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DF SMEE, HB COTTAM, BS SHARMA, et al. Antiviral and immunoenhancing properties of7 -thia-8-oxoguanosine 
and related guanosine analogues. Can J Infect Dis 1992;3(Suppl B):41B-48B. 7 -thia-8-oxoguanosine (TOGuo) 
is the first reported structure of a family of modified guanosine analogues exhibiting antiviral activity in rodent 
models. Its spectrum of action includes interferon-sensitive viruses such as alphaviruses. bunyaviruses, 
corona viruses, Jlaviviruses. picornaviruses and, to a lesser extent, herpesviruses. Early treatmen t before or shortly 
after virus challenge is necessary to protect animals from mortality. The protective effect ofTOG uo against Semliki 
Forest and Punta Toro viruses can be eliminated by co-treatment with antibody to alpha/ beta-interferon. 
indicating that interferon induction is of prlme importance for antiviral activity against these two viruses. 
Immunological studies indicate that the nucleoside induces alpha-interferon and activates B cells, natural killer 
cells, antibody-dependent cytotoxic cells and macrophages. TOGuo also has adjuvant activity, since its use in 
combination wilh a killed Ll210 leukemia cell vaccine greatly reduced lhe mortality of mice inoculated wilh live 
Ll210 leukemia cells compared wilh the vaccine used alone. Several related guanosine analogues show similar 
antiviral and immunoenhancing properties, including 7-methyl-8-oxoguanosine, 7-methyl-8-lhioxoguanosine 
and 7-deazaguanosine. These studies indicate that certain modifications at the 7 and 8 positions of guanosine 
may confer antiviral and immunostimulatory properties to nucleoside analogues. 
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ProprietE~s antivirales et immunostimulatrices de Ia 7-thia-oxoguanosine et autres 
analogues de Ia guanosine 

RESUME: La 7-thia-8-oxoguanoslne (TOGuo) est Ia premiere structure rapporlee d'une famille d'analogues de Ia 
guanosine modifiee qui a un elTet antiviral dans le modele souris. Son spectre d'action inclut les virus sensibles 
a !'interferon leis les alphavirus, bunyavirus, coronavirus, flavivirus, picornavirus et, a un degre moindre, 
!'herpesvirus. II est necessaire d'adminislrer le traitement rapidement avant ou apres l'inoculation du virus pour 
prevenir Ia morlalite. L'eiJet protecleur de Ia TOGuo contre les virus de Ia foret Semliki et de Punta Toro peul etre 
elimine par un traitement aux anticorps diriges contre !'interferon alpha/beta, ce qui indique que !'induction a 
!'interferon est d'imporlance prlmordiale pour l'activite antivirale dirigee contre ces deux virus. Des etudes 
immunologiques indiquent que le nucleoside declenche Ia production d'interferon alpha el active les cellules B. 
les cellules tueuses naturelles, les cellules cylotoxiques anticorps-dependanles et les macrophages. La TOGuo 
possede aussi un effet adjuvant. Utilisee en association avec un vaccin leucemique Ll2 10 inactive, elle redui t 
grandemenl la mortalite des souris chez qui on innocule des cellules Ll210 vivantes par rapport au vaccin utilise 
seul. Plusieurs analogues relies a Ia guanosine semblent dotes de proprtetes antivirales et immunostimulalrices 
similaires - Ia 7-methyl-8-lhioxoguanosine et Ia 7-dea7..aguanosine notamment. Ces etudes indiquenl que 
certaines modifications effectuees au niveau des positions 7 et8 de Ia guanosine pourraient conferer ces proprtetes 
aux analogues des nucleosides. 
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RECENT REPORTS IN THE LITERATURE SHOWED CERTAIN 

