma
tography, and hybridized to vaccinia DNA. Virus-specific RNA was indeed found 
to be methylated in the presence of IBT. Since the cells contained considerable 
amounts of apparently intact virus-specific mRNA, yet late protein synthesis was 
inhibited by 95% (under their experimental conditions), the authors (COOPER et al. 
1979) considered that the mRNA was not translated for some unknown reason. 
To test this hypothesis a message-dependent, cell-free, protein-synthesizing system 
was prepared using rabbit reticulocytes. They had previously shown that this sys
tem could accurately translate early and late vaccinia virus mRNAs. Using total 
cytoplasmic RNA obtained from cells at various times late in the infection cycle, 
they found as much as a 50% reduction in the amount of methionine 35S incorpor
ated into newly synthesized peptides; a figure consistent with the relative amount 
of intact virus-specific mRNA obtained from the IBT-treated cells. They then de
termined if the mRNAs isolated from the IBT-treated cells coded for the full spec
trum of late virus-specific peptides. Even though total incorporation was reduced 
by 50%, all polypeptides which could be resolved by the separation methods used 
were synthesized. However, the synthesis of large polypeptides was reduced more 
than that of the small polypeptides. They also added IBT directly to the reticulo
cyte cell-free system containing normal virus-specific mRNA. Even adjusting for 
the intracellular five-fold increase in concentration of IBT over the extracellular 
concentration, as found by WOODSON and JOKLIK (1965), translation was not in
hibited. As suggested later in this section, copper may possible playa key role in 
the ability of IBT to inhibit poxvirus synthesis. Thus it would be of interest if these 
cell-free protein-synthesizing systems could function in the absence of chelating 
agents so that copper could be deliberately added to the system. COOPER et al. 
(1979) concluded that further work was necessary to define the mechanism of in
hibition of protein synthesis since, in the presence ofIBT, approximately one-half 
of the expected amount of mRNA was capped, properly methylated, polyadenyl
ated, and translatable in a cell-free protein-synthesizing system, yet polypeptide 
synthesis was inhibited by 95%. 

The realization that IBTs could complex with virtually any nucleic acid (MI
KELENS et al. 1976) evolved from observations initially made by LEVINSON et al. 
(1971). While determining if IBTs had any effect on oncogenic viruses they ob
served that EIBT (the N1-ethyl derivative) apparently inhibited synthesis of Rous 



The Thiosemicarbazones 183 

sarcoma virus in virus-transformed cells. However, sucrose density gradient anal
ysis revealed that particles of Rous sarcoma virus labeled with tritiated uridine 
were being produced. This paradox was resolved by subsequent experiments in 
which Rous sarcoma virus was exposed to EIBT prior to infection of cells. These 
experiments demonstrated that EIBT inactivated the virus on contact. Further
more, LEVINSON et al. (1973 b) established that either MIBT or CuS04 could inacti
vate the virus, and when combined they could inactivate at concentrations where 
either alone had no activity. In fact, with no deliberate addition of CuS04 the ac
tion of MIBT could be blocked by ethylenediaminetetracetic acid (EDTA), as well 
as other chelating agents. Thus, LEVINSON et al. (1973 b) considered that MIBT ac
ted as a scavenger (for trace contamination from glassware or media) and vehicle 
to transport copper to an appropriate site. Parenthetically, CuS04 alone (or ele
mental copper in the case of influenza virus) has been found to inactivate on con
tact herpesvirus (LEVINSON et al. 1974), rabies virus (Fox et al. 1977), Sindbis virus 
(Fox et al. 1977), and influenza virus (ONG 1958). After inactivation, Rous sar
coma virus was shown still to retain its ability to adsorb to cells (LEVINSON et al. 
1973 a). 

A striking correlation was found between the ability of various thiosemicarba
zones to inactivate the infectivity as well as the virus-particle-associated reverse 
transcriptase of Rous sarcoma (LEVINSON et al. 1973 b) and visna viruses (HAASE 
and LEVINSON 1973). For a while it was considered that the contact inactivation 
of these viruses was a reflection of the thiosemicarbazones and copper to inactivate 
these enzymes, yet herpesviruses which were lacking this enzyme were still suscep
tible to the complex (LEVINSON et al. 1974). Further work showed that the Rous 
sarcoma virus-particle-associated enzymes, lactic dehydrogenase and tRNA nu
cleotidyl transferase, which do not require template, as well as ribonuclease H 
which is located on the RNA-dependent DNA polymerase itself, were not sensitive 
to MIBT (LEVINSON et al. 1973 a; WANG and LEVINSON 1978). This group (MI
KELENS et al. 1976; LEVINSON et al. 1977b) has hypothesized that the mode of in
hibition of MIBT on the enzyme activity of the leukoviruses was due to binding 
of a ligand-metal complex to nucleic acid rather than to enzyme. This was based 
on their finding that MIBT and CuS04 formed stable complexes with which any 
type of nucleic acid of at least 25,000 daltons would firmly associate. This could 
be quantitatively measured by retention of radioactively labeled nucleic acid on 
0.45 11m nitrocellulose filters. Either histidine (at a concentration similar to that in 
tisue culture medium, see Sect. D.lII, or EDTA in a mixture containing MIBT, 
CuS04, and nucleic acid would prevent the latter from being retained on these fil
ters. Furthermore, CUS04 alone (even 1,000 times its effective concentration when 
combined with MIBT) had no ability to cause trapping of nucleic acid. Other re
sults (Fox et al. 1977) with Sindbis virus and poliovirus also indicated that the pos
session of virion-associated enzymes was not a prerequisite for contact inactivation 
and would lend support to the Levinson hypothesis. 

When LEVINSON et al. found that nucleic acids bound to MIBT --copper com
plexes in vitro it was of obvious interest to determine whether the interaction in 
the test-tube with purified nucleic acids was biologically pertitent. It seemed to be 
in this sense that MIBT --copper complexes inhibited the transfection of A phage 
DNA in Escherichia coli (LEVINSON and HELLING 1976). Furthermore, they (LEVIN-
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SON et al. 1978a) also attempted to determine whether a nucleic acid-MIBT--cop
per complex was formed within Rous sarcoma virions when they were exposed 
under conditions similar to those used to inactivate the biologic activities of the 
virus. Purified tritiated uridine-labeled Rous sarcoma virus was exposed to CuS04 , 

MIBT, or a combination of the two. After incubation, the virus was disrupted and 
excess calf thymus DNA was added to react with any originally unbound MIBT
copper complexes. The samples were then centrifuged in a sucrose density gradient. 
As in the nitrocellulose filter technique, these experiments demonstrated that 
MIBT --copper complexes changed the configuration of virus nucleic acid. While 
CuS04 had little effect on the sedimentation of Rous sarcoma virus RNA, MIBT 
treatment resulted in the loss of approximately 50% of the RNA in the normally 
expected profile. Treatment with both compounds resulted in the complete loss of 
the RNA. Presumably the RNA was pelleted, rather than degraded, since none of 
the radioactivity was at the top of the gradient. Furthermore, EDTA added direct
ly to the virus after exposure to MIBT and CuSO 4 completely prevented the loss 
of RNA in the gradient. 

