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1,2-CYCLOHEXANEDIONE AN D 2, B-DITHIO-6-OXYPURINE 
AS IHIBITORS OF LEE INFTUEZA VIRUS 

INTRODUCTION 

Investigation of the effects of chemical compounds 

upon the development of viruses is justified both by the 

need for cImotherapeutic agents and by the poesibility 
that such investigations may provide information on the 

chemistry of virus developmt in host cells. 
A compound showing antiviral activity might inter- 

fere with virus development in a number of ways at any 

of the three phases of virus infection. The probability 

of finding an active antiviral agent, and being able to 

locate exactly the reaction responsible for virus inhi- 

bition, is slight in the present state of knowledge of 

virus multiplication; however, the success of this ap- 

proach in related fields of microbiology offers some en- 

couragement to continued research along these lines. 
The antiviral properties of 1,2-cyclohexanedione snd 

2,8-dithio-6-oxypurire, two compounds which had shown 

inhibitory activity for Lee influenza virus in chick em- 

bryo screening tests, were selected for further studies. 

The structures of the two compounds are shcwn below. 
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The structure of 1,2-cyclohexaiîedione suggests a rela- 

tionship to the qulnones. Various quinones are known to 

have antibacterial activity, which has in sane cases been 

interpreted as being due to interaction with vital thio]. 

groups. This consideration prompted the preliminary 

testing of 1,2-cyclohexanedione for antiviral activity. 
The structure of 2,8-dithio-6-oxypurine sugests a rela- 

tionship to uric acid d other naturally occurring 

purine derivatives. Any unnatural purine might be in- 

hibitory because of metabolic aritagczism to host systems 

involved in the development of virus nucleoprotein. 
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HISTORICAL REVIEW 

There is little available information abt either 

of the two compounds studied. No information relating to 

any biologteal activity of 1,2-cyclohexanedione has been 

found; althou a related compound, 1,2-cyclohexanedi- 

carboxylic acid, has been mentioned briefly by Takemoto 

and Robbiris (lo, p.141) as being inhibitory to influenza 

type A in the chick embryo. Urlon first sthesized 

l,2-cyclohexanedione in 1931 by the reduction of a cyclic 

compound formed during tÌ decomposition of divinyiglycol 

(15, pp.1662-1664). He found it to be identical to a 

compound isolated from the products of the distillation 

of wood. 

No information has been found relating to properties 

of 2,B-dithio-6-oxypurine; however, several other purine 

derivatives not found naturally have been reported to 

possess antiviral activity. The development of Russian 

spring-summer encephalitis virus (4, p.151) and vaccinia 

virus (13, pp.530-532) has been shoin to be inhibited by 

2,6-diaminopurine. Inhibition of both viruses by this 

compound was reversed by adenine (4, p.151). It has also 

been reported that vaccinia virus development in tissue 

cultures was inhibited by 2,6-dichloro-7-methylpurine 

(13, pp.52°-534). 
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EXPERIMENTAL MATERIALS AND METHODS 

Virus. Four stocks of Influenza virus were used. 

The Lee type B influenza virus, which was originally ob- 

tamed from the American Trpe Culture Collection, was 

used for chick embryo, in vitro, and mouse experiments 
and in some tissue cultures. The stock of virus used in 
the mouse experiments had been maintained by passage in 
the mouse lung. Infected allaritoic fluid from eggs in- 
oculated with this mouse-adapted Lee virus was used as 

the inoculum in the mouse experiments. The stock of Lee 

virus used in the chick embryo and in vitro experiments 
and in some tissue cultures was maintained by egg passage. 

The strain of Lee influenza virus designated as "Lee-R" 

had bei obtained from Dr. F. L. Horsfall. This virus 
had a long history of eg passages and was well adapted 

to the chick embryo. The Lee-H virus was used in tissue 
cultures. The PRS strain of type A influenza vlius was 

obtained from the Axrrican Type Culture Collectiaiì. 
Stock virus preparations were made b inoculating 

9 to 11-day old eggs with 0.1 ml volumes of a 1:1000 or 
1:10,000 dilution of infected fluid from the preceding 
frozen stock virus. The eggs were incubated 40 to 46 

hours at 35°C. The fluids were aseptically harvested, 
pooled, arid diluted 1:10,000 in buffered saline. The 
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allantoic sacs of a group of 9 to 11-day old eggs were 

inoculated with 0.1 ml volumes of this dilution and the 

eggs were incubated 40 to 46 hours at 35°C. The fluida 

from these eggs were aseptically harvested, pooled, and 

centrifuged to remove red blood cells and other large 

particles. The fluid was then dis tributed in 0.7 ml 

volumes in small sterile cottc»a-plugged Pyrex tubes which 

were sealed with rubber stoppers and rapidly frozen in a 

dry ice-ethanol mixture. The tubes were stored at _600C. 

The fluid was titrated for infectivity after freezing. 

For one stock virus the dilution causing 50 per cent 

infectivity varied from 5.0 x io to 4.8 x io over a 

three month period. This was an insignificant differaice. 

New stocks of frozen virus usually were prepared every 

two months. 

Eggs. Fertile chick&ì eg of 

chiefly New Hampshire Red, were obt 

State College poultry farm and from 

The eggs were incubated for 9 to 11 

lowing inoculation with virus, t1y 
35°C. 

various breeds, 

ined from the Oregon 

Russell's Hatchery. 

days at 38°C. Fol- 

were incubated at 

Compounds. The 1,2-cyclohexanedione was made avail- 

able through the kindness of Dr. I. F. Halverstadt. The 

2,B-dithio-6-oxypurine and the purine derivatives used 



in reversal experiments were supplied by iutritiona]. 
Biochemicals Corporaticzi. Reagent grade chemicals were 

used in the preparation of all solutions. Deionized 

water used in washing and in tl preparation of solutions 
had a conductivity equivalent to O.5 p.p.m. or less as 

sodium chloride. 

Saline Solutions. Physiological saline used in the 

hemagglutinin ti trations was 0.85 per cent sodium chlor- 
ide. This saline was not sterilized. The buffered 
saline used in t} dilution f Infected fluid for inocu- 
lations Into the chick embryo liad the following composi- 

tion: 
aCl 8.500 grams 

Na2HPO4 (anhydrous) 0.769 grains 
24 0.170 grams 
DeionIzed water to 1000 ml 

The buffered saline was sterilized for 20 minutes at 121t. 

In Pyrex bottles. 'he pH was 7.3. 

Alsever's Solution. This solution, used In the col- 
lectixì and storage of red blood cells, had the following 
composition: 

Glucose 20.5 grams 
Sodium chloride 4.2 grams 
Citric acid 0.55 grams 
Sodium citrate 8.0 grams 

Deionized water to 1000 ml 

The solution was distributed in wide-mouthed jars, 



autoclaved at 121°C for 15 minutes, and stored at 14°C 

until used. 

Phospha te-Glycine Buffer. This buffer solution, 

used as the diluent for in vitro tests of the direct ef- 

fect of compounds upon virus infectivity, was prepared 

by mixing equal volumes of solution A arid solution B just 
before use. The solutions had the following composi- 

tions: 

Solution A. 
Glycine 3.752 grams 
Sodium chloride 2.922 grait 

DeIonized water to loo ml 

Golution B. 
Na2HPO4 (anhydrous) 4.000 grams 

Deionized water to 100 ml 

The solutIons were sterilized in Pyrex tubes at 121°C for 

20 minutes. The pi-I of this buffer solution was 8.0. 

Hemagglutinin Titrations. The pattern method of 

Salk (9, pp.87-98) was used in the determination of 

hemagglutin.tn titers. Each week the blood of four to 

five chickens was collected in an equal volume of 

Alsever's solution. The chicken red blood cells were 

washed with physiological saline by three centrifugations 

at 1500 r.p.m. for 7 mInutes. After the final washing, 

the cells were packed centrifugally at 1500 r.p.m. for 

lo minutes and a stock suspension of cells, 10 per cent 

by volume, was prepared in physiological saline. The 



stock suspensii was stored at 40C. The 1.0 and 0.5 per 

cent suspensions, used ïn titration of infected flu.id$, 

were prepared from this stock immediately before use. 

From each of the Infected fluids to be titrated, two 

series of dllutixxs were prepared. The first series pro-. 

grossed by serial two-fold steps in the series which 

begins as 1:10, 1:20, 1:40, etc.; the second series pro- 

ressed in a like mannìer fran an initial dilution of 1:15. 

Fluids were mixed eight times at each dilution stop by 

being alternately withdrawn into a pipet and expelled 

ito a serological tube. After eight such mixings, 1.0 

ml of fluid was withdravn arid transferred to the next 

tube in the series. Then the supply of pipets was un- 

limited, a pipet was used for mixing only one dilution 
and then was discarded. The volume remaining in each 

tube after mixing aid transfer was 1.0 ml. One ml of the 

appropriate cell suspension was added to each tube and 

the tthes were thoroughly shaken to mix the cells with 

the diluted fluid. The final volume in each tube, after 
the addition of the cell suspension, was 2.0 ni]. arid the 

final dilution was twice the initial dilution. 
In hemagglutinin titrations of tissue culture fluids 

and of allantoic fluids f rcun infectivity titraticns, a 

0.5 per cent suspension of cells was used for maximum 

sensitivity. Readings were made after 45 minutes at room 



temperature. A 1.0 per cent suspension of cells was used 

in titrations of all other allantoic fluids, In this 
case, readings were made after 30 minutes. Titers were 

expressed as the reciprocal of the highest final dilution 
showing complete hemagglutiriation of the chicken red 

blood cells. 

Infectivity Titrations. Infectivity titers were 

determined by preparing serial ten-fold dilutions of 

centrifuged allanto! e fluids ir.i buffered saline, and in- 
jecting 0.1 ml volumes of these dilutions into the allen- 
toic sacs of groups of six 10 or 11-day old eggs. The 

eggs were incubated for 48 hours at 50C after inocula- 
tion. A 0.5 ml volume of allantoic fluid was removed 

from each egg after ixcubatiai end diluted with an equal 

volume of physiological saline, One ml of a 0.5 per cent 

cell suspension was added to the diluted allantoic fluid. 
Fluids causing no hemagghtinaticii at this final 1:4 

dilution were ccnsidered to be uninfeeted. The method 

of Reed and Muench (8, pp.493-497) was used in calculat- 

Ing the EID50. The EID50 calculated by this method 

represents the dose of virus infected fluid causing in- 
fection in 50 per cent of the embryos. 

Chick nbryo Experiments. In the majority of ex- 

periments in the chick embryo, both the virus inoculum 
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and the compound solution were injected into the allan- 
toic sac. The period of Incubation after Inoculation 

with the i.rus was from 43 to 48 hours at 35°C. Allan- 

tole fluid was aseptically removed after incubation by 

disinfecting the shell over the air sac with tincture of 

Iodine, breaking away the shell over the air sac with 

sterile forceps, tearing off the exposed shell membrane 

with another pair of sterile forceps, inserting a 21 

gauge needle into the allantoic fluid well away from the 

embryo, arid drawing the fluid into a sterile 5 or 10 ml 

syringe. 