analogues of guanosine to have immunoenhancing 
properties in rodent models. In particular, 8 -sub
stituted (8-bromo and 8 -mercapto) guanosines activate 
B cells ( 1). natural killer cells (2) and macrophages (2). 
A more potent compound, 7 -methyl-8 -oxoguanosine 
(MOGuo) was later synthesized and found to be 
immunologically active (3,4). At the time the present 
authors initiated their research, none of these com
pounds had been reported to possess antiviral proper
ties in vivo. Because of the desired potency of MOGuo, 
they focused their efforts on synthesizing and testing 
guanosine analogues modified at. the 7 and 8 positions. 
The most active compound in a new series, 7-thia-8 -
oxoguanosine (TOGuo), was evaluated for antiviral ac
tivity against Semliki Forest virus infections in mice. 
When found highly active (5), it was tested further 
against a number of DNA and RNA viruses, many of 
which were sensitive to the compound's effects in ro
dents (6-9) . TOGuo has also been investigated for 
immunoenhancing properties in mice (5 ,1 0-13), and it 
exhibits properties similar to the nucleosides mention
ed above. Other analogues of guanosine were later 
identified to be potent antiviral agents, including 
MOGuo (14), 7-methyl-8-thioxoguanosine (MTGuo) 
(14), and 7-deazaguanosine (7-dzGuo) (15). This report 

TOGuo 7-dzGuo 

MOGuo MTGuo 

Figure 1) Structures of 7-thia-8 -oxoguanosine (TOGuo). 7-
deazaguanosine (7-d.zGuo), 7-methyl-8 -oxoguanosine (MOGuo) 
and 7-methyl-8 -thioxoguanosine (MTGuo) 
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reviews the antiviral and immunological effect.s of these 
agents. Some new information is provided on the effects 
of TOGuo in animal systems, including a report of the 
compound's activity as a vaccine adjuvant in an Ll210 
leukemia model in mice. 

MATERIALS AND METHODS 
Compounds: TOGuo, MOGuo, MTGuo and 7 -dzGuo 
were synthesized at. the ICN Nucleic Acid Research 
Institute by published procedures (5, 14, 16) . The struc
tures of these compounds are given in Figure 1. Each 
compound was dissolved in a solution of 2% sodium 
bicarbonate (pH 8.6 to 8.9) for animal studies or in cell 
culture medium for immunological assays. The placebo 
control for animal experiments was 2% sodium bicar
bonate. 
Virus infection models: All of the viruses used in 

animal studies were obtained from the American Type 
Culture Collection in Rockville, Maryland. The animals 
used were from Charles River Labs, Wilmington, Mas
sachusetts, except for hairless mice which were from 
Jackson Labs, Bar Harbor, Maine. Most of the animal 
infection models have been discussed in recent publi
cations (6-9) and are briefly described here. Eighteen to 
20 g Swiss Webster (SW) female mice were injected 
int.raperitoneally with 10 times 50% lethal doses of 
Banzi, encephalomyocarditis , herpes simplex type 1 or 
2 , San Angelo or Semliki Forest virus. The same proce
dure was used for Punta Taro virus using 10 to 12 g 
C57BL/6 mice. All of these viruses cause encephalitis. 
Murine cytomegalovirus was inoculated int.raperito· 
neally into 10 to 12 g female SW mice, causing disease 
of all visceral organs (particularly the liver and spleen). 
Human coronavirus was injected int.racerebrally inlo 
three- to four -day-old SW mice, resulting in en
cephalitis. Nonanesthetized three- to four-day-old Fis
cher rats were infected intranasally with rat 
coronavirus. Influenza B virus was administered in· 
t.ranasally to 10 to 12 g SW female mice. Rat corona virus 
and influenza B cause pneumonia. Friend leukemia 
virus was inoculated int.raperitoneally into 18 to 20 g 
SW female mice, resulting in splenomegaly by 21 days. 
Vesicular stomatitis virus was inoculated intranasally 
into 18 to 20 g SW female mice, causing encephalitis. 
Herpetic skin lesions were made on the backs of female 
hairless mice. Mice were first. anesthetized, the skin 
near the shoulder and leg was abraded, then virus-con· 
taining medium was applied to the wounds. 