Since IBT and its N1-alkyl derivatives in the presence of divalent copper direct
ly interact with virtually all viruses and nucleic acids, it appears that a good deal 
of significance should be attached to the ability of the IBTs to be effective in ver
tebrates against only one family of viruses, the poxviruses. No other viruses but 
the poxviruses have been reported to contain copper (HOAGLAND et al. 1941; JOK
UK 1962; ZWARTOUW 1964) and this may be what sets them apart in their in vivo 
sensitivity to the IBTs. THOMPSON et al. (1953 a) were aware that thiosemicarba
zones were chelating agents and they attempted to determine, not if metals would 
enhance the antipox activity of these compounds, but rather if they would inhibit 
their activity in mice. A number of substances, including monovalent cuprous 
chloride, were found to have no influence on the activity of various thiosemicarba
zones. When BAUER (1955) first confirmed the antipox activity of IBT in mice he 
noted that the maximum degree of protection was obtainable with a quite small 
dose, and that the effect could not be substantially increased by greatly increasing 
the dose (or by daily dosage; POLUKOFF et al. 1965). He felt that the possible limi
tation of the therapeutic effet was brought about by the presence in the brain 
(where virus was injected) of a fixed concentration of some substance essential for 
the activity of IBT. He speculated that a host factor, possibly copper or some other 
metal, might form chelate complexes with IBT and this might be the active com
pound. 

Recognizing that a single report existed (HOAGLAND et al. 1941) concerning the 
copper content of vaccinia, BAUER (1958) proposed that copper from the virus 
might somehow playa role in the inhibition of cellular function. He felt that copper 
salts or compounds, deliberately added to the diet of vaccinia-infected mice might 
have antiviral activity by competing with the copper from the virus. Indeed he 
found that copper in the divalent, but not the monovalent, state would prolong the 
survival time of vaccinia-infected mice by 20%-50%. Divalent copper had no ef
fect on 23 other murine viruses. When BAUER and SADLER (1960a) established that 
sulfur in the side chain of IBT was necessary for antipox activity, they felt that its 
ability to chelate metals was a key factor. They suggested that since vaccinia was 
thought to contain copper it was this circumstance that brought about the selective 
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therapeutic effect ofIBT on neurovaccinia. The present author's hypothesis is that 
IBTs interfere with late mRNA stability or function because it is only late in the 
infection when copper is brought into the "factory" or "virosome" areas of the 
cytoplasm to be incorporated into maturing virions. To support or refute this hy
pothesis the copper content of mature vaccinia virions could be reestablished using 
better virus purification and analytical chemistry techniques than were available 
15 years ago. The copper content of virus at various stages in the maturation pro
cess could also be determined. One wonders whether IBT -resistant mutants of pox
viruses (see Sect. H) contain copper. In this regard it is of interst to note that IBT
resistant mutants of both vaccinia and rabbitpox virus lose their resistance to the 
drug when grown in the presence of the wild-type virus (ApPLEYARD and WAY 
1966; KATZ et al. 1973c). 

IV. Isatin-p-4' ,4' -Dialkylthiosemicarbazones 

Unlike the monoalkyl or unsubstituted thiosemicarbazones, these compounds are 
able to protect mice against lethal infection with ectromelia viruses. Isatin-p-4',4'
dimethylthiosemicarbazone has been clearly shown to block virus replication as 
measured in the brains of treated mice (O'SULLIVAN et al. 1963). Under the same 
conditions isatin-p-4',4'-tetra- or pentamethylenethiosemicarbazone has been 
found to arrest virus synthesis (BAUER 1963). Although only one published report 
deals with the mode of action of these dialkylthiosemicarbazones, all inter
pretations would be clouded because the exquisite poxvirus specificities ofthe IBTs 
and dialkylthiosemicarbazones demonstrable in mice (Sect. C.IV) break down in 
tissue culture (Sect. D.III). MAGEE and BACH (1965) found that, unlike the IBTs, 
N-methylisatin-p-4',4'-dimethylthiosemicarbazone inhibited both vaccinia and 
cellular DNA synthesis, the former being more sensitive than the latter. 

In tissue culture studies, N-methylisatin-p-4',4'-dibutylthiosemicarbazone was 
shown by PEARSON and ZIMMERMAN (1969) to be equally effective in inhibiting the 
replication of poliovirus types 1,2, and 3. It did not appear to block virus adsorp
tion or penetration, because it could be added to cells 30 min after infection. In 
fact, the compound could be added at any time during the growth cycle of the virus 
and would rapidly prevent further virus replication without inactivating previously 
synthesized virus. Using actinomycin D to unmask virus specific RNA synthesis 
in HeLa cells, PEARSON and ZIMMERMAN (1969) found viral RNA to be completely 
blocked within 1 h after addition of the compound, even when viral RNA was be
ing synthesized at a maximal rate. This inhibition occurred before viral polyribo
somes were degraded and protein synthesis slowed. Using an in vitro cell-free 
poliovirus polymerase reaction, they showed that the compund could inhibit the 
incorporation of uridine 3H 5'triphosphate into acid-precipitable material. 

N-methylisatin-p-4'-4'-dibutylthiosemicarbazone has been found to inactivate 
on contact influenza A (strains WSN and PR8) and B (strain Lee) viruses (Bopp 
1976; M.P. Fox and C.J.PFAU, unpublished work 1976). These viruses fully re
tained their hemagglutination activity. Neuraminidase activity, tested only for the 
A viruses, was also found to be unchanged (PFAU 1977). In view of the data pre
sented in Sect. F.III (and the poliovirus results) this may indicate that these dialkyl
thiosemicarbazones also effect nucleic acid function. 
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V. Isatin-Jl-Isothiosemicarbazones 