The virus inoculum for eggs was 0.1 ml of a suitable 
dilution of infected allantoic fluid in buffered saline. 
The 1,2-cyclohexanedione was dissolved in deionized water 

b y gen t i e warm :1n g and th e ad di ti on of oria - tent h an d on e - 

hundredth saturated solutions of reagent grade sodium 

hydroxide. Solutions to be injected into the allantoic 
sac were adjusted to between pH 7.0 and pli 9.0. The 

solutions were sterilized by filtration through an ultra- 
fine porosity slntered glass filter. The 2,8-dlthio-6- 
oxypurine, at concentrations of 25 or 12.5 mg per ml, was 

suspr.ided In a 1.0 per cent solulon of Hercules low vis- 

cosity carboxymethylcellulose. The suspision was steri- 
lized in a water bath at 1000C for 25 minutes. The volume 

of compound solution or suspension injected into each egg 
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was 0.5 ml or less. The control eg received equal vol- 

urnes of the diluent. 

Mouse Tests. For the toxicity test in mice, the 

1,2-cyclohexanedione was dissolved in deionized water by 

the addition of one-tenth and one-hundredth saturated 

solutions of siurn hyoroxide. A solution containing 

60 mg of 1,2-cyclohexanedicrie per ml was adjusted to pH 

7.1 and sterilized by filtration through an ultrafine 
porosity sintered glass filter. The 2,E3-dithio-6- 

oxypurine was prepared as a suspensicn in a 1.0 per cent 

solution of hercules low viscosity carboxymethy].cellulose. 

The pH of the suspensici was adjusted to 7.1. This sus- 

pension, containing 6 mg of 2,8-dithio-6-oxypurine per 

ml, was sterilized in a water bath at 100°C for 25 miri- 

utes. A group of three mice was used at each dosage 

level. The mice received twice daily intraperitoneal 
injections. Deaths occurring in the t1-nee days during 

which the injections were administered were recorded. 

The highest dosage level at which at least two of three 

mice survived the sixth injection was taken to be the 

maximum tolerated dose. 

In the test for inhibition of the virus, the com- 

pounds were prepared in the same way except that the 

concentrations used were those calculated to contain the 
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maximum tolerated dose in a volume of 0.25 ml. Two ex- 

perimental groups of mice received twice daily intraperi- 

toneal injections of the îìaximurn tolerated doses of the 

two compounds and tw control groups of mice received 

intraperitieal injections of the diluents. 

AU groups of mice were iiìoculated with the virus 

five hours after the first injection. The virus inoculum 

was 0.05 ml of a 1:1000 dilution of mouse-adapted Lee 

virus in buffered saline. This was administered intra- 

nasally under light ether anesthesia. The mice received 

a total of six injections of the compounds over the three 

day period. On the firth day all mice were sacrificed. 

The lungs of each group were renved, pooled, washed 

three tius by agitaticn in physiological saline, blotted, 

weighed, and ground in a mortar with Pyrex glass to give 

a 1 :10 sus pen si i of ground lung material in physiologi- 

cal saline. This suspension was centrifuged for 15 miri- 

utes at 2500 r.p.m. and held at 14°C for 24 hours. The 

aupernatant was removed and titrated for virus hemagglu- 

tinin, using a 1.0 per cent suspension of chicken red 

blood cells. 

Tissue Cultures Methods. The tissue culture tech- 

niques used were similar to those of Tanin, Folkers, and 

Horsfall (12, pp.560-561). Glassware, rubber stoppers, 
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arid Bakelite caps were boiled in Labtone solution and 

were rnzed ten times in bap water and five times in 

deionized water. Glassware was sterilized either by dry 

heat at 180°C for one hour or by autoclaving at 121°C for 

20 minutes. Instruments were washed in cold Labtone sohi- 

tion, rinsed thorighly in tap water end in deionized 

water, and sterilized at 110°C by dry heat overnight. 

Buffered glucosol solutions were the nutrient fluids 

for tissue cultures. Nutriat fluids were prepared from 

so1uti-is of the following compositions: 

Glucosol solution. 
ìaC1 8.0 grams 
CaC122H20 0.2 grams 
MgC12'6H20 0.5 grams 
Giose 1.0 grams 

Deionized water to 1000 ml 

Buffor solution A. 

ta2HPO4 (anhydrous) 7.105 grams 
KH2PO4 2.269 grams 
Phenol red 0.020 grams 

Deionized water to 1000 ml 

Buffer solution B. 

Ia2HPO4 (arlhydrouS) 7.689 grams 
2PO4 1.702 grams 

Phenol rod 0.020 grams 
Deionized water to 1000 in]. 

These s olutions wore sterìlized in Pyrex botti es with 

Bakelite screw caps at 1210C for 20 minutes. Glucosol 

was mixed with an equal volume of buffer solution im- 

mediately before use. Streptomycin d penicillin G were 
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added to give final concentrations of 40 microgrns per 
mi and 10 units per ml respectively. The initial pli of 

the buffered glucosol prepared with buffer solution A was 

7.28; the initial pli of that prepared with buffer solution 
B was 7.35. Buffer solution A was used in preparing nu- 

trient fluid for tissue cultures with 1,2-cyclohexene- 

dione; nutrient fluid for tissue cultures with 2,8-dith!o- 

6-oxypuririe was prepared with buffer solution B. 

Chorioallsntoi c membrane tissue was aseptically re- 
moved from 9 to 11-day oid eggs. The shell over the air 
sac of an egg was disthfected with tincture of iodine, 
this portion of the shell was removed with sterile for- 

cepsa and the shell membrane covering the chorioallantoic 
membrane of this region was stripped away with sterile 
forceps. The egg contents were tipped Into a sterile 
petri dish, the chorloallantoic menrane was grIpped with 

sterile forceps, and the membrane was cut free from other 
tissues with sterile scissors. The membrane was washed 

three times in buffered g1uosol, either by centrifuga- 
tian or by agitation, and was cut into 2 cm x 2 cm 

squares. The pieces from all eggs were thoroughly mixed 

and distributed at random in sterile Pyrex culture tubes 

(2.5 x 15 cm) containing 2 ini of the nutrient fluid, with 

or without the compound to be tested. These tubes were 

fitted with rubber stoppers. After Inoculation with 0.1 
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ml volumes of virus infected allantoic fluid, suitably 
diluted in buffered glucosol, the tubes were incubated 
at 35°C on a xciprocating shaker having a stroke 1exth 
of 8 cm and a frequency of 90 strokes per minute. The 

in cub ati on time w as usually 44 t o 46 hour s. Af ter in cu- 

baticxx the culture fluids were tested for sterility by 

inoculation of a porticri of the culture fluid into Difeo 

fluid thioglycollate broth. The cultire fluids were ti- 
trated for virus hemagglutinin. 

For use in tissue culliires, 1,2-cyclohexanedione was 

prepared as a concentrated solution in tissue culture 
buffer solution A. The solution was adjusted with one- 

tenth and one-hundredth saturated solutions of reagent 
grade sodium hydroxide to pH 7.28. The 1,2-cyclohexane- 
dione dissolved in the buffer with the addition of base 
and with gentle warming. The concentrated solutions pre- 
pared in this way contained 8 mg or 4 mg of 1,2-cyclo- 
hexanedione per ml. They were sterilized by filtration 
through an ultrafine porosity sintered glass filter. 
Glucosol and the antibiotics were added to the solution 
just b efor e us e in tis sue cu iture. 

The 2,8-dithio-6-oxypurine was dissolved in tissue 
culture buffer solution B or n buffered glucosol at 1.0 

or 2.0 mg per ml. The pH of the solution was adjusted 
to 7.35 with solutions of reagent brade sodium hydroxide. 
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The solution was sterilized in a water bath at 100°C for 
25 minutes and then diluted with glucosol or buffered 

glucosol before the additi of the ìtibiotics. 

Stati stic a]. Meth ods. Duff eren ces be tween the means 

of hemagglutinin titers of groups of a1litoic fluids or 

tissue culture fluids were tested for significance by 

meais of Student's "t" test (6, pp.153-157). This method 

of analysis is appropriate for samples containing less 
than 30 items. The arithmetic means of the logarithms 

of the titers were used in the calculation of 't", as is 
showi in Table 1. The use of the log trans formation of 

data has bei discussed by Bartlett (I, pp.39-45). 

In all tables except Table 1, the means shoi are 

geometric means of the titers. In Table 1, the means are 

arithmetic means of the logarithms of the titers. 
As dilutions below 1:20 were not made in the hemag- 

glutinin titrations in the majority of experiments, the 

true titers of fluids which did not cause complete 

hemagglutination at the 1:20 dilution were not deter- 

mined. IrA many fluids there ma have been no hemagglu- 

tinin; in other fluids there might have be-ì sufficient 
hemagglutinin present to cause complete hemagglutination 

of red blood cells at the 1:10 dilution. All fluids 
which did not cause complete hemagg1utinaton at the 1:20 

dilution were arbitrarily assied a titer of 10 for the 
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calculation of geometric means. 
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Table i 
Sample Analysis Used in Comparing Means of Two Experimental 

Groups of Virus Hemagglutinin Titers 
Culture flemagglutlnin Logarithms Deviations Deviations 
numbers titers of titers'° from mean squared 

Group I 

1 120 2.0792 0.16895 0.028544 
2 160 2.2041 0.04405 0.000194 
3 160 2.2041 0.04405 0.000194 
4 320 2.5052 0.25705 0.066075 

8.9926 0.095007 

Group II 
i <20,* 10 1.0000 0.6373 0.406151 
2 40 1.6021 0.0352 0.001239 
3 40 1.6021 0.0352 0.001239 
4 80 1.9031 0.2654 0.070337 
5 120 2.0792 0.4417 0.195099 

8.1865 0.674065 

* Fluids which did not cause complete hemagglutination at 
the lowest dilution titrated (1:20), were arbitrarily as- 
signed a titer of 10. 

MeanofGroupl: 8.9926/4................... 
MeanofGroupll:8.1865/5........ ..... 
Sum of squared deviations, Group I: 
Sum of squared deviaticis, Group II: 
Combinedsuniofsquares: ........ 
Sum of degrees of freedom: (4-1) i (5-1) 
Estimated standard deviation: 

t V0r760072 
. . . ................... 

Standard error of difference between means: 

4 1048' 2 +(0.10482 
- 

'V 
\\ ,J \s '\/ 

,/ 
. . . .......... 

Differencebetweenmeans: ....... ...... 
Difference between means, divided by 

standard error of differaice, gives 
the quotient which is t't": ............ 