Newly employed animal models reported here in· 

elude infection of weanling (45 to 50 g) female Syrian 
hamsters with parainfluenza virus type 3, infection of 
three- to four-day-old Lewis rats with rat parvovirus 
(hemorrhagic encephalopathy of rats virus). infection of 
newborn ( 18 h or younger) SW mice with polyoma virus, 
and infection of 18 to 20 g SW female mice with lym· 
phocytic choriomeningitis virus. The hamster model 
entailed intranasal inoculation of parainfluenza virus 
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(17). Four days later the lungs and nasal areas of each 
hamster were removed, homogenized in cell culture 
medium and titrated for virus in African green monkey 
kidney (Vero) cells. Rat parvovirus was inoculated in
lraperitoneally into infant rats (18) . This resulted in 
death due to hemorrhagic encephalopathy at six to nine 
days. Lymphocytic choriomeningitis virus was inocu
lated intracerebrally into the brains of anesthetized 
mice ( 19) which caused death of the animals in six to 
lO days. Newbom mice will develop tumours when 
inoculated with polyoma virus (20). In the present 
study, palpable tumours were evident in infected ani
mals between two and four months after virus inocula
tion. Animals were either dead or were sacrificed at that 
lime, and the numbers of tumours per animal counted. 

The following statistical methods were used to eval
uate antiviral activity: survivor increases (most models) 
and reduction in numbers of polyomavirus-induced 
tumours via Fisher exact test; decreases in Friend 
leukemia virus-induced splenomegaly via Student's t 
lest; and reductions in parainfluenza virus titres via 
Mann Whitney U test. All analyses were two-tailed. 
Animal treatment protocols: For most of the virus 
infections, treatments with guanosine analogues were 
conducted using divided daily intraperitoneal injections 
24 and 18 h prior to virus inoculation (6-9). Exceptions 
lo these regimens included the treatment of herpes 
virus infections at 48, 24 and 2 h before vi.rus challenge 
(6,7). twice-weekly treatments of polyoma virus infec
tions starling one month after virus inoculation and 
treatments of Punta Toro virus infections at 24 and 31 
h after Punta Toro virus challenge (9). The treatment 
regimens were initially selected based upon published 
antiviral studies with pyrimidinones (21) which are also 
interferon-inducing agents that were evaluated against 
herpes simplex and Semliki Forest viruses. 

Dosages ofTOGuo and 7-dzGuo used in most experi
ments were 50, 100 and 200 mg/kg given in divided 
daily doses for one day only, except in the particular 
infections indicated above. A lower dosage of 25 mg 
TOGuo/kg was found to be active against Punta Toro, 
San Angelo and Semliki Forest viruses (6, 7,9). MOGuo 
and MTGuo were evaluated at 25, 50 and 100 mg/kg; 
the 200 mg/kg dosage was not used as a compound
saving measure. The doses were selected based upon in 
vivo toxicity assays and efficacy experiments performed 
with TOGuo which was toxic (ie, caused weight loss or 
al least 10% mortality) at dosages above 300 mg/kg, 
and generally was inactive in antiviral experiments 
below 25 mg/kg. Treatment of mice with antibody to 
alpha/beta-interferon (obtained from Lee Biomole
cular, Calfornia) was performed in conjunction with 
TOGuo treatments as described in Figure 2. 

For most infections there were 10 to 12 animals per 
lreatmenl or placebo group. The polyoma virus ex
periment had 20 mice per group, the human 
coronavirus had 33 mice per group and the rat 
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Figure 2) Effects of antibody to alpha/beta interferon on the 
activity of7-thia-8-oxoguanosine (TOGuo) against Punta Taro (A ) 
and SemlikiForest {B) virus infections in mice. Solid bars indicate 
TOGuo or placebo (2% sodium bicarbonate); shaded bars indi
cate TOGuo or placebo plus 4000 units I day antibody. Half-daily 
doses ofTOGuo or placebo were administered intraper"itoneally 
24 and 31 h after Punta Taro virus inoculation or 24 and 18 h 
prior to Semtiki Forest virus infection; half-daily doses of an
tibody were given intraper"itoneally 30 mins after each dose of 
TO Guo 