A series of studies by E. and M. TONEW and co-workers centered around the mode 
of action of these compounds against Mengo virus replication in human amnion 
(FL) cells. The initial studies (TONEW et al. 1974 b) using N1-ethylisatin-S-ethyliso
thiosemicarbazone (Fig. 13) showed that the compound had no virucidal effect on 
this RNA-containing virus. Furthermore, it did not intefere with the adsorption 
or penetration of the virus. The former was measured by the amount of virus that 
could be washed from the cells after the virus adsorption period. The latter was 
measured by the loss of ability of virus-specific antibody to neutralize cell-ad
sorbed virus. Extending these studies to include N1-methyl-isatin-S-ethylisothio
semicarbazone and N1-ethylisatin-S-n-butylisothiosemicarbazone TONEW and 
TONEW (1974) found that these compounds inhibited uridine transport in unin
fected FL cells (Sect. E.V). If a nucleotide pool was established in FL cells by al
lowing uptake of tritiated uridine to occur at 16°C for 1 h prior to drug addition, 
incorporation of radioactivity into RNA proceeded normally for a period long 
enough to follow viral synthesis. Using this technique with Mengo virus-infected 
cells, along with actinomycin D treatment to unmask virus-specific RNA, they 
found that the isothiosemicarbazones prevented viral RNA synthesis. These inves
tigators then examined Mengo virus-specific RNA-dependent RNA polymerase 
activity in FL cells as well as in a cell-free system. No polymerase activity was de
tected in infected cells treated with these compounds. In the in vitro cell-free poly
merase assay (ToNEw et al. 1974a), working concentrations of the drugs inhibited 
uridine 14C triphosphate incorporation into acid-precipitable material by 50%. 
Furthermore, UV absorption maxima of these compounds at 360 nm were unaf
fected by addition of nucleic acids, but showed enhanced optical densities and 
slight shifts toward red in the presence of protein. TONEw et al. (1974a) felt that 
these results excluded the possibility that the compounds were inhibitory because 
they bound to nucleic acids, but rather that complexes of enzyme components and 
isothiosemicarbazones were involved in the inhibition of RNA polymerase. 

VI. Thiazole Thiosemicarbazones 

All mode of action studies have been carried out with 3-methyl-4-bromo-5-formy
lisothiazole-TSC, one of two thiosemicarbazones to reach clinical trials (Sect. H). 
Like IBT (Sect. F.I1I), it protected mice against lethal infection with vaccinia virus, 
even though fully infectious virus could be recovered from the brains of treated 
mice - the difference in titers between control and treated mice being over 2 log 
units (RAo et al. 1965). SQUIRES and McFADZEAN (1966) summarized evidence 
(without presenting experimental data) that led them to suggest the possible in
volvement of an interfering substance induced by the drug-virus combination. 
This hypothesis was based on four observations. (1) Mouse brain suspensions were 
prepared from three groups: one treated with drug alone, one infected with vac
cinia alone, and one receiving both virus and drug. The suspensions were clarified 
by centrifugation sufficient to pellet virus, and the supernatants were injected in
tradermally into mice. Dermal vaccinia was then scarified over the injection site. 
The virus "took" over the sites injected with material from the first two prepara-
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tions, but not over the site from the third (combination) preparation. (2,3) SQUIRES 
and McFADZEAN (1966) assumed that the interfering substance in their brain ho
mogenates might be interferon. Since it had been reported that either steroids or 
high oxygen tension were generally considered to reduce interferon synthesis 
SQUIRES and McF ADZEAN determined what effect they would have on the efficacy 
of isothiazole-TSC. Both cortisone treatment and increased partial pressure of 
oxygen virtually eliminated the protective activity of the drug. Concurrent research 
by LmBERMAN et al. (1966) showed that cortisone had no effect on the antipox ac
tivity of EIBT. (4) They had shown previously that the isothiazole-TSC was com
pletely inactive in mice infected with the RNA-containing encephalomyocarditis 
(EMC) virus. Yet isothiazole-TSC-treated mice which survived an otherwise lethal 
vaccinia virus infection were more resistant to challenge with EMC virus than the 
controls. Critical experiments to prove or disprove the interferon hypothesis were 
not performed. Since the hallmark of interferon production in virus-infected ani
mals is a marked reduction or elimination of virus, a 1 log unit reduction in brain 
virus (if the isothiazoles act like the IBTs, see Sect. H.Il) does not support the hy
pothesis. Parenthetically, interferon could not be detected in the brains of vaccinia
infected mice treated with the Nl-ethyl derivative of IBT, but was present in the 
absence of drug (POLLIKOFF et al. 1965). 

Using tissue culture ApPLEYARD et al. (1965) investigated the mode of action 
of 3-methyl-4-bromo-5-formylisothiazole-TSC at the same time they investigated 
IBT. Using techniques described in detail in Sect. F.III, they showed its action to 
be similar to that of IBT in all respects that were tested. The compound prevented 
formation of the same viral antigens as did IBT; it did not interfere with viral DNA 
synthesis; and it inhibited virus growth to the same extent as IBT in several cell 
lines. Another indication that the mode of action of both types of compounds 
might be similar was the finding that IBT-resistant mutants of vaccinia virus were 
almost as refractory to the isothiazole-TSC (ApPLEYARD and WAY 1966). 

VII. Pyrrolidine and Pyrazolone Thiosemicarbazones 

No mode of action studies have been reported for these compounds. 

VIII. Noncyclic Thiosemicarbazones 

LEVINSON et al. (1977 a) found that kethoxal-bis-thiosemicarbazone (KTS, Fig. 20) 
inhibited the replication of vesicular stomatitis virus (VSV). VSV is a negative
stranded RNA virus, that is its genome has none of the hallmarks of an mRNA 
[3'-poly (A) sequences and a capped 5' end, see Sect. F.III]. Five capped, poly (A)
containing RNA species which anneal to virion RNA can be resolved in infected 
cells. In a cell-free system, these mRNAs can direct the synthesis of each of the five 
proteins (L, G, N, NS, and M) which make up the intact virus particle. The enzyme 
responsible for transcribing the mRNAs is contained within the virion. This tran
scriptase is easily demonstrated in vitro. Unlike the results with IBTs and Rous sar
coma virus (Sect. F.IlI), KTS had no effect on the VSV polymerase. However, us
ing labeling and polyacrylamide gel electrophoretic conditions that would differ
entiate three of the VSV mRNAs, LEVINSON et al. (1977 a) found that KTS would 
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completely inhibit their synthesis. The synthesis of all classes of protein was also 
inhibited. Pretreatment with the drug had no inactivating effect on the virus itself 
but rather enhanced subsequent virus replication. Since the chelating agent EDT A 
would produce the same effect it was felt that KTS was removing a toxic heavy 
metal cation. KTS has also been shown to inhibit the transforming activity and re
verse transcriptase activity of Rous sarcoma virus (KASKA et al. 1978). On the basis 
of studies with Rous sarcoma virus and other thiosemicarbazones (Sect. F.I1I), it 
may be that KTS inhibits template rather than enzyme function. 