2. 24815 
1. 6373 
0. 095007 
0. 674065 
0. 769072 
7 

±0. 1048 

to. 070216 
0. 61085 
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Table 1, continued 

To enter Table of "t", "n" (degrees of freedom) 
for this analysi s is 7, and for tbi s value of "n" 
the table gives: 

P (probability) 0.05 0.02 
"t" 2.365 2.998 

The value of "t" calculated from the data is 8.699, and 
exceeds the value of "t" giv in Fisher's table for 
the 0.05 probability level; it also exceeds the 
value of "t" given in the table for the 0.02 proba- 
bility level. The difference between the means of 
Groups I and II is therefore judged to be highly 
sigifi cant. 
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EXPERIMENTAL RESULTS 

Inhibition Studies Involving 1,2-cyclohexanedione 

Inhibition Studies in the Chick Embryo. The anti- 
viral activity of l,2-cyclohexanedicne, a compound which 

had shown inhibitory activity for Lee influenza virus in 
chick embryo screening tests, was investigated by further 
studies in the chick nbryo. The minimum inhibitory dose 

of the compound was determined by injecting increasing 
amounts into the allantoic sacs of groups of 10-day old 

eggs and injectir, one hour later, a minimal dose of 

virus by the same route. F1ollowing virus inoculation, 
the eggs were incubated 45 hours at 35°C and the allan- 
toic fluids were removed and individually titrated for 
virus hemagglutinin. A dose of 3.5 mg per egg was found 

to exert a marked inhibitory effect cii the growth of Lee 

influenza virus type B, as measured by the amount of 

hemagglutinin produced in eggs receiving injections of 
the compound. The mean of the titers of the control 
egs, which did not receive injections of the compound, 

was approximately six times greater than the mean of the 

titers of the 3.5 rr dose group, as shown in experiment 

I in Table 2. The 3.5 mg dose was effective also in in- 
hibitirig the development of the T'R8 strain of tjpe A 

influenza virus, as shown in Table 3. A dose of 7.0 mg 



Table 2 

Relattc-i of Dosage of 1,2.-Cyclohexanedlone to the Degree of Inhibition of Lee Influa.za 
Virus in the Chick Entrjo 

Experi- 
ment 

Dosage of 
1,2-cyclo- 

hexanedlone 
per egg 

Total 
nurrer 
of eggs 
treated 

Per cent of eggs 

(<20) (20-80) 

showing 

(120-320) 

titers of 
(4B0 or 
above) 

Geometric 
mean of 

all fluids 

I 3.5 mg 19 53 16 21 10 35 

control 16 0 19 50 31 225 

II 2.5 mg 10 10 10 30 50 210 

control 11 0 0 9 81 556 

1. Hemagglutinin titers are expressed as the reciprocals of the highest dilutions 
of allantoic fluids cawing canplete hemagglutinin of chicken red blood cells. 

2. The indicated dose of l,2-cyc1ohexanedie was injected into the allantoic sac. 
One hour later all eggs received 50 EID50 of Lee influenza virus by the same 
route. The eggs were incubated 45 hours at 35°C. 

3. As the lowest dilution titrated was the 1:20 dilution, all eggs which did not 
show complete hemagglutination at this dilution were arbitrarily assigned a 
titer of 10 for the calculation of the geometric mean. 

4. Comparison of the mean values for the hemagglutinin titers of the control and 
3.5 mg groups of experiment I by means of the "t" test (6, pp.153-157), using 
the logarithms of the individual titers, gives a "t" value of 4.24. For the 33 
degrees of freedom, this indicates that the difference oetween the means is 



Table 2, contInued __________ ___________________________________ 

s1gn1fict at the 0.01 probabIlity level. ComparLson of the mean values of the 
control and 2.5 mg groups of experiment II gives a 11t" value of 1.81, which is 
not sIIficant at the 0.05 probabIlity level for the 19 degrees of freedom. 

t', 



Table 3 

Relation of Dosage of l,2-Cyclohexanediae to the Degree of Inhibition of PR8 
Influenza Virus in the Chick Embryo 

Total number Per cent of egçs showing titers of Geometric 
Dosage of 1,2-cyclo- of eggs (480 or mean of 
hexanediorie per egg treated (<20) (20-80) 120-320) above) all fluids 

7.0mg 7 43 0 0 57 111 

3.5 ruìg 15 27 13 0 60 163 

control 18 0 0 0 94 671 

1. Hemag;lutinin titers ar-e expressed as the reciprocals of the highest dilutions 
of allantoic fluids cauziig complete hemagglutination of chicken red blood cells. 

2. The indicated dose of 1,2-cyclobexanedione was injected into the allantoic sac. 
One hour later all egs received 100 EID50 of PRB influenza virus by the same 
route. r1Ihc eggs were incubated 45 hours at 350C. 

3. As the lowest dilution titrated was the 1:20 dilution, all eggs which did not 
show complete hemagglutination at this dilution were arbitrarily assied a titer 
of 10 for the calculatiì of the geometric mean. 

4. Comparison of the mean values 2r' the titers of the control and 3.5 mg groups by 
means of the "t" test (6, pp.153-157), using the logarithms of the individual titers, gives a "t" value of 2.72. For the 31 degrees of freedom, this value of 
"ti' Indicates that the difference between the means is sigpificant at the 0.02 
probability level and is unlikely to be due to chance. A similar comparison of 
the means of the control and 7.0 mg group gives a "t" value of 3.29. ith 23 
degrees of freedom, tb!s value of "t" indicates that the difference of the means 
is siìificant at the 0.01 probability level. r') 
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per egg was slightly more inhibitory to the FR8 virus 

than the 3.5 mg dose; the former, however, was consider- 

ably more toxic and killed the majority of chick embryos. 

A dose of 2.5 rug per egg did not cause sufficient inhi- 
bition of Lee influenza virus to be significant with the 

number of eggs employed, as shown by the results in ex- 

perirnent II n Table 2. Titers shown in Tables 2 and 3 

are those of allantoic fluid from e,s surviving 46 hours 

after injection of the mpound. 

When the 3.5 mg dose of l,2-cyclohexanediae was 

Injected into the yolk sac and the virus inoculum was 

injected into the allantoic sac, there did not appear 

to be a marked inhibition of virus development. The re- 
sults of the yolk-sac experini&ìt are $hown in Table 4. 

This apparent decrease in inhibition resulting from yolk 

sac injectlon of the compcnd, as compared to inhibition 
resultiiig from allantoic sac injection of the same dose, 

suggested that at least a part of the inhibitory activity 
of 1,2-cyclohexanediono depended upon the direct contact 
of the compound with the virus inoculum or with the 

chorioallantoic membrane tissue, or with both. 

Virucidal Effect. The direct virucidal effect of 

1,2-cyclohexanedione was measured by determining the 

effect of the compound upon the infective property of 

the Lee virus. A mixture composed of 2 parts of freshly 



Table 4 

Inhibition of Lee Influenza Virus Growth in the Chick Embryo Resulting from 'yolk Sac 
Injection of 1,2-Cyclohexanediono 
iumber Per cent of eggs showing titers of Geometric 

Dosage of 1,2-cyclo- of eggs (480 or mean of 
hexanedlone per egg treated (<20) (20-80) (120-320) above) all fluids 

3.5 mg 19 63 16 16 5 25 

controls 24 14 57 29 0 56 

1. Hema1utinin titers are expressed as the reciprocals of the highest dilutions 
of allentate fluids cisìng complete hernagglutlnation of chickan red blood cells. 

2. The indicated dose of l,2-cyclobexanedlone was injected into the yolk sac. One 

hour later all egs received 50 EID50 of Lee in1luenza virus b allantoic sac 
injection. Eg were Incubated 45 hours at 35°C. 

3. As the lowest dilution titrated w the 1:20 dilution, all egs which did £;ot 
show complete hemagglutination at this dilution were arbitrarily assigned a titer 
of 10 for the calculation of the geometric mean. 

4. Comparisai of the means of the control and 3.5 mg groups by means of the "t" 
test, (6, pp.153-15?), using the logarithms of the individual titers, gives a 
"t" value of 1.88. At 31 degrees of freedom, this value for "t" is ot signifi- 
cant at the 0.05 probabIlity level. 
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harvested Infective allaritoic fluid, 7 parts of phosphate- 

glycine buffer, arid i part of concentrated 1,2-cyclo- 

hexanedione solution was prepared. The 1,2-cyclohexane- 

dione was present In the mixture at a final concentration 

of 0.8 mg per ml. A control mixture, composed of 2 parts 

of infective allantoic fluid, 7 parts of phosphate- 

glycine buffer, and i part of water, was prepared also. 

The control mixre was titrated for infectivity immedi- 

ately after it was prepared. Aliquots of the control 

mixture were titrated after incubation for 3 hours at 

350C and 0°C. The mixture containing the compound was 

titrated after incubation at 35°C and 0°C. The results 
of Lh:is experiment are shown in Table 5. During incuba- 

tion at 0°C, the infectivity titer of the control mixture 

dropped only 0.1 logarithm unit. Knight (5, pp.437-495) 

has demonstrated that a difference of less than 0.62 

logarithm units between two infectivity titers cannot be 

considered significant at the 0.05 probability level when 

five embryos are used at each dilution. A variation of 

0.1 logarithm unit is not sipificant. The mixture con- 

taming 1,2-cyclohexanedione citained irfect1ve allan- 

toic fluid in the same concentration as that in the con- 

trol preparation and was assumed to have had the same 

initial infectivity titer as the unincubated control. 

After incubation at 0°C, the titer of the preparation 



Table 5 

Measurem&it of the Direct Virucidal Effect of 
Virus 

1,2-Cyclohexanedione for Lee Influenza 

Incubation pH before pH after EID50 
Preparation time and temperature Incubation incubation per ml 

Virus, buffer, and 
water Before incubation .l0 -- 

Virus, buffer, and 
0.8 mg of l,2-ejclo- lO2,0 hexanedione per ml 3 hours, 35°C 8.07 8.10 

Virus, buffer, and 
i3s8 water 3 hours, 35°C 8.10 8.15 

Virus, buffer, ad 
0.8 mg of 1,2-cyclo- 
hexai1edione per ml 3 hours, 0°C 8.07 8.08 

Virus, buffer, and iO7.2 water 3 hours, 0°C 8.10 8.12 

1. Infectivity titers were detenilined by injection oí 0.1 ml of serial tì-fold 
dilutions of virus fluids into groups of six or more eggs per dilution. After 
incubation for 48 hours at 35°C, the presence or absence of infection was deter- 
mined by testing the allantoic fluids for hemagglutinin at a 1:4 dilution. The 
EID50 was calculated from tbis data. 

2. Virus in all preparations was freshly harvested infected allantoic fluid. 
3. All preparations were shown to be free from contaminating microorganisms at the 

end of the experiment. 
a) 
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containing 1,2-cyclohexanedione droped from the assumed 

initial titer of to a titer of a difference 
of 3.0 logarithm units. This is a loss of titer siiifi- 
cantly greater than that which occurred in the control 
preparation incubated at the same temperature snd indi- 
cates that over 99% of the virus had been inactivated. 
The difference between the titers of the two preparations 
incubated at 35°C was siiificsnt also. The 1,2-cyclo- 
hexanedione appeared to have had a directly virucidal 
effect upon Lee influenza virus under the conditis of 

this experiment. 