coronavirus experiments using TOGuo had 15 to 22 
rats per group. 
Int erferon assay: Interferon was detected in mouse 
sera by titration on L929 cells followed one day later by 
infection with vesicular stomatitis virus (22). Plates 
(96-well) were evaluated microscopically for 50% inhibi
tion of virus-induced cytopathology (CPE) three days 
later. The reciprocal of the lowest dilution inhibiting 
virus CPE by 50% was defmed as the interferon titre in 
the sample. Discrimination between interferons alpha, 
beta and gamma was made by neutralization of inter
feron activity with antibodies to interferons (Lee 
Biomolecular). 
Immunological assays: Freshly removed spleens were 
mechanically homogenized to create single cell suspen
sions. The red cells in the preparations were lysed for 1 
min in 0.85% ammonium chloride. Subsequently, the 
remaining cells were washed twice in phosphate buf
fered saline then counted with a Coulter counter (Coul
ter Electronics, Florida). The number of cells used for 
immunological assays are given below. RPM! 1640 cell 
culture medium containing 10% fetal bovine serum, 10 
mM HEPES buffer and 2 mM glutamine was used as 
assay medium. 

Spleen cell blastogenesis assays were conducted 
using 1x105 cells per well, three wells per sample (each 
spleen assayed separately) in 96-well plates incubated 
with 25 11g/ mL of concanavalin A (Con A) - a T cell 
mitogen- for 48 hat 37°C. At 24 h, 3H-thymidine (ICN 
Radiochemicals, California) at 0.5 11Ci per well was 
added. At the end of the incubation period, the incor
porated radioactivity collected on glass fibre filters was 
counted using a scintillation counter. Counts were 
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TABLE 1 
Summary of antiviral activities of guanosine analogues 
against certain RNA viruses in animal models 

Antiviral activity (reference) 

7-dz 
Animal Infecting Guo MOGuo MTGuo 
species virus TOGuo (1 5) (14) (14) 

Mouse Banzi ++ (6,7) + +++ +++ 

Rat Corona, rat +++ nd +++ +++ 
(7,8) 

Mouse EMC +++ + +++ +++ 
(6,8) 

Mouse Influenza B -(6) - . - . 
Mouse San Angelo +++ +++ +++ +++ 

(6,7) 

Mouse Semliki +++ +++ +++ +++ 
Forest (6,7) 

Mouse vsv + (6) + +' +' 

- D-25% survival; + 25-50% survival; ++ 50-75% survival; +++ 75-100% 
survival at two or more doses. Death in the placebo group was generally 
less than 20%. 7-thia-8-oxoguanosine (TOGuo) and 7-deazaguanosine 
(7-dzGuo) treatments were 50, 100 and 200 mg/kg; 7-methyl-8-
oxoguanosine (MOGuo) and 7-methyl-8-thioxoguanosine (MTGuo) were 
25, 50 and 100 mg/kg. 'Previously unreported information. EMC En
cephalomyocarditis; nd Not determined.· VSV Vesicular stomatitis virus 

expressed as mean thymidine incorporation ± standard 
deviation. Similar methods have been previously 
described (3,5). B cell blastogenesis assays were per
formed identical to T cell assays except that 20 f..lg of 
lipopolysaccharide (LPS) (Escherichia coli type 055:85 
[Sigma, Chemical Co. Missouri], a B cell mitogen) was 
used (3,5). Nucleosides (50, 100 and 200 f.!M) were in 
the culture medium during the entire time of incuba
tion for both assays. 

Natural killer cell activity was determined using 
spleen cells from mice treated 24 h earlier with 100 
mg/kg of each compound or placebo. There were 1x106 

spleen effector cells per well (in 96-well plates) for 
effector-to-target cell ratios of 25:1, 50:1 and 100:1. 
The YAC-1 target cells were previously labeled with 
51 chromium (100 J..LCi/mL for 1 h, then washed in 
phosphate buffered saline, incubated 30 mins, then 
washed again prior to use) before combining with the 
effector cells. The combined cells were incubated at 
37°C for 4 h, centrifuged again for 5 mins at 500 g, then 
100 mL of cell -free supernatant from each well was 
directly counted using a gamma counter. The percent
age cytotoxicity for each sample was determined as 
described previously (l 0). 