IX. Miscellaneous Thiosemicarbazones 

y-Thiochromanone-l-thiosemicarbazone (TCT, Fig. 21) was shown to inhibit vac
cinia virus replication beyond the adsorption-penetration-uncoating stage be
cause it could be effectively added to chick embryo cell cultures up to 8 h after in
fection (TSUNODA et al. 1971). KATZ et al. (1975) using techniques developed in 
studies on the mode of action of IBT against vaccinia virus in HeLa cells (Sect. 
F.III) found that TCT did not inhibit the replication of vaccinia DNA. However, 
as shown by prolonged sensitivity to deoxyribonuclease, it was not incorporated 
into maturing virions. Although both early and late viral proteins were produced 
in cells treated with TCT, the cleavage of a later precursor peptide (P4a) into the 
structural peptide 4 a (Sect. F . III) was largely inhibited. In biochemical terms, not 
only were the modes of action of TCT and IBT similar, but there was also good 
cross-resistance between mutants that had been isolated which were capable of 
growing in the presence of one drug or the other. 

G. Animal Studies 

The distribution and metabolism of thiosemicarbazones with antitumor activity 
have been extensively investigated (AGRAWAL and SARTORELLI 1978). However, as 
they relate to antiviral studies, the thiosemicarbazones have received little or no at
tention with regard to metabolic transformations of the compounds, adsorption 
from various sites of administration, pharmokinetics, or pharmodynamics. The 
main emphasis here will be to review the evidence that indicates the potent immu
nosuppressive nature ofthiosemicarbazones. This is stressed since it is now known 
that the intensive meningitis produced in mice after intracerebral inoculation of 
vaccinia or ectromelia virus is mediated by T -cells. Thus, the thiosemicarbazones 
may act (at least in mice) as a two-edged sword, inhibiting both target cells by sup
pressing virus synthesis and effector cells by blocking lymphocyte proliferation. 

I. Aryl Thiosemicarbazones 

In the early work on benzaldehyde thiosemicarbazones (Fig. 1), it was noted that 
the concentrations of this compound in the diet, necessary to spare mice from 
otherwise lethal intracerebral injection with vaccinia virus, would prevent their 
normal increase in weight (THOMPSON et al. 1953 b). If we assume that toxic sub
stances are especially effective against rapidly dividing cells (as is the case in cancer 
chemotherapy), then the thiosemicarbazone could have altered lymphocytes that 
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were proliferating in response to stimulation by the virus. Since the virus titers in 
the brains of these spared mice were not consistently lower than those in untreated 
mice (MINTON et al. 1953), and since the inflammatory response in the meninges 
is T-cell-mediated (see Sect. G.III), it is conceivable that sparing was due to immu
nosuppressive and not antiviral activity of the compound. 

II. Quinoline, Pyridine, and Thiophene Thiosemicarbazones 

MINTON et al. (1953) found that, when 5-bromothiophene-2-formylthiosemicarba
zone was introduced into their diet, mice could be spared from otherwise lethal in
tracerebral injection with vaccinia virus. Yet the virus titers in the brains of these 
mice were not consistently lower than in those of the untreated group. The same 
observations were also noted with 4-formylquinoline-TSC (Fig. 5). These workers 
(THOMPSON et al. 1953 b) also noted that each compound in a series of 5- or 3-sub
stituted thiophene-2-formylthiosemicarbazones was quite toxic when given par
enterally. As discussed in Sect. G.I and in the next paragraph, these mice may have 
survived the virus infection, not so much by the antiviral properties of the com
pounds, but by their ability to compromise the immunologic reaction to the infec
tion. 

Using 5-cyanothiophene-2-formylthiosemicarbazone (Fig. 7) at twice the dose 
(76 mg/kg) necessary to protect 100% of mice receiving 103 LDso vaccinia virus 
(BORYSIEWICZ and TADEUSIEWICZ 1976), ZGORNIAK-NoWOSIELSKA et al. (1978) in
vestigated the compound's ability to suppress both humoral and cell-mediated re
sponses. The humoral response was measured by injecting compound subcutane
ously into three inbred strains of mice in a schedule identical to that used in 
antiviral studies: twice a day for 4 days beginning immediately after antigen injec
tion - in this case sheep red blood cells (SRBC). On day 5, lymphoid cells were re
moved and the number producing IgM immunoglobulins against SRBCs was de
termined by the in vitro "direct" Jerne hemolytic plaque assay. Although minor 
differences were found, there was about a 50% reduction in plaque numbers in 
relation to the control groups in all three strains of mice receiving the compound. 
This decreased primary immune response was also reflected by the numbers of 
IgG-producing cells (most immunogens elicit detectable antibodies of the IgM 
class before those of the IgG class) as measured by the "indirect" Jerne SRBC-he
moly tic plaque assay. The effect of the compound on the secondary immune re
sponse was determined by reinjecting SRBCs into previously drug-treated mice on 
day 9 and removing lymphocytes on day 13. Again the number ofIgM-producing 
cells detected by the Jerne assay was about 55% below that of the control group. 
The cell-mediated immune response in mice was assessed by allergic contact der
matitis to 2-phenyl-4-ethoxymethyleneoxazolone (oxazolone). The schedule of ad
ministration of the thiosemicarbazone to mice was the same as that used in the hu
moral response studies. The thickness of the ear was measured before and 24 h af
ter painting with oxazolone (on day 7). Up to a 70% decrease in swelling was noted 
in mice treated with the thiosemicarbazone. In earlier studies BORYSIEWICZ and 
TADEUSIEWICZ (1976) noted that the relative activity of 5-cyanothiophene-2-
thiosemicarbazone, as measured by survival time of infected mice, decreased above 
20 mg/kg body weight. 
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DI. Isatin-p-Thiosemicarbazones 