Effect on Adsorption of Virus Host Cells. The 

effect of 1,2-cyclohexanedione upon the adsorption of in- 
fiuenza virus to choroal1aritoic membrane was tested. 
Freshly liarvested chorloaliantoic membranes were washed 

in buffered saline, coarsely minced, and pooled. The 

minced tissue was placed in tared centrifuge tubez and 

centrifuged. The supernatant fluid was removed and the 

wet weight of the tissue was obtained by difference. Two 

control preparations, containing infected allantoic fluid 
at dilutions of 1:2 ar 1:5, were prepared by mixing the 

infected allantoic fluid with normal allantoic fluid and 

water. Two mixtures containing 0.8 mg of 1,2-cyclo- 
hexanedione per ml were prepared by mixing infected 
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allantoic fluid with normal allantoic fluid and a concen- 

trated solution of 1,2-cyclohexanedione. The dilutions 
of infected allantoic fluid in these preparations corres- 

pond to the dilutions In the control preparations. Both 

control preparations were titrated for hemagglutinin be- 

fore incubation, after incubation, and after incubation 

with the tissue. Both preparations containing the corn- 

pound were titrated after incubation, and after incubatton 

with tissue. The infective allantoic fluid preparations 

were added to the tissue at the rate of one ml per grsni 

of tissue. Table 6 shows the results of the adsorption 

experiment. In the control and compound preparations 
containing the 1:2 dilutions of infected fluid, there was 

no significant loss of hemagiutinin during incubation, 

as was demonstrated by the cornparison of their hernagglu- 

tiniri titers to that of the cntrol preparation which had 

not been incubated. Comparison of the titers of prepara- 
tions incubated with tissue to those of preparations in- 
cubated without tissue Indicates that approximately 50 

to 75 per cent of the hemagglutinin was adsorbed to the 

tissue in both the ccntrol preparatLon and the preparatLon 

containing the compound. In the 1:5 preparations the 

degree of adsorption appears to bave beer! between 85 and 

90 per cent. In neither case was there any indication 
that the compound bad a siifict effect upon the 



Table 6 

Investigation of the EfÍect of 1,2-Cyclohexanedione upì the Adsorption of Lee 
Influenza Virus to the Chorioallantoic Membrane in Vitro 

Dilution of the 
infected fluid 

Concentraticn of 
1,2-cyclohexanedione 

Incubation 
timo 

Tissue 
present 

Hemagglutinin titer 
1:2 0 Before incu- O 240 

bation 
1:2 0 30 minutes 0 240 
1:2 0.8 mg per ml 30 minutes 0 160 
1:2 0 30 minutes 1.0 gm per ml 60 
1:2 0.8 mg per ml 30 minutes 1.0 gin per ml 80 

1:5 0 Before incu- O 80 
bati on 

1:5 0 30 mInutes 0 80 
1:5 0.8 mg per ml 30 minutes 0 80 
1:5 0 30 minutes 1.0 gin per ini 10 
1:5 0.8 ing per ml 30 minutes 1.0 gin per ml 10 

1. Hemaggiutinin titers are expressed as the reciprocals of the highest dilutions 
of preparations causing complete hemagglutination of chicken red blood cells. 

2. The tissue was freshly harvested chorloallantoic membrane which had been washed 
five times In sterile buffered saline and had been aseptically weighed. 

3. Inaibation was carried out at 35°C in a water bath with occasional agitation. 
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adsorption process. 

Inhibition in Tissue Cultures. Table 7 shows the 

results of &ì experiment in wnich several concentrations 
of 1,2-cyclohexanedione were tested for inhibitory effect 
against two virus inocula in tissue culture. A tenfold 
difference in the concentration of the virus inoculum 

appeared to have had only a very s1iht effect on the 

titers obtained from ti-e ccrìtrol tissue cultures. Con- 

centrati.s of 0.4 and 0.8 mg of 1,2-cyclohexanedione per 

ml in tissue culture fluids produced significant inhibi- 
tion of virus deve1opmt. At between 15 and 24 hours 

incdation of the tissue in these concentrations of the 

compound, the tissue began to assume a somewhat abrorm1 
appearance. After 45 hours incubation the tissue appeared 

yellow and flaccid ar the blood vessels were no longer 
visible. In control cultures the tissue retained its 
pink, curled appearance and the blood vessels were 'till 

visible after 45 hours incubation. 
It sened not unlikely that these gross morphologi- 

cal changes in the tissue might be accompanied by per- 
nianent celinlar changes which rendered the tissue in- 
capable of supporting normal development of the virus. 
Table B shows the results obtaIned when tissue was ex- 

posed to the minimum inhibitory concentration of the 



Table 7 
Relation of l,2-Cyclohexanedione Concentration to the Degree of Inhibition of Lee-R 

Influenza Virus in Tissue Culture 
Virts hemagglutinin titers of bissue cul- 
ture fluids containing the following con- 
centrations of 1,2-cyclohexanodione: 

EID50 per ml in culture Culture 0.8 m 0.4 mg 0,2 mg 
fluids before incubation number per ml per ml per ml control 

1 <20 <20 20 30 
2 <20 20 40 30 
3 <20 20 40 40 

2.0 x 4 <20 30 40 40 
5 -- 30 40 60 
6 - - 30 40 120 
7 - - 30 40 -- 
8 -- 40 40 -- 

Geometric 
mean 10 37 47 

1 <20 <20 30 30 
2 <20 <20 30 40 
3 <20 <20 30 40 

2.0 x 106 4 30 20 40 80 
5 - - 30 40 80 
6 -* 40 60 160 
7 -- 40 120 -- 
8 -- 60_ 240 -- 

Geome tric 
mean 13 22 55 61 

1. Hemagglutinin titers are expressed as the reciprocals of the highest dilutions 
of culture fluids causing complete hemagglutination of chicken red blood cells. 

2. As the lowest dilution titrated was the 1:20 dilution, all fluids which did not 



Table 7, contInued 

show complete hemagjutlnation at this dilution were arbitrarily assied a titer 
of 10 for the calculation of the geometric mean. 

3. Tissue cul. tires were inoculated with virus and then incubated 45 hours at 35°C on 
a re cip ro ca ting shaker. 

4. ComparIson of the mean values of the titers of each of groups Inoculated with 2.0 
X l0 EID with the mean values for the corresponding group inoculated with 2.0 
X 106 EID50 by means of the 'tt" test (6, pp.153-157), using the logarithms of the 
individuaI titers, gives ttttl values between 0.35 and 1.56. None of these values 
of "t" is significant at the 0.05 probability level with the nuthber of degrees of 
freedom allowed in each case. 

5. ComparIsci of the mean of the control titers with the means of the titers of the 
0.8, 0.4, and 0.2 ng groups by means of the "t" test gives "t" values of 3.74, 
2.73, and 0.00 for the groups Inoculated with 2.0 X 10 EID0 per ml. For the 
degrees of freedom allowed In each case, the "t" values of the 0.8 and 0.4 mg 
group comparisons are significant at the 0.05 probability level; that of the 0.2 
mg group is riot significant at this probability level. In a similar comparison 
for the groups inoculated with 2.0 x i0 EID50 per ml the 0.8 ni "t" value is 
5.67, the 0.4 mg "t" value is 2.53, and the 0.2 mg "t" is 1.13. Again the 
values of "t" for the 0.8 ancA 0.4 mg groups are significant, while that of the 
0.2 mg group is not. 

CA 
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Table 8 
Effect of l,2-Cyclohexanedll one upon Chorioail&itoic Tissue as Measuxd by tl Ability of the Tissue to 
Support Virus Growth When the Compound I s Removed 

Group 

i 

3 

Hemagglut min 
Treatment of tissue cultures titers 
Tissues were incubated for 23 hours at 40 
35°C in nutrient fluid containing no 1,2- 80 
cyclohexaredione, washed Ghree times in 80 nutrient fluid, and placed in fresh nu- 120 trient fluid wi thout 1, 2-cyclohexariedione. 120 
The tissue cultures were inoculated with 120 4.8 x l0 EID50 of Lee-h influenza virus 120 
per ml. Tissue cultures were then incu- 160 
bated for 45 hours at 35°C. 320 

320 
Geometric mean 124 

Tissues were incubated for 23 hours at <20 
35°C in nutrient fluid containing 0.4 mg <20 
of 1,2-cyclohexanedione per ml, washed <20 three times in nutrient fluid, and placed <20 again in fresh nutriìt fluid containing <20 0.4 mg of l,2-cyclohexanedione per ml. <20 
The tissue cultures were inoculated with <20 
4.8 X EID50 of Lee-R influenza virus <20 
per ml and then incubated for 45 hours <20 at 35°C. <-20 

Geometric meai 10 

Tissues were incubated for 23 hours at <20 
35°C in nutrient fluid containing 0.4 mg <20 
of 1,2-cyclohexanedione per ml, washed <20 
three times in nutrient fluid, and placed <20 
In fresh nutrient fluid without 1,2- <20 
cyclohexanodione. The tissue cultures were <20 
inoculated with 4.8 x i0 EID50 of Lee-fl <20 
Influenza virus per ml and then incubated 20 for 45 hours at 35°C. <20 

<20 
Geometric mean 10 

1. Hemagglutinin titers are expressed as the reciprocals of the highest dilutions of nutrient fluids causing complete hemagglutination of chicken red blood cells. 



32a 

Table 8, continued 

2. As the lowest dilution titrated was the 1:20 dilu- 
tion, all fluids which did riot cause complete 
hernagglutination at this dilution were arbitrarily 
assigned a titer of 10 for the calculation of the 
geometric mean. 
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compound for 23 hours and then was well wasiied before 

virus Inoculation. No virus hemaggiutiriin was detected 

in such cultures 45 hours after inoculation, even though 

the compound was not present In the culture fluid during 

this second incubation perIod. Control cuiiros sImilar- 

ly treated, but not exposed to the compound duirg either 
Incubation period, produced noinal yields of virus hemag- 

glutinin. The 23 hour exposure to 1,2-cyclohexanedione 

appearod to have interfered with the abilIty of the 

tissue to support virus growth. 