The macrophage activation assay was performed by 
pretreating mice four to five days by intraperitoneal 
injection of 3% thioglycollate medium (Difco Labs, 
Michigan), after which the peritoneal exudate cells were 
recovered (23). Nucleosides (50 J..LM) were incubated 
with 106 cells for 2 h, then chemiluminescence was 
determined in the presence of 250 J..LM luminol with and 
without 2 mg zymosan/mL (23). This assay has been 
reported previously (12). 
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Antibody-dependent cell cytotoxicity assays were 
performed using 51chromium-Jabelled P815 tumour 
cells as targets and splenic lymphocytes as effector cells 
(11). The effector cells were obtained from mice treated 
48 h earlier with 88 mg TOGuo/kg. Effector to target 
cell ratios were 12.5:1, 25:1 and 50:1. After 4 h of 
incubation, the percentage specific cytotoxicity was 
determined as previously described (ll). Alloantisera to 
P815 cells was produced by a published method (24). 
Vaccine adjuvant studies: Fresh murine Ll210 leu
kemia cells harvested from DBA/ 2 mice were grown in 
RPMl-1640 medium supplemented with 25 mM HEPES 

buffer and 10% fetal bovine serum. L12l0 leukemia 
vaccine was prepared by irradiating cells in a cesium 
source with a total of 6000 rads. The irradiated cells 
with and without TOGuo were inoculated intraperi
toneally into DBA/2 mice. Vaccinations (104 irradiated 
cells per mouse) were administered at weekly intervals, 
and live L121 0 leukemia cells (l 04 cells per mouse) were 
injected into mice one week after the last treatment. 
TOGuo was administered intraperitoneally at 150 
mg/kg with or without vaccine. The vaccine dose (num
ber of killed cells per mouse) was predetermined in 

titration experiments to not be effective by itself as a 
vaccine. The dosage of TOGuo was chosen because in 
other viral and immunological evaluations in mice the 
maximum effects were achieved between 100 and 200 
mg/ kg. There were 14 to 30 mice in each treatment 
group and 66 control (untreated) animals receiving only 
live leukemia cells. Deaths were recorded daily for 130 
days. Statistical analysis of increases in the numbers of 
survivors was conducted using the two-tailed Fisher 
exact test. 

RESULTS 
Before conducting the animal studies, the four 

nucleosides were evaluated in cell cullure for antiviral 
activity against herpes simplex virus type 2, mouse 
cytomegalovirus, parainfluenza virus type 3, Semliki 
Forest virus, adenovirus type 5, influenza A virus, visna 
virus and rhinovirus type lA (the authors' normal 
primary virus screen). None of the compounds showed 
antiviral activity at less than or equal to 320 J.!M (which 
is considered to be a high concentration). In addition, 
the compounds did not inhibit proliferation of leukemia 
cells at less than or equal to 320 J..LM, indicating a Jack 
of antitumour activity. It was only when immunoen
hancing activities were demonstrated that it was 
decided to evaluate these compounds in animals . 

Antiviral activities were determined in several animal 
models of RNA virus infections (Table 1). All of lhe 
nucleosides were highly effective in preventing mor
tality in mice infected with rat corona, San Angelo and 
Semliki Forest viruses. MOGuo and MTGuo were slight
ly more protective to mice than TOGuo and 7 -dzGuo in 
Banzi virus infections. 7-dzGuo was found to be less 
effective in preventing mortality from encephalomyo· 
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TABLE 2 
Summary of antiviral activity of TOGuo against other 
RNA and DNA viruses in animal models 

Animal Type of Infecting Activity 
~~cies infection virus (reference) 

RNA viruses 
Mouse Encephalitis Corona. human +(7) 
Mouse Leukemia Friend leukemia -(7)t 

