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INHIBITION OF THE DEVELOPMENT OF LEE 
INFLUENZA VIRUS BY CANAVANINE AND ISOPROPYL k3IGUANIDE 

INTRODUCTION 

An investigation applying structural analogues of 

known metabolites to a host-virus system in an effort to 

inhibit the development of the viral agent has a two fold 

purpose. First, by inhibiting the infection of the host 

by the virus without causing any undue effects on the host, 

it may be possible to uncover some practical chewothera- 

peutic agent. secondly, base.d on the fact that virus mul- 

tiplication occurs only after some unknown modification of 

the host cell by the virus, wherein the host cell is forced 

to produce virus material instead of cell naterial, we may 

be able to obtain some information as to the basic nature 

of this change. 

Any compound showing anti-viral activity may inter- 

fere with any one of the three phases of virus infection. 

The compound may prevent the initial adsorption of the virus 

particle to the cell. Ihis may be done by directly inacti- 

vating the free virus, by altering the constituents of the 

virus particle essential for its reaction or combination 
with the host cell, or by destroying, altering or combining 

with receptor areas on the host cell. An active inhibiting 

compound may interfere with the pathways of synthesis of' 
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the cell wi1ch are modifled to produce virus material or 

lt may be incorporated into the newly formed virus par- 

ticle, and once 1ncorporated, result In an abnormal virus 

unable to further multiply and cause infection of new 

cells. The final phase of tiie infection cycle in which 

the chemical antagonist may interfere is the release of 

newly formed virus particles from t'ne cell. The compound 

may, by some unknown reaction, prevent this liberation of 

virus and, by this means, inhibit further infection. 

The probability of finding a compound active as 

an anti-viral agent and being able to pinpoint the exact 

reaction interfered with by this compound is indeed slight. 

However, by carefully observing for differences which might 

be found to occur between host-virus systems with and with- 

out treatment by these anti-viral compounds we might gain 

some information relating to the nature of virus multipli- 

cation. This study is an investigation of the inhibition 

of the Lee strain of influenza B virus induced by L-cana- 

vanine and by isopropyl biguanide hydrochloride, particularly 

in the embryonated chicken egg. 



3 
HISTORICAL REVIEW 

Canavanine is a naturally occurring L-ami:- acid 

isolated from the jack bean, Canavalia ensiformis, where 

it makes up 2.5 per cent of the dry weight of trie bean. 

Canavnine is a structural analogue of arginine whose 

relationsh1. can be seen in the following formulae: 

NH NH2 

NH2-C-NH-O-CH2-CH2-Ckl-COOH 
Canavanine 

NH NH 
II 

I 

NH2 - C - NH - CH2 - CH2 - CH2 - Ci-i - COOFI 

Arginine 

It is seen that canavanine differs in structure from ar- 

ginine by the substitution of an oxygen atom for one Cl-i2 

group in the number five position of the carbon chain. 

A number of investigators have shown canavanine to 

have antimicrobial activity. Horowitz and Srb (21, pp. 

371-376) have studied the effect of canavanine upon three 

wild strains of Neurospora and found one strongly sensi- 

tive to inhibition by canavanine, one ;eakly sensitive, 

and one resistant. By addition of arginine to canavanine 

inhibited cultures they obtained reversal of the inhibi- 

tion and evidence for a competitive antagonism between 

the two compounds. In the case of a number of typical 
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strains of yeasts of the genera Saocharomyces, Torula and 

Kloeckera, which were inhibited by canavanine, reversal 

of this inhibition was also demonstrited when arginine 

was available (27, p.1035). Canavanirie sensitive Torul- 

)p813 utilis overcame the inhibition and indicated a 

com?etitive mechanism when arginine, lysine, or homo- 

arginirie were added to the culture medium (51,. pp.209-211). 

Arginine and homoarginine were equally effective in rever- 

sing the inhibition while lysine showed only one half of 

the growth restoring activity of these two compounds. 

Inhibition by canavanine of a number of lacto- 

bacilli and of both arginine req.uiring and 

tnesizing strains of rscherichia coli (50, 

and Salmonella enteritidis (2, p.10, 116) 

to be reversed by arginine apparently in a 

manner in those cases thoroughly studied. 

Canavanine has been shown to be an 

arginine syn- 

pp.8914_899) 

has been 8hOWfl 

non-competitive 

Lnhibitor of 

the elongation of Avena coleoptile sections induced by 

indole acetic acid (2, pp.328-329). ConcentrationB of 

canavanine between 3 and 10 mg per liter brought about 

a 50 per cent inhibition of this elongation. kieversal was 

shown to be possible by addition of arginine, glutawic 

acid or lysine with activity decreasing in that order. 

Further investigations by ßonner into effects on respira- 

tion indicate that canavanine acts to inhibit tne increase 
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of respiration normally induced by indole acetic acid 

(3, pp.L3O_L34). On the other hand, it has no effect on 

an increase of re8piration resulting from tne addition of 

adenylic acid. From this study he speculated that the 

increase in respiration caused by indole acetic acid 

miìt be mediated through some unknown arginine step. 

Canavanine,in high concentration, inhibited growth of 

the oat coleoptile and also reduced endoenous respira- 

tion by about 15 per cent. 

Canavanine as an inhibitor of virus development 

has been noted in a report by Pearson, Lagerborg and. 

Winzier in which they screened a number of amino acids 

and analogues of amino acids for activity against iheiler's 

GD VII strain of mouse encephalomyelitis virus (32, p.L41O). 

