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Guanidine has been known for a long time as a selective I 
inhibitor of replication of small RNA viruses in tissue culture. 
The biochemical basis for this activity was traced to an inhibition 
of the synthesis of viral RNA polymerase,2 and thus was specific 
for viral replication, leaving cellular replication and function 
unaffected. The antiviral activity of guanidine cannot however be 
demonstrated in vivo, consequently much work has been carried out 
to try to find useful antiviral activity in derivatives of guanidine. 

Two years ago we reported3 the discovery of a substituted 
guanidine I.C.I. 6570~. whis~bad high activity against a number of 
RNA viruses particularly ~inoviruses. 

I.C.I. 65709 

l-p-chlorophenyl-3-(m-isobutylthioureidophenyl)-guanidine 
hydrochloride 

Subsequent development of this discovery led us to the 
structurally related compound I.C.I. 736024 which had a broader 
spectrum of activity against viruses causing "the common cold" 
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i.e. rhinoviruses and coronaviruses. 

../CH3 
NH.C.NHCH2·CH 

-0 {j n "cH 
Cl 'I ~ NHCO NH 'I ~ + NH 3 

_ _ 2 Cl-

I.C I. 73602 

l-p-chlorophenyl-3-(m-isobutylguanidinophenyl)-urea hydrochloride 

The method of testi~ for in vitro antiviral activity has 
already been described,S, but briefly consists in infecting human 
embryonic lung cells in 3 x O.S inch tubes with 100 TCDSO of test 
virus and then adding test compound at a range of concentrations. 
After incubation at 33 0 for 2 days the cells are inspected under 
a low-power microscope and the concentration of compound which 
causes SO% cytotoxic effect and that causing SO% inhibition of virus 
growth are determined. From these values a tissue culture 
"therapeutic ratio" can be calculated. 

Table 1 shows the activity of I.C.I. 73602 against lS strains 
of rhinovirus and one strain of coronavirus in human embryonic 
lung cells. 

TABLE I 

Therapeutic 

Type SO'7. inhibition Ratio (based on 
~g/ml SO'7. toxici ty 

at 301Jg/ml) 

Rhinovirus 9 0.2 lSO 

lA, 2, 11, 19, 26, 

36, 43 0.4 7S 

ll!, 4, 16 0.8 38 

S, 14, 17, 3S 1.6 19 

Coronavirus 229E 1.0 30 

It can be seen that the compound has very considerable 
selectivity between effects on virus replication and effects on 
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cellular function. This was confirmed by studies on the synthesis 
of cellular RNA, DNA and protein in human embryo lung cells. 
Synthesis of these components was unaffected by concentrations of 
compound up to 50 x greater than the antiviral levels. The most 
stringent test of the effect of a drug on cellular function is to 
grow cells in its presence. When human embryo lung cells are grown 
in the presence of I.C.I. 73602 over 15 days the yield of viable 
cells is ~ompletely unaffected by 1.0 ~/ml but is reduced by about 
50% at 2.5 ~/ml. Thus antiviral activity at 0.2 ~/ml is indeed 
selective. 

The growth of rhinoviruses in fragments of human embryonic 
trachea is also inhibited by I.C.I. 73602. A 50% reduction in 
virus yield from a challenge of 100 TCD50 is produced by 2.5 ~/ml 
while the 50% toxic dose, as judged by cessation of ciliary 
activity, is about 20 ~/ml giving a therapeutic ratio of about 10. 
In this type of experiment the drug is present throughout in the 
culture medium which is renewed each day of the 4-5 day experiment. 
To demonstrate further the effectiveness of the drug an intermittent 
dosing schedule was devised in which the tracheal fragments were 
treated for 5 seconds or 60 seconds each day for 4 days with I.C.L 
73602. The results of several tests are shown in Table II. Virus 
yields are TCD50/ml of culture fluid and as each experiment was 
done on fragments from different tracheas, control virus yields from 
fragments treated with isotonic saline for the same time, are given 
for each test. It can be seen that the drug will produce effectively 
complete inhibition of viral replication when dosed once per day for 
1 minute at a concentration of 0.35 mg/ml. 