Mouse Meningitis LCMV 
Hamster Respiratory Parainfluenza 3 - ·t 

Rat Encephalitis Parvo. rat - . 
Mouse Tumours Polyoma - .t 

Mouse Hepatitis Punta Taro +++ (9) 
DNA viruses 
Mouse Visceral organ MCMV ++ (7) 
Mouse Encephalitis HSV-1 ++ (7) 
Mouse Skin lesion HSV-1 
Mouse Encephalitis HSV-2 ++ (6) 
Mouse Skin lesion HSV-2 -(6) 
-0-25% survival; +25-50% survival; ++ 50-75% survival;+++ 75-100% survival 
at two or more doses. Death in the placebo group was generally less 
than 20%. 7-Thia-8-oxoguanosine (TOGuo) treatments were 50. 100 and 
200 mg/kg. 'Previously unreported information. t Activity measured by 
reductions in splenomegaly. lung and nasal virus titres, and numbers of 
tumours for Friend leukemia. parainfluenza 3 and polyoma virus infec
tions, respectively. HSV Herpes simplex virus: LCMV Lymphocytic 
choriomeningitis virus; MCMV Murine cytomegalovirus 

carditis virus than were the other three compounds. 
Death due to influenza B virus could not be prevented 
by treatment with these agents, and only a moderate 
improvement in survival was achieved against vesicular 
stomatitis virus infections. All compounds had relative
ly the same degree of antiviral activity in each of the 
virus infections studied, except as noted above. These 
results suggest that the nucleosides may have common 
modes of action and similar in vivo potencies. 

TOGuo was evaluated in a number of other animal 
infection models of DNA and RNA virus infections 
(Table 2). Against DNA viruses, the nucleoside partially 
protected mice from encephalitic infections caused by 
herpes simplex virus-1 and -2, and decreased mortality 
in murine cytomegalovirus infections. The severity of 
herpetic skin lesions was not reduced by TOGuo treat
ments, however. Against RNA viruses, TOGuo prevent
ed mortality in the majority of mice infected with Punta 
Toro virus. The compound was much less protective 
against a human coronavirus infection, and showed no 
activity in Friend leukemia, lymphocytic choriomenin
gitis. parainfluenza, parvo and polyoma virus infec
tions. To summarize the activities of TOGuo on virus 
infections (Tables 1,2), the compound was highly 
protective to mice infected with arthropod-home 
viruses (Punta Toro, San Angelo, Semliki Forest and, to 
a lesser extent, Banzi). picomavirus (encephalomyocar
ditis) and respiratory (rat) coronavirus infections. The 
nucleoside was somewhat less effective in preventing 
mort.ality from herpes virus infections (herpes simplex 
virus-1 and -2, and murine cytomegalovirus) and was 
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TABLE 3 
Summary of immunological effects of guanosine 
analogues in mice 

Effect of nucleoside treatment on immune 
function (reference) 

Immune 7-dzGuo 
parameter TOGuo (15) MOGuo• MTGuo• 
B cell blasto- ++ (5) ++ (3.4) + 

genesis 
T cell blasto- - . 

genesis 
NKcell +(5.10) + + + 

activation 
Macrophage + (12.15) + + + 

activation 
Interferon-a +++ (9.10) +++ +++ +++ 

induction 
Interferon-~ -(10) 

induction 
lnterferon-y -(10) 

Induction 
ADCC enhance- + (ll) nd nd nd 

ment 
Adjuvant activity ++' nd ++ (3.4) nd 
-No immunoenhancement; +two- to 70-fold enhancement: ++ 70- to 
7CJO-fold enhancement: +++ 7CJO- to 7000-fo/d enhancement. 'Previously 
unreported information. ADCC Antibody-dependent cellular 
cytotoxicity; nd Not determined; NK Natural killer: 7-dzGuo 7-
deazaguanosine; MOGuo 7-methy/-8-oxoguanos/ne; MTGuo 7 -methy/-8-
thioxoguanosine; TOGuo 7-Thia-8-oxoguanosine 