Mouse Tests. The maximum tolerated intraperitoneal 
dose of 1,2-cyclohexanedione was found to be 1.2 gin per 

kilogram, indicating a very low degree of acute toxicity 
for the mouse. This was the dose of compound which, when 

administered twice daily for a period of three days, was 

not lethal to more thì one of the three mice treated. 
This dose of compound was tested for abilIty to inhibit 
growth of Lee influenza virus in the lungs of infected 

mice. Br±efly, the five mice were injected with the mexi- 

mum tolerated dose of compound and inoculated a few hours 

later with virus. The mice were then injected with the 

same dose twice daily during the remainder of the three 

day period. DetaIls of the method have been iven pre- 

viously. The five mice in the caitrol group received 
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injections 01 water and were inoculaLed with the sorne 

ount of virus. On a weight/volume basis, the pooled 

lung material from the control mice had a hemagglutinin 

titer of 80; that of the m.ce which received tne compound 

had a titer of 10. There was no detectable inhibition 

of virus development by 1,2-cyclohexanedione under the 

cid1tions of this test. Peak cìcentrations of the corn- 

pound in the mouse tIssues ol1ow1ng an injection could 

have been as hiwi as 1.2 rì per gram of tissue. In the 

egg, assuming tti ail of the compound remained in the 

ailantoic f1id after njection, the concentration of the 

compound prooab1 2arel excecied 1.0 ng per l when the 

dose given was 3.5 mg per egg. 

Inhibitiou Studies In\'olv1n 2,8-dithio-6-oxypurIre 

Inhibition in the Chick Embryo. The dosage of 2,8- 

dithio-G-oxypurine found to cause a siificant degree of 

inhibition of Lee influenza vinas development in the 

chick embryo was 12.5 mg per egg. There appeared to be 

some inhibition at the 6.25 mg dosage level, but this was 

not significant with the nunter of eggs used. The re- 

sui ts of an experiment , in wbi ch increas in g amounts of 

the compound were tested for inhibitory effect upon Lee 

influenza virus, are shown in Table 9. In this 

experiment the compound was injected into the allantoic 



Table 9 

Relation of Dosage of 2,8-Dithio-6-oxypurine to the Degree of Inhibition of Lee 
Influenza Virus in the Chick Embryo 

Dosage of Total 
2,8-dithio- number Per cent of eggs showing titers of 
6-oxypurine of eggs (320 or Geometric mean 
per egg treated k20) (20-60) (80-240) above) of all fluids 

12.50 mg 10 50 0 40 10 38 

6.25 mg 10 10 10 20 60 174 

3.12 mg 10 0 0 10 90 602 

control 8 0 0 13 87 554 

1. Hemagglutinin titers are expressed as the reciprocals of the highest dilutions 
of aflantoic fluids causing complete Lemaggiutination of chicken red blood cells. 

2. As the lowest dilution titrated was the 1:20 dïlution, all eggs which did not 
show complete hemagglutination at this dilution were arbitrarily ass1ied a 
titer of 10 for the calculation of the geometric mean. 

3. The indicated dose of 2,8-dithio-6-oxypurine was injected into the allantoic sac. 
One hour later all eggs received 100 EID50 of Leo influenza virus by the same 
route. All eggs were incubated 45 hours at 35°C. 

4. ComparIson of the means of the control and 12.5 mg groups by means of bhe "t't 

test (6, pp.153-157), using the logarithms of the individual titers, gives a "t" 
value of 5.15. For the 16 degrees of freedom, this value of "t" indicates that 
the difference between the means is siificant at the 0.01 probability level. 
Compariscri of the mean of the control group with the means of the 6.25 mg and 
3.12 mg groups gives "t" values which are not significant at the 0.05 probabi]ity 
1 e ve i. 
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sac. This was followed, one hour later, by an lnjecticn 
of virus into the allantoic sac. The egs were thì in- 
eubated 45 hours t 5°C. After incubation, the allan- 
toic fluids were removed id irividually titrated for 
hemagglutinin. The ge orne trio mean of the t;i ters of the 

control group eggs was approximately 15 tImes greater 
than the mean of the titers of egs vthich received the 

12.5 mg dose of the compound. 

The results sho in Table 10 indicate that the 12.5 

mg dose of the compound was less effective in inhibiting 
virus development when administered by the yolk-sac route 

than when administered by the allantoic route. The mean 

of the titers of ego's receiving 12.5 mg of' the compound 

by the yolk-sac route and virus by the allantoic route 

was 266; the meì of titers of eggs receiving both the 

virus Inoculum and the 12.5 mg dose by the allantoic 
route was 55. The failure of tis dose of compound to 

inhibi t virus deve lopmeri t si gril fi can tly then adminis tered 

by the yolk-sac route suggested that the presence of the 

compound in the ailantoic sac might be a necessary condi- 

ti for inhibitii, either because of a directly viru- 
cidal effect of the compound or because of a direct effect 

of the compound upon the chorioallantoic tissue. 

ffect upan Adsorption of Vin.3.s Host Celi s. Tt 

procedure used in testing the effect of 2,8-dithio-6- 



Table 10 
Investigation of the Effect of Allantoic and Yolk Sac Injection of 2,8-Dithio-6- 

oxypurine upon the Growth of Lee Influenza Virus in the Chick Embryo 
Dosage of Total 
2,8-dithic- number Per cent of eggs showing titers of 
6-oxypurine of eggs (80 or Geometric mean 
per egg treated (<20) (20-80) (120-320) above) of all fluids 

Yolk sac 
12.5 mg 9 0 0 89 11 266 

Allantoic sac 
12.5 mg 7 43 0 57 0 55 

Control B 0 0 75 25 330 

1. Hemagglutinin titers are expressed as the reciprocals of the highest dilutions 
of allantoic fluids causing complete hemagglutination of chicken red blood cells. 

2. As the lowest dilution titrated was the 1:20 dilution, all eggs which did not 
show complete hemagglutination at this dilution were arbitrarily assiied a 
titer of 10 for the calculation of the geometric mean. 

3. The eggs were injected with 2,E-dithio-6-oxypurine either by the yolk sac or 
allantoic sac route. One hour later all eggs received 100 EID50 of Lee influ- 
enza virus by the allantoic route. The eg;s were incubated for 45 hours at 350C. 

4. Comparison of the means of t1 allantoic 12.5 mg group and the control group by 
means of the "t" test (6, pp.153-157), using the logarithms of the individual 
titers, gives a ttttt value of 3.07. For 13 degrees of freedom, this value f 'et" 
is significant at the 0.01 probability level. Comparison of the yolk sac 12.5 
ing group mean with the mean of the ccritro group gives a 't" value of 1.06. For 
tÏïe 15 degrees of freedom, this value of t indicates that the difference between 
the means of these groups Is not significant at the 0.05 probability level. 
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oxypurine upon the adsorption of virus to chorloallantoic 
t1sue was similar In most respects to that used in the 

adsorption experiment with 1,2-cyclohexanedione, except 

that in the experirnt with 2,8-dith10-6-oypurine the 

concentrated solution of the compc*ind was sterilized by 

boi1ng and was added to the mixture of :orrna1 arid in- 
fected allantoic fluids to give a final concentration of 

2.5 nie; er ml. Where the 1:2 dIlution of virus wa used, 

in both the control preparatIon and the preparation cori- 

t am in the e omp ound , the ad s or p tI on o f vi rus he rn agglu tirdn. 

to the tissue approaehed 80 per cent. Results of this 
experimen t are shown in Table il In the saris experimt, 
where the 1:5 virus diiuon was used, in both the COIl- 

trol preparation and that containing the compourd, the 

adsorption of hemagglutinin to the tissue exceeded 90 

per cent. There was no indication in either case that 
the compound interfered with the adsorption of virus 
heniagglutinin to the tissue when the compound was present 
at a concentration of 2.5 mg per ml. 

Virucldal Effect. The effect of 2,8-dithio-6- 
oxpurine on the 1nfectivi of Influenza vIrus was used 

as a measure of the virucidal activity of the compound. 

A control preparation containing one part of Lee virus 

infected allantoic fluid, seven parts of phosphate-glyc.Ire 



Table il 
Investigation of the Effect of 2,8-Dithio-6-oxypurine upi the Adsorption of Lee 

Infinza Virus to the Corioallantoic Membrane in Vitro 
Diluti on of the Concentra on of Incubation Tissue Hemagglutinin 
infected fluid 2,8-di.thio-6-oxypurine time present titer 

1:2 0 Before incu- O 160 
b a on 

1:2 0 30 mInutes O 160 
1:2 2.5 mg per ml 30 minutes O 120 
1:2 0 30 minutes 1.0 gin per ml 30 
1:2 2.5 mg per ml 30 minutes 1.0 gin per ml 30 

1:5 0 Before incu- 0 40 
b at i ori 

1:5 0 30 minutes 0 40 
1:5 2.5 mg per ml 30 minutes 0 30 

1:5 0 30 minutes 1.0 gm per ml <4 
1:5 2.5 mg per ml 30 minutes 1.0 gin per ml <4 

1. Hemagglutinin titers are expressed as the reciprocals of the 
of preparations causing complete hemagglutination of chicken 

highest dilutions 
red blood cells. 

2. The tissue was freshly harvested chorloallantoic menbrane which had been washed 
five times in sterile buffered saune and ha been asepca13y washed. 

3. Incubation was carried out at 35°C in a water bath with occasional agitation. 
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buffer, arid two parte of water we prepared. This was 

titrated for 1nfeetivitT before Incubation, Aliquots of 
this preparat1i were titrated again for infectivity 
after incubation for one hour at 5OC and 00C. A prepara- 

tion containing one part of infected a1Iatoic fluid, 
seven parts of phosphate-glycine buffer, arid two parts 
of concentrated solution of the compound was also pre- 

pared. The final concentration of the compound in the 

mixture was 2.5 mg per ml. The mixture was titrated for 
Infectivity after Incubation at 35°C and 0°C. The re- 
suits of tbis experiment are shoi in Table 12. Compari- 

son of the irfect1vity titers of the control preparation 
and the preparation containing compound, which were both 

incubated for one hour at 350G, indicates that the pres- 
ence of the compound did not reduce the infectivity titer 
of the fluid. In the preparation incubated at 0C there 
appeared to have been no loss of infectivity which could 

be attributed to the presence of the compound. As the 

2,8-dithio-6-oxypurine did not appear to have affected 
the infectivity of the virus during a one-hour exposure 

period, the effect of the compound upon infectivity 
during a longer incubation period was investigated. Two 

parts of Lee-H virus infected allantoic fluid mixed with 
six parts of phosphate-glycine buffer and or.e part of 

water' served as the control preparation. A mixture 



Measurement of Direct 
Table 12 

Virucidal Activity of 2,8-Dithio-6-oxypurine for Lee 
Influenza Virus 

and Lee-fl 

Incubation pH before p1-I after EID50 
Preparation time and tpature incubation incubation per ini 

Lee virus, buffer, and 
water Before incubatIon 8.02 -- 105.0 

Lee virus, buffer, and 
2.5 mg ot 2,8-ditbio- 
6-oxypurine per mi 1 hour, 35°C 8.01 8.02 106.5 

Lee virus, buffer, and 
water 1 hour, 35°C 8.02 8.03 106.2 

Lee virus, buffer, and 
2.5 mg of 2,8-dithio- 
6-oxypurine per ml 1 hour, 0°C 8.01 8.02 108.0 

Lee virus, buffer, and 
water 1 hour, 0°C 8.02 8.02 107.2 

Lee-H virus, buffer, and 
water Before incubation 8.03 -- 108.8 

Leo-H virus, buffer, and 
2.5 mg of 2,8-dithio- 
6-oxypurlrie por ml 26 hours, 35°C 8.06 8.08 iO3.0 

Lee-H vinis, buffer, and 
water 26 hours, 35°C 8.03 8.05 104.6 

-J 



Table 12, continued 

1. Infectivity titers were determined by injection of 0.1 ml of serial ten-fold 
dilutions of virus fluids into groups of six or more eggs per dilution. After 
incubation at 35°C for 48 hours, the presence or absence of infection was de- 
termined by hemaglutinat.oi at a 1:4 dilution. The EID50 was calculated from this data. 