The initial quantitative studies on the ability of thiosemicarbazones to inhibit the 
immune response in mice were carried out by McNEILL (1972, 1973) and McNEILL 
et al. (1972). The humoral response to sheep red blood cells (see Sect. G.II for de
tails of the assay procedure) was measured 5-7 days after a single injection of cells 
and daily injection of 1 mg/kg body weight ofMIBT (Fig. 8). McNEILL et al. (1972) 
found that the number of IgM-producing lymphocytes was reduced almost 5-fold 
compared with the number found in drug-free mice. There was almost a 20-fold 
difference when the number of IgG-producing cells was determined. In line with 
these observations, the amount of circulating antibody against SRBCs 5 days after 
beginning the drug treatment was 15-fold lower than in the control group of mice. 
Since antibody-secreting cells are derived from the bone marrow, McNEILL et al. 
(1972) next determined that the total number of cells which could be flushed from 
femurs was the same whether or not mice had received six daily injections ofMIBT. 
They also established the number of cells in these preparations capable of forming 
colonies in a semisolid suspension cell assay. Again, very little numerical difference 
was seen in these cells which are generally regarded as specific progenitors of 
granulocytes and macrophages. However, using colony forming cells from the 
spleen, a marked decrease was noted in the drug-treated group. NcNEILL (1972) 
went on to show that MIBT added directly to the semisolid suspension cell assay 
would inhibit development of colony formation. Although MIBT reduced the 
number of colonies, it did not affect the size of the colonies that did develop. He 
felt that this indicated a selective mode of action of the drug, although there was 
no change in the relative frequency of granulocyte and macrophage colonies. 
McNEILL (1973) extended these studies on colony inhibition, using 25 derivatives 
of IBT (see Sect. G.IV). He found that EIBT was as effective as MIBT but that 
azo and iodo substituents on the aromatic ring substantially reduced activity (a 
finding parallel to the compounds ability to spare mice after vaccinia infection, 
Sect. C.III). 

NcNEILL et al. (1972) questioned if the ability ofMIBT to compromise the im
mune system might playa role in its antipoxvirus activity. The poxvirus chosen for 
study was ectromelia because the bone marrow (and later the spleen) can become 
heavily infected with virus; and MIBT does not spare mice from the infection 
(BAUER and SADLER 1961). They assumed that the latter result meant that the drug 
had no effect on virus replication and would make explanation of the results less 
complicated. However, interpretation of the experiment was not clear since low 
concentrations of drug (0.5 mg/kg) had no effect on the death rate in ectromelia
infected mice (33 %) while a higher dose (2 mg/kg) increased mortality somewhat 
(50%). Using experimental protocols and obtaining results almost identical to 
those found when studying 5-cyanothiophene-2-formylthiosemicarbazone (Sect. 
G.II), it was established that MIBT inhibited both the B-cell and T-cell response 
(BORYSIEWICZ et al. 1977; ZGORNIAK-NowOSIELSKA et al. 1978). The B-cell, or hu
moral response, was measured in the same way as reported by McNEILL et al. 
(1972) except that mice received 20 mg kg- 1 day-l MIBT after a single injection 
of SRBCs. The T-cell, or cell-mediated response was measured by the degree of al
lergic contact dermatitis provoked by oxazolone, using the same regimen of drug 
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administration as previously described. Both ectromelia and vaccinia virus multi
ply in the meninges and ependyma of mice after intracerebral inoculation. Men
ingitis is characterized by perivascular cuffing and marked infiltration of mononu
clear cells (the category of cells including the B- and T-Iymphocytes, monocytes, 
and macrophages). HAPEL and GARDNER (1974) demonstrated that the severity of 
meningitis in mice infected with ectromelia coincided with the number of cells in 
the cerebrospinal fluid (CSF) capable of destroying ectromelia-infected tissue cul
ture cells labeled with SlCr. These CSF cells with cytolytic activity were shown to 
be T -lymphocytes because they possessed a surface antigen (8) not found on B-cells 
or macrophages. The critical role of these T-cells in disease was further substanti
ated by treatment of ectromelia-infected mice with anti thymocyte serum (the thy
mus being the site of T-cell differentiation). There was a marked reduction of T
cells in the CSF after treatment, and the normal 35% mortality was reduced to 
zero. Essentially the same conclusions were reached by MORISHIMA and HAYASHI 
(1978) while studying vaccinia meningitis. Their study was even more persuasive 
than HAPEL and GARDNER'S since cytotoxic T-cells (measured in a SlCr release as
say using vaccinia-infected tissue culture cells as targets) were obtained directly 
from the meninges. 

HERRLICH et al. (1965) noted that, like benzaldehyde-TSC and 4-formylquino
line-TSC (THOMPSON et al. 1953 b), MIBT did not prevent lesion formation in rab
bits after intradermal inoculation of vaccinia virus. Drug was given twice a day, 
by intubation, for 10 days at concentrations up to 300 mg kg- 1 day-l (the acute 
oral LDso ofMIBT in rabbits is in excess of2,000 mg/kg; BAUER 1977). They noted 
that above 100 mg/kg the weight of the rabbits after 10 days was 20%-30% lower 
than the control animals. Also, above 100 mg/kg the hemagglutination antibody 
titer against the virus was as much as 15-fold lower than in drug-free animals. 
KACKELL et al. (1966) confirmed the lack of activity of MIBT against intradermal 
vaccinia virus except if the drug was injected at the site of vaccination. Giving 
MIBT by intubation for 6 days at 100 mg kg- 1 day-l, they measured the antibody 
response to the virus at the end of the second week of infection (during an initial 
5-day observation period the rabbits were viremic). They found that the vaccinia 
hemagglutination antibody titer was reduced 20-fold while the neutralizing anti
body titer was lowered 8-fold. 

There are other examples, beside the response to poxviruses, where MIBT may 
influence the disease process by altering the immune response to the infection. The 
natural history of the Fl hybrid of New Zealand Black and New Zealand White 
mice is characterized by the appearance of serum antinuclear antibodies, and the 
development of proteinurea and fatal glomerulonephritis. This renal disease is be
lieved to be caused by the deposition of antibody-antigen-complement complexes 
in the glomeruli. GABRIEL (1971) found that such mice, if given MIBT (100 mg/kg 
by weekly injections, starting within 24 h after birth and continuing for the rest of 
their lives), would develop this autoimmune disease much more slowly than the 
control group. For example, at 10 months 75% of the control group had died while 
only 25% of the drug-treated mice had expired. While studying the ability ofMIBT 
to inactivate on contact both the transforming ability and RNA-dependent DNA 
polymerase of murine leukemia virus (Sects. D.IlI, F.IlI), LEVY et al. (1976) found 
that MIBT enhanced rather than inhibited development ofleukemia in the mouse. 
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They found that, 17 days after injection with Friend (leukemia) virus, the spleens 
ofMIBT-treated mice weighed almost twice as much as those from mice receiving 
virus alone. Since the Friend virus preferentially replicates in B-cells, one wonders 
if the increased weight of the spleen was due to an increasing number of B-cells 
which might occur if the drug selectively destroyed T-cells (an overabundance of 
B-cells is seen in some children with thymic hypoplasia); or an increased suscepti
bility of B-cells to the infection. 