TABLE 4 
Effect of TOGuo in combination with an L 1212 leukemia 
vaccine on survival of mice inoculated with live L 1212 
leukemia cells 

Treatment 
g iven 

None 
TOGuo 
Vaccine 
Vaccine+ 

TOGuo 

Number of treatments (survivors/total (%)) 

0 1 2 3 
0/66 (0) 

0/14(0) 
0/14 (0) 
0/14 (0) 

0/30 (0) 
4/30 (13) 

27/30 (90)* 

0/22 (0) 
7/22 (32) 

19/22 (86)' 

7-Thia-8-oxoguanosine (TOGuo) was administered intraperitoneally at 
750 mg/ kg with or without vaccine. Vaccine was 1d irradiated L7272 
cells given intraperitoneally. Treatments were seven days apart; seven 
days after the fast treatment. mice were challenged with 7 d five L 12 7 2 
leukemia cells. 'Statistically different (P<0.01) from group receiving vac
cine only 

weakly active or inactive in 10 other virus infection 
models. 

In immunological assays. the four compounds 
showed similar effects to enhance natural killer cell 
activity and to induce interferon. All compounds except 
7 -dzGuo activated B cells and none of the structures 
stimulated T cells. 7 -dzGuo caused a greater activation 
of macrophages than the other nucleosides. TOGuo 
was also found to enhance antibody-dependent cell 
cytotoxicity functions (Table 3). The adjuvant activities 
of TO Guo and MOGuo were evaluated in different sys
tems so cannot be directly compared. TOGuo enhanced 
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the effect of an L1210 leukemia vaccine in vivo (Table 
4). whereas MOGuo enhanced humoral immunity in an 
in vUro antisheep red blood cell assay. 

In many of the animal infection models presented 
here, the induction of interferon may be of prime impor
tance to the compounds' antiviral activities. To validate 
this. mice were pretreated with TOGuo and antibodies 
to alpha/beta-interferon before Punta Taro and Semliki 
Forest. virus challenges (Figure 2). Animals treated with 
the nucleoside only served as positive controls. In these 
studies, mice receiving TOGuo plus antibodies to 
alpha/beta-interferon died from the infections, 
whereas most animals receiving only TOGuo survived. 
Thus, the protective effect must. have been due to the 
induced interferon. Other immune functions stimu
lated by TOGuo appeared to not be critical for antiviral 
activity against Semliki Forest virus (10). For example, 
treatment of mice with natural killer cell destroying 
antibody or with fumed silica (which kills macrophages) 
did not affect the ability ofTOGuo to protect mice from 
lethal Semliki Forest virus infection. These same types 
of experiments have not yet been conducted with the 
other nucleosides. 

Besides having possible clinical use as an antiviral 
agent, TOGuo may also be useful as a novel type of 
vaccine adjuvant. To demonstrate this potential, a vac
cination study was performed in an Ll210 leukemia 
model in mice (Table 4). Ll210 leukemia was chosen 
because the cells are poorly immunogenic on their own. 
TOGuo by itself did not cause an increase in survival 
relative to untreated mice given live tumour cells, in
dicating that. by itself its immunoenhancing activities 
do not constitute an antitumour effect.. The vaccine 
when used alone only caused a slight increase in num
bers of survivors. However, the vaccine (given two or 
three times) combined with TOGuo was markedly supe
rior to the vaccine alone in preventing mortality. There 
was no statistically significant. difference in survival 
between groups receiving TOGuo plus vaccine on two 
versus three occasions. 

DISCUSSION 
The virus-inhibitory effects of TOGuo, 7-dzGuo, 

MOGuo and MTGuo are most likely attributable to 
interferon induction in the host. with one or two excep
tions - murine cytomegalovirus and encephalomyocar
ditis virus infections. Murine cytomegalovirus is not 
reported to be inhibited to a great extent by interferon 
(25), but has been shown to be quite sensitive to the 
action of natural killer cells (26). Because TOGuo is a 
good potentiator of natural killer cell activity in mice 
(5,1 0). this may be the reason for its an tim urine cyto
megalovirus activity. Against encephalomyocarditis 
virus, repeated experiments showed that 7 -clzGuo was 
less effective than TOGuo. The two compounds differ in 
that TOGuo has B cell activating activity whereas 7-
dzGuo does not. Whether B cell activation contributes 
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to anti-encephalomyocarditis activity will require addi
tipnal experimentation. 