2. Virus in ali preparations was freshly harvested allantoic fluid. 
3. All preparations were shown to be free from contn1nat1ng microorganisms by sterility tests at the &id of the experiment. 
4. Inspection of the infectivity titers of the control fluid in experiment I, before 

and after incubation, shows tI.t the laitial titer was apparently too low. The 
reason for this is unknown. 

I-i 
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coitan1xig two parts f vixts infected a11nto1c fluid, 
;ix parts cf phosphate-1ycine buffer, and two parts of 

a concentrated solutl containing 12.5 mg of the compound 

per ml was also prepared. The control mixtm'o was ti- 
trated for infect vity h efore iricu'ation and after incu- 
bation at 35°C for 26 hours, The mixture containing the 

conipound was titrated after flïcubation at 350m for 26 
hours. Durn Incubation the titer of the control prep- 

aration dropped .2 1oarithm wilts, while the titer of 

the preparaio coniainin compound dropped more than 

5.8 1oarithnt unite. The difference of more tha 1.6 

logarithm urits between the control aad compound mixtures 

is considered siiificant when live or more es are used 

or each dilutiii In the titration (5, pp.487-495). prom 

the resuïo of the$e two exper.ments it appeared t1t 
2,8-dithio-6-oxypurine was ot rapi1y virucidal but that 
prolonged exposure of the virus to the compound did re- 

sult in a loss of infectivity greater than tlt In the 

control preparati on. 

InhibitIon In Tissue Cultures. The 2,E3-dlthio-6- 

oxypurine was tested for inhibitory activity for Lee and 

Lee-R influenza viruses in tissue cultures. The results 
of tio tissue culture experiments are shown in Table 13. 

I experiment I each ssue culture was iocu1ated with 



Table 13 
Relation of Concentraticzi of 2,8-Dithio-6-oxrpurine to the Degree of Inhibition of 

Lee and Lee-H Influenza Virus in Tissue Culires 
EID50 of Virus hemagglutinin titers of tissue 
virus per culture fluids containing the following 
ml in concentrations of 2,8-dithio-6-oxypurine 

Experi- tissue Culture 2.0 mg 1.0 mg 
ment culture nurn per ml per ml control_ 

1 <20 <20 20 
2 <20 <20 20 

Lee virus 3 <20 20 30 
4 <20 <20 40 

4.8 x 5 <20 <20 40 
6 <20 40 60 
7 <20 60 80 
8 20 60 80 
eometric mean 10 19 42 

i <20 320 
2 20 80 320 

Lee-H virus 3 40 80 480 
II 4 40 120 640 

1.5 x 106 5 60 160 640 
6 60 160 640 
Geometric mean 32 108 484 

1. Hemagglutinin titers are expressed as the reciprocals of the highest dilutions 
of tissue culture fluids causing complete hemagglutination of chicken red blood 
cells. 

2. As the lowest diiutil titrated was the 1:20 dilution, all fluids which did not 



Table 13, continued 

cause complete hemagglutinatori at this dilution were arbitrarily assiìed a 
titer of 10 for the calculation of the geometric mean. 

3. Tissue cultures were Inoculated with virus and then incubated for 45 hours at 
35°C in experiment I. In experinnt II the incubatIì period was 46 hours. 

4. Comparison of the means of the 2.0 mg and the control group in experiment I b 
means of the "t" test (6, pp.153-157), usIng the logarithms of the individual 
titers, gives a "t" value of 9.84. For tIe 14 degrees of freedom, this value 
of "t" indicates that the diV ferice between the means is significant at the 0.01 
probability level. Comparison of the nans of the 1.0 mg and the control group 
gives a tttfl value of 1.62 which is riot significant at the 0.05 probability level. 
In experiment II the comparison of the mean of the control group with that of the 
2.0 mg and 1.0 mg groups gives "t" values of 8.11 and 8.02 respectively. For the 
10 degrees of freedom in each of these cases, the values obtained for "t" indi- 
cate that the differences between the mean of the control group and those of the 
1.0 and 2.0 mg groups are sI3nifIcant at the 0.01 probability level. 
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4.8 x EID50 of ieee influenza virus per ml. A 11fi- 
cant Inhibition of virus growth was r1oted in tissue cul- 

tures containing 2.0 mg of the compound per ml but rot in 
those containing 1.0 mg per ml. I experiment II, also 

shown In Table 13, each tissue culture was irocu1atec1 

with 1.5 x 106 F'TD5 of Lee-R ir,fl',enza virus ner nil. In 

this ecperiuit there wa sii1ficant Inhibition t both 

the 2.0 and 1.0 m, cocentration levl. The reu1t3 of 

these two eperiîtents illustrate that the ieRsurable in- 
hibit on produced by a ven conoentrat on of the cov- 

pound is rot 'eces3arily conztsnt when other conditions 
are varied. 

In a third experiiment four levels of Lee-s virus 

inoculiim vere tested for their effect upon the decree of 

Inhibition produced by the 1.0 iîg per ml concentration of 

the coitpound. The results of this experiment are shown 

in Table 14. At a concentration of 1.0 xn per l, the 

compound produced a significant InhibItion at all four of 
the virus inoculurn levels. There did not appear to be a 

greater degree of inhibition in tissue cultures receiving 
a dilute virus inoculum than in tissue cultures receiving 

a concentrated inoculum. 

The ability of the chor±oallantoic membrie tissue 
to support virus development, after exposure of the tis- 
sue to the compound, was investigated. The tissues were 



Table 14 
The Effect of V1ru Inoi1um Concentration upon the Inhibitory Activity of 

2,8-Dithio-6-oxypurine for Lee-I Influenza Virus in Tissue Culture 
Concentration Hemagglutinin titers of tissue cultures which received 
of 2,8-dithio- the following virus inocula: 
6-oxypurine Tissue 1.5 106 1.5 x 1O 1.5 x iO 1.5 x in the tissue 
cultux fluid 

culture 
number EID50 per ml Efl)50 per ml EID50 per ml E:1D50 per ml 

1 30 30 20 <20 
2 60 40 40 20 
3 60 40 40 30 

1.0 mg per ml. 4 60 40 40 40 
5 80 60 60 40 
6 80 80 90 40 

Geometric 
mean 59 46 41 2? 

1 80 60 40 60 
2 80 80 (30 60 
3 160 80 80 60 

control 4 240 120 80 80 
5 240 120 120 80 
6 320 120 120 120 

Geometric 
mean 163 93 78 74 

Ratios of catrol titer 
means to means of titers 
of cultures containing 
2,8-dithio--6-oxypurine 2.8 2.0 1.9 2.7 

(n 



Table 14, conttnued 

2. As the lowest dilution titrated was the 1:20 di1uton, all fluids which did not 
cause complete hemagg1tination at this dilution were arbitrarily assigned a titer of 10 for the calculation of the geometric mean. 

3. Following inoculatizrì with the designated concentraton of virus, the tissue 
cultures were incubated 45 hours at 35°C on a reciprocating shaker. 

4. Comparison of the means of the tissue culture titers of the ;roups containing 
2,8-dithio-6-oxypurine with the means of the tissue culture titers of the cor- 
responding controls hy means of the "t" test (6, pp.153-157), using the 
logarithms of the indIvidual titers gave the following values for "t": 
(1.5 x 106 F1D50) 3.60, (1.5 x i0 EID50) 3.86, (1.5 x i0' FTP50) 2.72, 
(1.5 x EID0) 4.70. For the nuiiiber of degrees of freedom allowed in each 
case, these values for "t" indicate that the difier&ices between the means 
were significant at the 0.05 probability level. 

cJ' 



incubated In :utrient fluid containing 1.0 mg of the corn- 

pound per mi. After 12 hours, the ti8sues were washed 

thoroughly, placed fresh nutrient fluid without corn- 

powid, arid 1oculated with the virus. After 45 hours in- 
cubation the fluids were removed, poolsd, and the pools 
titrtd for hemaglutinin. The pools of fluids of two 

control groups of tissue cultures were also titrated. 
One group of control tissue cu1ties was exposed to the 

minimum inhibitory conceiitraton of the compound during 
both Incubation periods; the other control group was not 
exposed to the compound. The results of this experiment 

are shown in Table 15. The titers of the pool of control 
fluids from tissue ciltures incubated without the corn- 

pound is the seme as that of the pool of fluids from 

tissue cul tures exposed to the compound during the pre- 

lirninary i . eubation period. These titers were four times 

greater than that of the pool of fluids expoec1 to the 

compound during both incubatic periods. These results 
suggested that th cornpoimd did not rapidly destroy the 

ability of the tissue to support virus development. In 

a second experiment of this type, the ability of the 

tissue to support virus growth, after a 24 hour exposure 

to the compound, was investigated. The results of this 
experiment, shown in Table 16, suest that the tissue 
was ot able to support normal virus growth after thi s 
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Table 15 
Effect of 2,8-Dithio-6-oxypurine upon Chorioallantoic 
Tissue as Measured by the Ability of the Tissue to 
Support Virus Growth When the Compound Is Removed 

Heiagg1utinin 
Group Treatment of tissue cultures titers 

Tissues were incubated for 12 hours at 
35°C in nutrient fluid containing no 
2,8-dithio-6-oxypurine, washed three 
times in nutrient fluid, and placed in 
fresh nutrient fluid without 2,8-dithio- 
6-oxypurine. Tissue cultures were then 
inoculated with 1.5 x 106 EID50 of Lee-R 
influenza virus per ml and incubated 45 
hours at 35°C. 

Pool of fluids from 8 cultures: 160 

Tissues were incubated for 12 hours at 
35°C in nutrient fluid containing 1.0 mg 
of 2,8-dithlo-6-oxypurine per ml, washed 
three times in nutrient fluid, and placed 

II in fresh nutrient fluid containing 1.0 mg 
of 2,8-dithio-6-oxypurine per ml. The 
tissue cultures were inoculated with 1.5 
x 106 EID50 of Lee-R influenza virus per 
ml and incubated 45 hours at 35°C. 

Pool of fluids from 8 cultures: 40 

Tissues were incubated 12 hours at 3500 
in nutrient fluid containing 1.0 mg of 
2,8-dithio-6-oxypurine per ml, washed 
three times in nutrient fluid, and placed III in fresh nutrient fluid containing no 
2,8-dithio-6-oxypurine. The tissue cul- 
tures were inoculated with 1.5 x 106 
EID50 of Lee-R influenza virus per ml and 
incubated for 45 hours at 35°C. 