Since LEVINSON and his collaegues had shown that MIBT (in the presence of 
diavalent copper) was able to change the physical configuration of nucleic acids 
(Sect. F.III), possibly accounting for the biologic activity of the drug, they decided 
to determine if adenyl cyclase which utilizes adenosine triphosphate to form cyclic 
adenosine monophosphate (cAMP) was also inhibited. Their initial approach was 
to establish the amount of cAMP in human peripheral blood lymphocytes after in
cubation in the presence of drug (WEBB et al. 1974). Since the level of cAMP in
creased significantly after exposure to MIBT, they questioned if this was due to in
creased adenyl cyclase or a decrease in the specific phosphodiesterase which hy
drolyzes cAMP to AMP. They found that MIBT blocked phosphodiesterase activ
ity. Since changes in cAMP levels in lymphocytes had previously been shown to 
influence the immune response, WEBB et al. (1974) felt that the possibility existed 
that MIBT might suppress the host's natural defenses. 

Little has been published on the pharmacology and toxicology of MIBT. The 
acute oral LDso of MIBT in mice and rats is in excess of 2,000 mg/kg (BAUER 
1977). MIBT is poorly absorbed from the gastrointestinal tract. The extent of ad
sorption is greatly influenced by particle size. When given to rats in the form of 
a suspension in sucrose syrup of 311m diameter particles, between 40% and 50% 
ofthe dose can be recovered in the feces. With 100 11m particles the recovery is near 
80% (AxON 1972). The highest nonlethal dose of MIBT when given subcutane
ously or intraperitoneally in mice is 2,000 mg/kg body weight and 235 mg/kg, re
spectively. The highest nonlethal doses of the derivative, N,N' -bis-(P-thiosemicar
bazone-methylisatin)-2-methylpiperazine, when given subcutaneously and intra
peritoneally in mice are 2,000 mg/kg and 475 mg/kg, respectively (BORYSIEWICZ 
and WITALINSKI 1979). In chronic toxicity studies in which rhesus monkeys were 
given 250 mg/kg daily by mouth for 1 month there was some evidence ofliver dam
age, but the liver was unaffected at the end of similar treatment in rats and dogs 
(BAUER 1977). 

Methisazone has an embryo toxic effect in very high doses. In mated rats given 
2,000 mg/kg daily by mouth for 12 days, there were no implantations in the major
ity of cases, and animals treated later in pregnancy showed an increase in re
sorptions in comparison to untreated controls. Similar effects were found in rab
bits and fetal malformations were occasionally produced (BAUER 1977). 

The duration of sleep after administration of sodium pentobarbital is greatly 
prolonged in mice given 25 mg/kg MIBT, probably owing to competition for de
toxifying systems in the liver. In rats with unrestricted access to food and water, 
the stomach emptying time is greatly prolonged by the oral administration of 
500 mg/kg MIBT. The delay in emptying in fasted rats was much less, indicating 
that methisazone should be given on an empty stomach (BAUER 1977). 
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IV. Isatin-p-4' ,4'-Dialkylthiosemicarbazones 

When studying the ability of MIBT to inhibit the immunologic response of the 
mouse to sheep red blood cells McNEILL also found that granulocyte-macrophage 
colony formation in vitro could be prevented (Sect. G.III). This drug and a series 
of 4',4'-dialkylthiosemicarbazones would inhibit when added directly to cells 
flushed from bone marrow prior to use in a semisolid suspension cell assay. The 
dialkylthiosemicarbazones could be divided into three groups, depending on the 
concentration range necessary to prevent 50% of the colonies from forming. The 
concentration of MIBT required for this degree of inhibition was 3 Ilg/ml, whereas 
4',4'-morpholino or 4',4'-tetramethylene substituents in the side chain when associ
ated with N1-ethyl or N1-methyl substitutions on isatin were very active (less than 
0.5 Ilg/ml required for 50% colony inhibition). Seven other dialkyl-TSC side chain 
substituents (dimethyl, diethyl, pentamethylene, hexamethylene, 3-oxopenta
methylene, 2-methylpentamethylene, and diallyl) with the same isatin substitutions 
gave 50% inhibition of colony formation in the 0.7-1.0 Ilg/ml range. Methoxy sub
stitutions at the 5 position of the aromatic ring (Fig. 8) resulted in compounds of 
intermediate activity (1.0-5.0 Ilg/ml), while azo or iodo substitutions at the 5 or 7 
positions yielded compounds of very low activity (greater than 20 Ilg/ml being 
required). The immunologic implications of these findings are discussed in Sect. 
G.III. 

V. Isatin-p-Isothiosemicarbazones 

Using N l-ethylisatin-S-n-butylisothiosemicarbazone (Fig. 13) at 150 mg/kg body 
weight (a concentration that would spare 50% of mice infected with 103 LDso vac
cinia virus) ZGORNIAK-NOWOSIELSKA et al. (1978) investigated the compound's 
ability to suppress both humoral and cell-mediated responses in the mouse. The 
humoral, or B-cell response, was measured exactly as described in Sect. G.II. The 
primary response to sheep red blood cells was reduced by 30%-60% depending on 
the strain of mouse used in the experiment. The secondary response to the red 
blood cells, as measured in BALB/c mice was reduced by 60% (twice as much as 
after the initial injection of cells). The cell-mediated, or T-cell response was mea
sured by the degree of allergic contact dermatitis provoked by oxazolone (Sect. 
G.II). There was no indication that the compound diminished the cellular re
sponse. 

VI. Thiazole Thiosemicarbazones 

3-Methyl-4-bromo-5-formylisothiazole-TSC (Fig. 14) has been the only compound 
in this series to receive attention concerning its effect on bodily functions. Chronic 
toxicity was evaluated in rats and monkeys which were given the drug by mouth 
in daily doses of 250-1,000 mg/kg (5-20 times the human dose) for 3 months. The 
lower dose schedule had no deleterious effect on the animals (RAO et al. 1965). In 
rats, there was no evidence of liver or kidney dysfunction at the higher dose 
schedule, but there was some toxic suppression of bone marrow (see Sects. 
G.III, IV) and testicular damage (BAUER 1972). In monkeys, there was no kidney 
dysfunction, but there was some fatty change in the liver and moderate testicular 
atrophy (RAO et al. 1965; BAUER 1972). 
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H. Clinical Studies 

On the basis of studies with mice and rabbits infected with various poxviruses, two 
of the thiosemicarbazones, N1-methylisatin-p-thiosemicarbazone and 3-methyl-4-
bromo-5-formylisothiazole thiosemicarbazone reached clinical trials. I will not de
scribe them in any great detail and the interested reader should consult the concise 
and comprehensive discussions of this subject by BAUER (1972, 1977). Even though 
these trials are an important part of the history of antiviral chemotherapy, the suc
cess of the World Health Organization's campaign for the eradication of smallpox 
has resulted in a virtual disappearance of indications for treating poxvirus infec
tions of humans (ARITA and BREMAN 1979). However, the thiosemicarbazone's 
potential efficacy against poxvirus infections should not be forgotten, especially in 
the case of isolated laboratory outbreaks or germ warfare. In this vein, studies on 
thiosemicarbazone-resistant poxvirus mutants will be described. Six features ofthe 
virus have made the eradication of smallpox possible (FENNER 1979): (a) the disease 
was severe enough to warrant quarantine precautions; (b) there was a safe and ef
fective vaccine; (c) the virus did not cause persistent disease or recurrent infection 
in humans; (d) there appeared to be no animal reservoirs; (e) subclinical but infec
tious cases did not occur, and cases were not infectious (or rarely so) before erup
tion occurred, thus making isolation of cases an important part of control; and (f) 
there were no major barriers of eradication, either social (as with venereal diseases) 
or financial (as with tuberculosis). 