TOGuo (and the other nucleosides when evaluated) 
was not active against certain viruses known to be 
sensitive to interferon action which include human 
corona, vesicular stomatitis and influenza B viruses. In 
addition, herpesvirus infections of the skin were not 
treatable with TOGuo. Explanations for failure of the 
nucleoside to alter these virus infections may relate to 
the pharmacokinetics of the compound and its poten
tial inability to distribute to the sites of virus replication 
to cause sufficient immune activation. In these studies, 
the human coronavirus was inoculated directly into the 
brain, and vesicular stomatitis virus was administered 
intranasally where it would rapidly reach the brain. 
Often the brain acts as a barrier to penetration of 
compounds, resulting in low levels of interferon in 
cerebrospinal fluid (27). As TOGuo had a positive effect 
on systemic herpes virus infections but not against 
herpetic skin diseases, these results suggest that the 
compound failed to reach the skin in a sufficient. con
centration to cause immune activation. The lack of 
effect ofTOGuo against influenza B virus may be for an 
unrelated reason. Influenza viruses are inhibited by an 
interferon-induced cellular protein encoded by the Mx 
gene (28). The more common pathway of interferon 
activation (involving 2',5'-adenylate synthetase) of cells 
to an antiviral state does not affect influenza virus 
replication. Mice that have the Mx gene will not die from 
influenza virus infection due to inherent resistance (29) 
and so do not make good models for studying antiviral 
agents. The present studies used mice lacking the Mx 
gene (death being the desired end point); the animals 
were, therefore, incapable of mounting an interferon 
response. This may account for the lack of antiviral 
activity of the interferon inducers against influenza B 
virus in SW mice. 

In terms of immunoenhancing properties other than 
interferon induction, the activation of B cells appears to 
be a direct effect. of 8-substituted guanosines on the 
cells, based upon detailed published experiments with 

8-bromoguanosine (l). MOGuo (3,4) and TOGuo (13). 
The lack of a bulky substitution at the 8 position of 
7-dzGuo may explain why it lacks B cell stimulatory 
activity. Interferon is known to be an activator of 
natural killer cells, so the effect of nucleoside treatment 
may be indirect. Studies published by the present 
authors indicate that part of natural killer cell activa
tion cannot be neutralized by antibody to interferon 
(10). The activity of TOGuo on macrophages and on 
antibody-dependent cell cytotoxicity enhancement ap· 
pears to be a direct effect. 

The adjuvant effects ofTOGuo were quite impressive 
in the Ll210 leukemia virus model. In this infection, 
mice die within a few days after entry of leukemia cells 
into the brain. In order for mice to survive the infection, 
1 OOo/o of all tumour cells must be eradicated in the host. 
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The fact that TOGuo by itself did not alter mortality 
indicates that interferon and activated macrophages, 
antibody-dependent cytotoxic cells and natural killer 
cells (immune factors induced by TOGuo treatments) 
did not play a significant role in survival from the 
tumour challenge. TOGuo was also ineffective by itself 
in the Friend leukemia virus splenomegaly and polyo
mavirus-induced tumour models. In unreported 
studies, the nucleoside was quite effective in preventing 
or inhibiting the metastatic B 16 melanoma tumour 
growth in mice. This effect could be abrogated by simul
taneous treatment of the animals with natural killer cell 
destroying antibody, suggesting a role of these effector 
cells in tumour control. Because of the variety and 
diversity of tumour cell models, TOGuo definitely war
rants further testing in other systems. 

The mode of action of TOGuo to act as a vaccine 
adjuvant is not well understood, except that the com
pound has a direct B cell stimulatory effect involving 
the phosphoinositide signaling pathway and possible 
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