Pool of f1ui from B cultures: 160 

Dummy tube containirg fluid only, inocu- 
lated with 1.5 x 10 EIDç Of Lee-fl 
influenza vinis per ml, htrated before 
incubation: <20 
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Table 16 

Effect of 2,8-Dithlo-6-oxypurine on Chorloallantoic 
Tissue as Measured, by the Ability of the Tissue to 
Support Vïnis Growth When the Compound Is Removed 

Remagglu ti nm 
Grou,p Treatment of tissue cultures titers 

Tissues were incubated for 24 hours at <20 
35°C in nutrient fluid containing no <20 
2,8-dithio-6-oxypurine, washed three 40 
times in nutrient fluid, and placed in 40 fresh nutrient fluid without 2,8-dithio- 60 6-oxypurine. The tissue cultures were 60 then inoculated with 1.5 x 106 EID50 of 80 
Lee-R influenza virus per ml and th&i 120 incubated 45 hours at 35°C. 

Geometric mean 39 
Tissues were incubated for 24 hours at <20 
35°C in nutrient fluid containing 1.0 mg <20 
of 2,8-dithio-6-oxypurine per ml, washed <20 
three tine s in nutri en t fluid, and then < 20 II placed in fresh nutrient fluid contairuing K20 
1.0 mg of 2,8-dithio-6-oxpurine per ml. <20 
The tissue cultures were inoculated with <20 
1.5 x 106 EID50 of Lee-R influenza virus <20 
per ml and then incubated 45 hours at 35°C. 

Geometric mean 10 
Tissues were incubated 24 hours at 35°C <20 
in nutrient fluid containing 1.0 mg of <20 
2,8-dithio-6-oxypurine per ml, washed <20 
three times in nutrient fluid, and then <20 
placed in fresh nutrient fluid containing <20 
no 2,8-dithio-6-oxypurine. The tissue 30 
cultures were inoculated with 1.5 X 106 30 
EID50 of Lee-R influenza virus per ml 30 
and incubated 45 hours at 35°C. 

Geometric mean 20 

1. Hemagglutinin titers are expressed as the reciprocals 
of the highest dilutions of tissue culture fluids 
causing complete hemagglutination of chicken red 
blood cells. 

2. As the lowest dilution titrated was the 1:20 dilu- tion, all fluids which did not cause complete hemag- 
glutination at this dilutii were arbitrarily assiied a titer of 10 for the calculation of the 
geometric mean. 



prolonged exposure to the minimum inhibitory concentra- 
tion of the compound. 

Attempts to Reverse Inhibition. Although the ability 
of the compound to slowly inactivate the infective 
property of the virus and to decrease, within 24 hours, 

the ability of the tissue to support vinis grovdth would 

perhaps, in itself, explain the entire inhibitory effect 
of the compound, the structure of the compound and its 
relationship to naturally occurring purine derivatives 
presented the possibility that a part of the inhibitory 
activity of the compound miit be the result of an 

antagonism to natural purine der'ivatives posstbly involved 

in the metabolism of viral nucleic acids. To investigate 
this possibility, naturally occurring purine derivatIves 
wore added to tissue culture fluids containing the mini- 

mum inhibitory concentration of 2,8-dithio-6-oxypurire. 
In each case, the maximum concentration of the compound 

teEted in tissue cultures was approximately one-half the 

maximum solubility of the compound in glucosol adjusted 
to between pH 6.8 and 7.1. These concentrated glucosol 
solutions containing purine compounds were sterilized by 

filtration through ultrafine porosity sintered glass 
filters. Suitable dilutions were prepared in glucosol 
after filtration. The 2,8-dithio-6-oxypurine was prepared 
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a a corcentrated solution of 2.0 în per ml itt buffer. 

This vas sterilized in a water bath at 1000C for 25 min.0 

utes. Just before use, the concentrated 2,8-ditblo-6- 
oxypurine o1ut1on was mixed with ari equal volume of the 

g1ucoso:I solution coritathing the purine conpourd. Two 

control fluids were: (A) nutrient fluid only and (B) nu- 

trient fluid contatriing 1.0 mí of 2,8-dithio-6-oxypurine 

per ml. T'ne results of several experiments in which at- 
tempts were made to reverse, by the use of purine deriva- 
tives, the inhibition of virus development caused b 

2,8-dithio-6-oxypurine are sho in Tables 17, 18, and 

19. Neither adenine nor adenosine, at the concentrations 

tested, save an eviaence of reversing the inhibitii. 
The results of experiment I in Table 18 seemed to indi- 
cate that adenylic acid might have exerted some reversing 

effect but tiis was not confirmed by the results of ex- 

periment II. A third experiment with adenylic acid gave 

results similar to those of experiment II. Because of 

its relative insolubility, guarìlne was not tested for 

reversing activity; guanosine and uanylic acid were 

tested. As the results sho in Table 19 indicate, 
neither of these compounos, in the concentrations tested, 
appeared to reverse the activity of 2,8-dithio-6-oxypurine 

to any i.ifi cant degree. The final pH of the tissue 
culture fluids containing purino compounds was very 



Table 17 
Inhibl tion of Lee-fl Influenza Virus Grth by 2,8-Dithio-6-oxypurine: 

Attempted Reversal by Adenine and Adenosine 

Tiemagglutinin titers of tissue culture fluids inoculated with 1.5 x iO 
Eli)50 of Lee-Ii influenza virus per ml 

Control A Control B Nutrient fluids contaIning 1.0 mg of 2,8-dlthio- 
Nutrient 6-oxypurine per ml plus the following: 
fluid plus 
1.0 ing of Adenine Adenosine 2, 8-dlthio- 

Nutririt 6-oxrpurine ________________________ ________________________ 1.0 mg 0.5 mg 0.25 mg 5.0 mg 2.5 mg 1.25 mg 
Number fluid per ml per ml per ml per ml per ml per ml per ml 

1 120 40 <20 <20 20 <20 <20 <20 
2 120 40 <20 20 40 <20 30 20 
3 160 40 <20 20 40 <20 30 40 
4 160 60 <20 30 60 <20 30 40 
5 160 60 <20 40 60 <20 40 40 
6 320 80 20 60 60 <20 60 80 
Geometric 

me 162 51 11 26 44 10 29 32 

1. 1-lemagglutinin titers are expressed as the reciprocals of the highest dilutions 
of fluids causing complete hemagglutinat-Lon of chick&i red blood cells. 

2. As the lowest dilution titrated was the 1:20 dilutIon, all fluids which did not cause complete hemagglutination at this dilution were arbitrarily assigned a titer of 10 fr the ca1cu1aon of the gmetric mean. 

3. After inoculation with the virus, the tissue cultures were incubated for 45 hours at 35°C on a reciprocaUng shaker. 
Cn 



Table 18 
Inhibition of Lee-R Influenza Virus Growth by 2,8-Dithio-6-oxypurine: 

Attempted Reversal by Adenylic Acid 
Hemagglutiniri titers of tissue culture gluid8 inoculated with 

1.5 x i5 EID50 Lee-R ii.f1uenza virus per ml 
Control A Control B Nutrient fluids containing 1.0 m of utriit fluid 2,E3-dithio-6-oxypurine per ml plus: 

plus 1.0 mg of Adenylic Acid 
Experli- Culture Nutrient 2,8-dithio-6- 5.0 mg 2.5 mg 1.25 mg 
ment number fluid only oxypurine per ml per ml per ml per ml 

i 120 40 40 40 60 
2 120 40 40 60 60 
3 160 40 40 60 60 
4 160 60 40 80 80 
5 160 60 60 80 120 
6 320 80 80 120 120 

Geometric 
mean 163 51 49 70 79 

Adenylic Acid 
Expon- Culture Control A Control B 1.25 mg 0.63 mg 0.32 mg 
ment number per ml per ml per ml 

1 120 60 60 40 60 
2 120 60 60 80 60 
3 160 60 60 BO 80 II 4 160 80 60 80 80 
5 160 80 80 80 80 
6 240 80 80 120 120 

Geometric 
mean 155 69 66 68 78 

1. HemagglutzLnin titers are expressed as the reciprocals of the highest dilutions 
of fluids causing complete hemagglubination of chicken red blood cells. 

ro 



Table 18, continued 

2. As the 1ow&st dilution titrated was the 1:20 dilution, all fluids which did not 
cause complete hemagiutinati at this dilution were arbitrarily assigned a 
titer of 10 for the calculation of the geometric mei. 

3. After inoculation with the virus, the tissue cultures were incubated for 45 
hours at 35°C on a reciprocattg shaker. 



Table 19 
Inhibitton of Lee-H Influenza Virus Growth by 2,e-flithio--oxypurine: 

Attempted Reversal by uroine and Guanylic Acid 

Hemagglutinin titers of tissue culture fluids inoculated with 1.5 x iO 
EID50 of Lee-fl influenza virus por ml 

Control A Control B Nutrient fluids containing 1.0 mg of 2,8-dithio- 
Nutrient 6-oxypurine per mlplus: 
fluid plus 
1.0 mg Of Guanosine Guanylic Acid 
2,8-dl thio- ________________________ _____ 

Culture Nutrient 6-oxypurine 1.0 mg 0.5 mg 0.25 mg 2.5 mg 1.25 mg 0T63 mg 

nu er fluid only per in]. per ml per ml per ml per ml per ml per ml 

1 240 80 40 80 60 <20 20 80 
2 320 80 80 80 80 20 40 120 
3 320 80 80 120 120 20 40 120 
4 320 120 lOE) 160 120 20 60 160 
5 480 160 160 160 240 30 60 240 
6 480 160 240 240 240 0 80 240 

Geometric 
mean 349 108 108 130 126 18 46 148 

1. ifemaggiutinin titers are expressed as the recipivcals of the highest dilutions 
of fluids causing complete hemagglutatination of chicken red blood cells. 

2. As the lowest dilution titrated was the 1:20 dilution, all fluids which did not 
cause complete hemag'1utination at this dilution were arbitrarily assigned a 
titer of 10 for the calculation of the geometric mean. 

3. After inoculation with he virus, the tissue cultures were incubated for 45 
hours at 3500 on a reciprocating shaker. 
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nearly the saine as that of the control fluids after incu- 

bation, except in the case of tissue culture fluids con- 

taming aderosine. In all tissue culture fluids contain- 
ing; adenosine the linai ph was the same as the Initial 
pH. The inhibi tory activity of 2,8-dithio-6-oxypuririe 
was not reversed by natural purine derivatives under the 

conditions of these experiments. 