I. N I-Methylisatin-p-Thiosemicarbazone 

As in the laboratory animal studies (Sect. D.III), human infections, other than with 
poxviruses, have not been convincingly shown to respond to MIBT (HUTFmLD and 
CSONKA 1964; SANDEMAN 1966). If given in the proper dosage schedule, MIBT ap
pears to have definite merit in the prophylaxis of smallpox and alastrim, and un
questionable value in the complications of vaccination. 

Smallpox occurs in two clinical variants, variola major and variola minor or 
alastrim. Variola major is typically a very severe illness with a mortality around 
30%, although its course may be greatly modified by previous vaccination. Alas
trim used to occur in South America, mainly in Brazil, and was a much milder ill
ness with a mortality of 0.5%. The initial site of multiplication of the virus after 
entry is not known, but is probably somewhere in the respiratory tract. After an 
incubation period of about 12 days the virus escapes into the bloodstream, and fur
ther cycles of multiplication take place in the dermis and also in the internal organs. 
The viremic phase is associated with severe prodromal illness with extreme back
ache, headache, and prostration. The severity of the clinical course is directly re
lated to the amount of virus liberated into the bloodstream during viremia, and al
so to the degree of preexisting immunity (BAUER 1977). Because MIBT has been 
found to lower the attack rate 25-fold among household contacts (a contact being 
an individual exposed to a person with clinical smallpox and thus likely to become 
infected) during a smallpox epidemic, and 8-fold among contacts during an alas
trim epidemic, it is assumed that the drug arrests virus multiplication during the 
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12-day incubation period (BAUER 1977). MIBT has not proven effective in the 
treatment of clinical smallpox (BAUER 1965, 1972, 1977). Since people admitted to 
the hospital with characteristic lesions of smallpox are in the late stage of disease 
(the lesions usually erupt simultaneously over the entire body, in distinction to 
chickenpox, which shows multiple crops of lesions), it is too late for the drug to 
prevent spread of the infection to target organs. The main side effect of MIBT ad
ministration is vomiting, usually occurring almost immediately or 4-6 h later 
(BAUER 1965). This disconcerting side effect has been repeatedly observed (LANDS
MAN and GRIST 1964; HUTFIELD and CSONKA 1964; BAUER 1972, 1977). The per
centage of patients in which this occurred varied from approximately 20% to as 
high as 100%. The effect of the drug on the prophylaxis of smallpox appears to 
be inversely related to the percentage of people vomiting and thus losing the drug. 
For adults, 6 g/day MIBT for 4 days has proven prophylactic activity, but it must 
not be administered in a single daily dose. The best schedule is every 3-4 h but twice 
a day will also be effective (BAUER 1972). 

The efficacy ofMIBT in the complications of vaccination have been repeatedly 
confirmed (BAUER 1965, 1977; McLEAN 1977). The virus used for vaccination is al
ways vaccinia. Its origin is uncertain: it may have derived from Jenner's original 
strain of cowpox virus or it may have evolved from recombination between cow
pox and smallpox. Its importance lies in the fact that intradermal inoculation of 
it into humans produces a localized infection in the skin followed by the develop
ment of antibodies capable of neutralizing related poxviruses, including smallpox. 

If persons suffering from eczema are vaccinated against smallpox, the infection 
may not remain confined to the site of inoculation, but may spread to involve the 
eczematous areas and other parts of the body, producing a generalized eruption 
resembling smallpox in many ways. This condition known as eczema vaccinatum 
may be fatal in the absence of treatment. It commonly occurs in infants with in
fantile eczema. Vaccination is usually witheld in such cases. The recommended 
course of treatment is an initial loading dose of 200 mg/kg, followed by 50 mg/kg 
at 6-h intervals to a total dose of 600 mg/kg. 

In primary smallpox vaccination, the course of infection is brought to a halt 
by humoral and cell-mediated immunity. In certain cases these mechanisms may 
be impaired or absent, as in congenital agammaglobulinemia and hypogammaglo
bulinemia, and in patients undergoing immunosuppressive treatment. In such 
cases the lesion fails to heal and undergoes indefinite enlargement. Metastatic 
lesions arise as a result of viremia and can occur in almost any organ of the body. 
The condition is known as vaccinia gangrenosa, and is invariably fatal in the ab
sence of treatment with antivaccinial gamma globulin or MIBT. The recommended 
drug dosage schedule is the same as for eczema vaccinatum. The course may be re
peated as necessary after an interval of 7 days. It appears that patients who can 
be cured are those having a single immunologic defect. In patients with multiple 
defects treatment is ineffective. 

ApPLEYARD and WAY (1966) were the first to show that IBT-resistant pox
viruses could arise in both IBT-treated tissue culture and mice. Mice (20 g body 
weight) were injected intranasally with 107 plaque forming units (Pfu) rabbitpox 
virus. At the first pass the mice received 0.5 mg MIBT twice a day for 4 days; at 
the second pass 1 mg MIBT was injected daily for 4 days; and at the third pass 
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treatment was 1 mg of MIBT for only two days. After each pass virus obtained 
from the lungs of one mouse was grown in He La cells to produce a suspension with 
sufficient titer to be used for the next passage. Plaque reduction tests were then car
ried out in HeLa cells using an IBT-containing agar overlay and virus obtained 
from mouse lungs at the various passage levels. A gradual resistance to IBT devel
oped with each successive passage. Furthermore, the virus had lost its sensitivity 
to MIBT when tested in mice. The virus was also passed 16 times in HeLa cells in 
the presence of IBT. The concentration of drug in the medium for the first five 
passages was 0.05-0.1 Ilg/ml, but it was gradually raised to 20 Ilg/ml at the tenth 
and subsequent passages. Again, a plaque reduction test was used to assess resis
tance. About 100 pfuwere used to infect HeLa cells monolayers with the agar over
lays containing up to 10 Ilg/ml IBT. The passaged virus become increasingly resis
tant to IBT, until about the tenth passage, after which there was no significant 
change (plaque numbers were almost identical with or without 10 Ilg/ml IBT in the 
overlay). 