Attempts to make rhinovirus cultures resistant to I.C.I. 73602 
by repeated passage in sub-inhibitory concentrations of drug were not 
successful. Thus the compound differs significantly from guanidine, 
to which resistance begins to develop after only one passage. 7 

Preliminary mode of action studies,8 by measuring virus yield 
from tissue cultures 9-16 hr after infection and adding drug at 
0-8 hr after infection, indicate that I.C.I. 73602 affects a late 
stage in viral replication, possibly the assembly of virus RNA and 
coat protein. Later biochemical studies9 indicated that only 4% 
of viral single stranded RNA found in infected cells was 
encapsidated into mature virions when drug was present, confirming 
our original finding. In addition however, it was found that RNA 
dependent RNA polymerase activity was inhibited by the drug 
although the synthesis of polymerase polypeptides appeared to be 
unaffec ted. 

I.C.I. 73602 is relatively non-toxic. It is well tolerated 
when instilled into the nostrils of rats six times per day for 7 
days at concentrations up to 400 ~/ml, and no abnormalities were 
found on pathological examination of either these animals or in 
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TABLE II 

Effect on rhinovirus yield from infected human embryonic tracheal 
fragments when treated once per day with I.C.I. 73602 

Concentration of Virus Yield TCD50/ml 

I.C.I. 73602 at Period of on day Total 

time of treatment daily exposure TCD50 
1 2 3 4 

0.35 mg/ml 5 sec 250 160 63 5 478 

0.35 mg/ml 60 sec 7 5 <2.5 <2.5 <17 

Control - 63 100 63 5 231 

0.4 mg/ml 5 sec 160 100 4 5 305 

1.36 mg/ml 5 sec 100 63 5 (5 <168 

Control - 400 25 8 5 438 

0.8 mg/ml 5 sec 25 25 <5 <s <50 

Control - 630 400 111 160 501 

1.49 mg/ml 5 sec 40 10 5 - 55 

Control - 2500 630 630 - 3760 
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TABLE III 

Activity of Substituted Guanidinoureas against Rhinoviruses 

~ ~H.C.NHR2 
R1 'I _' NHCONH 'I _ tk 

R1 R2 
Benzene I.C.I. Activity Toxicity 
Substitution No. lJg/m1 lJg/m1 

p-C1 H m 94458 NA 25 

Me m 81011 NA )45 

nPr m 81012 NA 45 

iPr m 80656 1.8 9 
nBu m 81013 NA 45 
i Bu m 73602 0.1 30 

sBu m 81014 NA 45 
iAm m 81015 NA 45 

Ph m 77868 0.04 5 

iPr p 81262 1.8 45 
i Bu p 81263 5 45 

p-Br i Bu m 80497 1.0 30 
i Bu p 81679 NA 45 

p-OMe i Bu m 80459 NA 45 

p-OEt i Bu m 76961 1.5 30 

NA indicates a ratio between toxicity and activity of < 5 



276 D.L. SWALLOW ET AL. 

another series dosed 100 mg/kg daily intraperitoneally for 14 days. 
When dosed orally or intranasally there is little or no systemic 
absorption. 

An investigation of structure-activity relationships in this 
type of compound served only to demonstrate that activity was 
unpredictable as can be seen ~n Table III. Activity was most 
frequently present when R2 = 1Bu, but even closely related Rl 
ego OMe and OEt gave inactive and active analogues respectively. 
All compounds in which the central aromatic substitution was 
ortho were inactive. Reversal of the relative positions of the urea 
and guanidine moieties in the molecule led to compounds in which 
activity appeared even less frequently. 

In I.C.I. 73602 we have an anti-rhinovirus compound which has 
very high activity in two types of in vitro test system, is 
relatively non-toxic to laboratory animals and studies in the only 
satisfactory in vivo system, homo sapiens, are in progress. 
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