Mouse Tests. The maximum tolerated intraperitoneaJ. 
doso of 2,8-dithio-6-oxpurine In. mice was 57 mg per 

kilogram. This was the dose of the compound which when 

administered twice daily for three days was lethal to no 

more thi oe of three mice. This c.se of the compound 

was tested for inhibitory effect upon the development of 

Lee influenza virus in the mouse lung. Seven mice, 

weighing 16-19 grams each, were given one injection of 

the maximum tolerated dose and were then inoculated with 

the virus. Eight control mice received injections of the 

diluent before virus inoculation. Injections were con- 

tinued twice daily over a three day period. At the end 

of this time the lungs were removed, ground iii a mortar, 

diluted with saline, and titrated for hemagglutinin. 

Details of the procedure bave been given previously. The 

lung material from mice receiving 2,3-dIthio-6-oxypuririe 
had a titer of 80; that of control mice had a titer of 

1:120 on a weight/volume basis. Tne difíerence between 
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the titers of the two pools of 1un material is not 

significant. 



DISCTJSSION 

Results obtained in the ebick embryo experiments 

with 1,2-cyclohexanedione indicated that the compound 

caused a significant inhibition of Lee influenza virus 

development in the chorloallantois whi the compound was 

administered by the allantoic route but not when it was 

administered by the yolk-sac route. At a concentration 

approximating that present in the allantoic fluid of 

treated eggs, the compound caused a significant decrease 

in the infectivity titer of Infected allantoic fluid 
mixed with phosphate-glycine buffer during a three hour 

incubation period in vitro. The concentration of virus, 

in terms of EID50 per ml, which was employed in vitro was 

about a million times greater than the concentration of 

virus hi the allantoic fluid of eggs inoculated with 50 

or 100 EID50. Results of the in vitro test for virucidal 

activity of the compound indicated that more than 99 per 

cent of the virus infectivity was destroyed within three 

hours when the virus was exposed to the compound in a 

mixture containing phosphate-glycine liffer. If 99 per 

cent of the infectivity of an inoculum of 10 to 50 EID50 

per ml were destroyed In vivo by the compound, this could 

well explain the observed inhibition. Conditions in the 

allantoic fluid of the inoculated egg and in the phos- 

phate-glycine buffer are n strictly comparable; it is 
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entirely possible that the allantoic fluid contains sub- 

stances which would protect the virus fran the effects 
of the compound better than would the constituents of 
the buffer. The results of the chick embryo experiments 
and the test for virucidal activity do suggest, however, 

that the compound may inhibit vinis development in the 

cbick embryo by inactivating the infective prcerty of 

the virus. 
From the results of adsorption experiment with 1,2- 

cyclohexanedione, it appears unlikely that the compound 

interfered with adsorption of the virus by the tissue, 
at least not within a short period of exposure. The re- 
suits obtaLned in tissue culture experiments indicated 
that the tissue was changed, in some way that prevented 
nonnal virus development, when the period of exposure to 
the compound was prolonged. The physical appearance of 
the tissues after a 23 hour exposure to the minimum in- 
hibitory concentration of the compound suggested rather 
extensive damage to the tissue, althoui the exact nat!x'e 
of the change was not determined. How much an effect of 
the compound upon the tissue contributed to the inhibition 
observed in the chick embryo is uncertain; the fact that 
the embryos survived the injection of the inhibitory dose 
o. the compound tids to exclude the possibility that the 

chorioallantoic tissue was severely damaged or dead. 



Results of the toxicity test in mice indicate that 
the compound has a remarkably low acute toxicity. The 

peak concentrations of the compound in the mouse tissue, 
at least momentarily, may well have been as high as the 

concentration obtained in allantoic fluid; despite this, 
the compound did not appear to have inhibited the devel- 

opment of the virus in the mouse lung. 

The ability of the compound to inhibit virus devel- 

opment In the chorioallantois when administered by the 

allantoic route, its failure to inhibit wh administered 
by the yolk sac route, and the observed virucidal effect 
of the compound In vitro sugest that the inhibition in 
the chick embryo may be lgely accounted for by the 

direct effect of the compound upon virus infectivity. 
The inability of the chorioallantoic membrane tissue to 
support virus development after exposure of the tissue 
to the compound in tissue culture suggests that under 

tissue culture conditions the effect of the compound upon 

the tissue is at least as important as a virucidal effect 
of the compound. In summary, 1,2-cyclohexanedione appears 

to inhibit virus developm-it both by an effect upon the 

virus and by an effect upon the tissue, and the relative 
importance of the two effects in any given case probably 

depends up the conditions under consideration. 
When administered by the allaritoic route, 
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2,8-dithio-6-oxypurine cau8ed a significant inhibition of 

Lee influenza virus development In the chorioallantois; 
no significsnt inhibition was observed when the compound 

was adrnix1istered by the yolk-sac route. These results 
suggested that the observed inhibition might be attribu- 
table to a direct effect of the compound upon the virus 
or upon the membrane tissue. In vitro, at a concentration 

approximating that present in the allaritoic fluid of 

treated eggs, the compound appeared to have no effect 
upon the ability of the tissue to adsorb virus hemagglu- 

tinin, nor did it appear to cause a rapid loss of in- 
fectivity in virus infected allantoic fluids. vthen the 

tissue was exposed to the compound in vitro at 35°C for 
26 hours the loss of infectivity was significantly 
greater than the loss of Infectivity of the control 
virus. The effect of the compound upon the ttssue, in 

decreasing the ability of the tissue to sup»ort virus 
development, was also delayed. A 12 hour exposure to the 

minimum inhibi tory concentration of the compound appar- 

ently caused no marked decrease in the ability of the 

tissue to support virus development; when the tissue was 

exposed to the compound for 26 hours the virus hemagglu- 

tinin produced was much less than that produced in 

control cultures not exposed to the compound. Although 

the difference was not statistically significant, the 



results do suggest that the ability of the tissue to si- 
port virus development was decreased by prolonged expo- 

sure of the tissue to the compound. 

In tissue culture, the concentration of virus inocu- 

luiii employed, within a range of 1.5 x 106 to 1.5 x 1O 

EID50 per ml, did not appear to have had an effect upon 

the degree of inhibition produced by the compound. A 

concentration of the compound inhibitory with a dilute 

virus inoculum appeared to be just as effective when a 

concentrated virus inoculum was uzed. With the mf orma- 

tion available it is not possible to advance an accurate 

explanation for this observation; however, it has been a 

common observation, with both virus inhibitors and bac- 

teriostatic agents, that the degree of inhibition or 

bacteriostasis was markedly influenced by the concentra- 

tion of inoculum. The lack of such an effect in the case 

of 2,8-dlthio-6-oxypurine would appear to be consistent 

with idea that the activity of the compound was directed 

primarily against the host cell rather than against the 

virus. 
The inhibitory activity of 2,8-dithio-6-oxypurine 

was not reversed in tissue culth.re by adenine, aderiosirie, 

adenylic acid, guanosine, or guariylic acid under the test 
conditions. The results do not absolutely rule out the 

possibility that 2,8-dithio-6-oxypurine acts as an 
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antagonist ror nucleic acid constituents, but they lend 

no support to this idea. 

The compound was not well tolerated by mice; the 

maximum tolerated intraperitoneal dose of the compound, 

57 mg per kilogram, failed to inhibit the development of 

Lee Influenza virus in the mouse lung. The great major- 

ity of compounds found to be inhibitory for the develop- 

ment of virus in tbe chick embryo and in tissue culture 
have shown no inhibitory activity In mice or other lab- 
oratory snimals. 

There are a number of possible explanations for 
this. Mice are less sensitive to virus than chick embry; 
massive doses of virus are required to infect mice and 

minimal doses of virus are required to infect chick em- 

bryos . The kidneys of the mouse can remove substances 

from the blood stream, and quite possibly the mouse liver 
Inactivatos foreign substances. The chick embryo has no 

way to completely eliminate foreign substances unless the 
substances can be completely degraded to volatile gases 

and water. For this reason a more uniform concentration 
of compound cari be maintained in the chick embryo than 

can be maintained in the mouse. It is also possible that 
the embryonic cells of the chorloallantoic membrane are 

more permeable to certain sub stances than are the cells 
of the mouse. These differences between the chick embryo 
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and the mouse probbly account for the failure of corn- 

pounds, known to be inhibitory in the chick embryo, to 
inhibit virus development iii the mouse. 

The inhibitory effect of 2,8-dithio-6-oxypurine cari 

probably be explained in part by its slow virucida]. effect 
and in part by its ability to render the tissue incapable 
of supporting virus dewlopment. 



SLIMMA flY 

1. The inhibitory activity of 1,2-cyclohexanedione and 

2,8-dithio-6-oxypurine for Lee influenza virus was in- 

vestigated. 

2. A dose of 3.5 mg of 1,2-cyclohexanedione per egg was 

found to Inhibit the development of Lee influenza virus 

in the chorioallantois of the chick embryo when adminis- 

tered by the allantoic route but not when administered 

by the yolk-sac route. 

3. At a concentration of 0.8 mg per ml, 1,2-cyclohexane- 

dione exerted a virucidal effect upon Lee influenza virus 

In vitro. 

4. A concentration of 0.4 mg of 1,2-cyclohexanedione per 

ml was found to inhibit the development of Lee-fi influìza 
virus in tissue culture when an inoculum of 2.0 x 106 

EID0 per ml was employed. 

5. The maximum tolerated intraperitoneal dose of 1,2- 

cyclohexanedione in mice was found to be 1.2 gm per kilo- 
gram. This dose of the compound, when administered twice 

daily for a three days failed to inhibit the development 

of Lee inf]nza virus in the mouse lung. 



6. In tissue culture, exposure of the tissue to the miri- 

imum inhibitory concentration of 1,2-cyclohexenedione for 
23 hours markedly decreased the ability of the tissue to 

support virus development. 

7. In vitro, a concentration of 0.8 mg of 1,2-cyclo- 
hxanedione per ml did not interfere with the adsorption 
of virus hemalutinin by chorloallantoic membrane tissue. 

8. A dose of 12.5 mg of 2,8-dithio-6-oxypurine per egg 

was found to inhibit the developnnt of Lee influenza 
virus in the c]xrioallantois when the compound was ad- 

ministered by the allantoic route but not when it was 

administered by the yolk-sac route. 

9e At a concentration of 2.5 mg per ml in vitro, 2,8- 
dithio-6-oxypurine had no virucidal effect during a one 

hour exposure; when the exposure period was extended to 

26 hours this concentration of the compound was viruc1ial. 

10. In tissue culture a concentration of 1.0 mg of 2,8- 
dithio-6-oxypurine per ml was inhibitory to the develop- 

ment of Lee-R influenza virus when the virus inoculuin was 

between 1.5 x 106 and 1.5 x 103E1D50 per nil. 

11. The inhibitory activity of 2,8-dithio-6-oxypurine 
for Lee.-R virus in tissue culture was not reversed by 
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adenine, adenosine, adenylic acid, guanosine, or guanylio 

acid. 

12. The maximum tolerated intraperitcneal dose of 2,8- 

dithio-6-oxypurine in mice was 57 mg per kilogram. This 

dose of the compound, when adxninis tered twice daily for 

three days, failed to inhibit the development of Lee in- 
fluenza virus in the mouse lung. 
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