GHENDON and CHERNOS (1972) confirmed the tissue culture observations of Ap
PLEYARD and WAY (1966) and extended them to include vaccinia virus. Chick em
bryo fibroblast cells were used, with the viruses being passed eight times in concen
trations of MIBT increasing gradually from 0.2 to 1.0 Ilg/ml. Resistance to the 
drug was measured by a plaque reduction test or the yields of virus 24 h after in
fection in a liquid medium. Using virus passed in the presence of drug, no differ
ence in virus yields were noted in either test using 1 Ilg/ml MIBT. The mutants ap
peared to be stable and retain resistance after a number of passages without the 
inhibitor. Furthermore, treatment with antiserum against vaccinia virus was 
shown to reduce the titer of both the original strains and the resulting inhibitor
resistant mutants to the same extent. 

Further studies by KATZ et al. (1973 d) not only led to the isolation ofIBT-re
sistant mutants, but also to mutants dependent on IBT for their replication. Vac
cinia-infected chick embryo cells were treated with the mutagen, iododeoxyuridine 
(5 Ilg/ml) and IBT (14 11M). The culture was harvested 48 h later and used for in
fection of new cultures in the presence of IBT alone. Virus from one of these cul
tures was titrated using a plaque assay containing IBT. Well-separated plaques 
were excised and grown into stocks in the presence of IBT. One of these stocks 
formed plaques only in the presence ofIBT (the IBT-dependent mutant) while an
other formed plaques both in the presence and absence of the drug (IBT -resistant 
mutant). The sedimentation rates of the three strains [wild-type (WT), IBT-depen
dent, and IBT-resistant] were the same, as was their neutralization by WT 
antiserum (KATZ et al. 1973 c). The polypeptide analysis of all three strains showed 
a few minor differences in the relative amounts of several polypeptides. The IBT
resistant mutant appeared to lack one of the peptides, designated 6 b (Sect. F.III). 
The IBT-dependent mutant was found to be able to grow in the absence of IBT 
during mixed infection with WT or IBT-resistant viruses (KATZ et al. 1973c). 
Mode of action studies (KATZ et al. 1973 a) showed that the IBT-dependent mutant 
was blocked in its replication cycle in the absence of IBT at the same place the WT 
was blocked in its presence (Sect. F.III). KATZ (1979) has recently summarized his 
studies on these IBT-sensitive, IBT-resistant, and IBT-dependent strains of vac
cinia virus. 
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n. 3-Methyl-4-Bromo-5-Formylisothiazole Thiosemicarbazone 

This isothiazole was very effective in preventing death of smallpox-infected mice. 
Unlike MIBT, it would also spare rabbits infected with rabbitpox virus (RAo et al. 
1965). It was then assessed in the treatment of smallpox in humans using a con
trolled double-blind trial in Madras, India (RAo et al. 1966a). The total number 
of patients admitted to the trial was 1293, 601 receiving a placebo and 692 being 
treated with the drug. The usual treatment was 6 g every 6 h for 10 days. The mor
tality rates in these two groups were 23.3% (140 deaths) and 22.4% (155 deaths), 
respectively. Marks of previous vaccination were seen on 478 patients; 218 of these 
received the placebo and eight died (3.7%) and the remaining 260 received the 
drug, of whom 5 died (1.9%). The mortality rates among the 815 patients who had 
not been previously vaccinated were 132 of 383 (34.5%) given placebo and 150 of 
432 (34.7%) given the drug. The differences in the figures were not significant. 
Some slight differences in favor of the drug were seen in analysis of the mean num
ber of febrile days, the time of scabbing, and the virus content of the scabs, but the 
differences were not significant. The isothiazole was also assessed in the prophy
laxis of contacts - contacts being persons associated with a patient who develops 
smallpox and who thus run a risk of acquiring the infection and developing the dis
ease. The persons treated were all family contacts of smallpox patients and the trial 
was restricted to those contacts who had not been previously vaccinated (RAo et 
al. 1966b). The drug was given to 196 contacts while 201 received the placebo. In 
the drug-treated group there were 40 cases of smallpox (20.4%) with 7 deaths 
(17.5% of the cases). In the placebo group there were 60 cases (29.9%) with 12 
deaths (20% of the cases). The mortality rates were not significantly different. As 
with the MIBT trials the drug was not well tolerated. Vomiting, reported in 75% 
of the patients, was the major side effect. This loss of drug could have accounted 
for the lack of chemoprophylactic activity. 

IBT-resistant mutants (Sect. H.I) were found to be almost as resistant in tissue 
culture to 3-methyl-4-bromo-5-formylisothiazole as to IBT itself (ApPLEYARD and 
WAY 1966), thus suggesting a similar mode of action of the two compounds (Sect. 
F.VI). 

J. Perspectives 

Of all the antiviral agents discovered in the last two decades, the thiosemicarba
zones are certainly one of the most interesting groups of compounds. The thiosemi
carbazones have been shown to inhibit the replication of poxviruses in both tissue 
culture and animal studies. Furthermore, one of these compounds, N1-methyl
isatin-p-thiosemicarbazone (MIBT) has been successfully used in the prophylaxis 
of smallpox in humans. Even though interest in the clinical application of MIBT 
has disappeared as the worldwide incidence of smallpox has decreased to an un
detectable level, the potential value of thiosemicarbazones in medical virology re
mains high. The isatin-p-thiosemicarbazones in the presence of divalent cations of 
the first transition series metals (copper being the most effective) can inactivate on 
contact virtually any type of mature virus particle. With the exception of inter
feron, no selective, defined substance has such broad antiviral properties. The abil-
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ity of thiosemicarbazones to inhibit only the poxviruses at an intracellular stage in 
their morphogenesis may be attributed to the claims that poxviruses contain cop
per. Divalent copper, as well as other first transition series metals, complexed with 
various thiosemicarbazones can change the physical configuration of nucleic acids 
and interfere with their template function. With the use of ionophores copper
thiosemicarbazone complexes within the cell might be able selectively to prevent 
virus synthesis resulting from infection with fully functional virus. Furthermore, 
if copper-thiosemicarbazone complexes selectively contact inactivate mature 
virions by interfering with genome function alone, the way may be open to the rap
id production of potent inactivated vaccines. 
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