DL-Canavanine su1fLe in a concentration of i mg per ml 

was reported to cause a 100 per cent reduction in the 

titer of the hemagglutinin produced by this virus in a 

tissue culture of one day old mouse brain. 

The basic amino acids, arginine and lysine, have 

been shown to inhibit the development of the Lee strain 

of influenza B virus in tissue culture (7, pp.506-507). 

Concentrations of arginine and lysine necessary to effect 

this inhibition were of the order of two to five mg per 

ml, This is an interesting observation in view of the 



fact that Knight h8s shown by chemical ana1yis of' the 

influenza viruses that both the A arid stra1n posee 

good amounts of both of these anlno acids (24, pp.125- 

126). The multiplication of muxnp virus also was inh.- 

bited by arginirie. Lysine added to tissue culture of one 

day o1 mouse brain resulted in a decrease in the hemag- 

glutinin formed during infection with iheiler's GD VII 

strain of mouse encephalomyelitis virus (2, pp.41O_L1í). 

Synthetic polypeptides, composed solely of lysine, were 

able o inhibit the multiplication of influenza, mumps, 

Newcastle disease and infectious bronchitis viruses in 

the chick embryo (14, pp.853-857; 15, pp.64i-642; 16, 

pp.61-63). 

Isopropyl bivanide, although a member of a group 

of compounds possessing the biguanide structure and show- 

ing a variety of biological activities, apparently has 

not been widely studied at this time. ihis compound 

bears the following structure: 

CH NH NH 
3N II II 
/CH - NH - C - NH - C - NH2 - HC1 

CH3 

Isopropyl bipuanide hydrochloride 

A closely related compound and one used clinically as an 

antimalarial is 1-(p-chloro-phenyl)-5-isopropyl biguanide 

hydrochloride, more commonly known as "Paludrine" or 



chioroguanide (38, pp.96-97; 26, p.226). Chioroguanide 

has chemotherapeut1 activity against the endoerythrooytic 

forms of Plasmodlum falciparuin and. to a lesser degree 

against vivax. Chioroguanide has a fairly high degree 

of antifungal activity inhibiting growth vitro of 5 

strains of fungi tested at levels of 5 to 20 mg per cent 

(37, p.8996). Tuberculostatic activity has also been 

reported where vitro experiments showed complete inhi-. 

bition of Mycobacterl.urn tuberci4iosls var.homlnis at loo 

t'per ml (39, pp.159-160). In experiments wltn Lacto- 

baciLLus casel, inhibition by ohioroguanide was overcome 

by addition of various purines and by pteroylglutarnlc 

acid (8, pp.107-lOS). In a wide variety of chemical corn- 

pounds tested for activity against the development of 

kulckettsia typhi in the yolk sac of the embryonated 

chicken egg, chioroguanide was found to be completely 

ineffective at 0,8 ing per egg (3+, p.4L3). However, the 

closely related structure l-(p-ohlorophenyl) blguanid.e 

hydrochloride significantly lengthened the time of sur- 

vivai of the infected eggs. These two compounds are 

similar in structure except that chioroguanide possesses 

the terminal isopropyl group. 1,1-Dimethyl biguanide was 

reported to relieve fever and headache in a number of 

clinical cases of influenza within a short period after 

administration (12, pp.289-292). 



A number of substituted urea compounds have indi- 

cated some degree of anti-viral activity. Various cyciic 

aldyhyde semloarbazones inhibited the development of 

atypical pneumonia virus in the chick embryo and suppres- 

sed the formation of pulmonary lesions in the cotton rat 

(6, pp.23-2). 

Several groups of Investigators have found thio- 

semioarbazone derivatives to inhibit multiplication of 

vaocinia virus in both the chick embryo and in mice ino- 

culated intracerebrally as shown by a significant delay 

in death and increase in the number of survivors (17, 

pp.306-311; 6, pp.229-233; 47, pp.11-12). 

A wide variety of chemical compounds have been 

shown to be active in inhibiting virus development. Many 

of' these inhibitors are analogues of known metabolites. 

Poliomyelitis virus has been inhibited in tissue culture 

by several amino acid analogues (i, pp.4tf24'55). Active 

as Inhibitors were cystelo acid, DL-ethionine, N-clichloro 

acetyl O? -(p-nitrophenyl) glycine, and fi-2 thienylalanine. 

9-2 Thienylalanine was also observed to be active against 

vaccinia virus in tissue culture (45, pp.435-436). 

A variety of substituted purine and pyrimidine 

compounds have shown anti-viral activity. benzimidazole 

has been shown to decrease the growth of vaccinia virus in 



tissue culture (44, pp.530-532) and poliomyelitis virus 

in tissue culture (4, pp.442-445). 2,6-Diamino purine 

was able to inhibit development of Russian spring-summer 

encephalitis in tissue culture (ii, p.151) as well as 

vaccinia virus in the same medium (44, pp.530-532). ioth 

thiouracil (30, p.449) and 8-azaguanine (29, pp.278-280) 

were inhibitory to psittacosl.s virus developing in tissue 

culture. 

The vitamin analogues, oxythiamine and desoxy- 

pyridoxine, have demonstrated antiviral activity when 

incorporated in tissue culture with either mumps virus 

or the PR-8 strain of influenza virus (5, pp.498-499). 

Oxythiamine kas also been shown to offer sorne protection 

for mice infected with Lansing poliomyelitis virus (22, 

pp,455-458). Several folie acid. analogues have inhibited 

psittacosis virus in both the embryonated chicken eg 

and in tissue culture (28, pp.272-274). 

A polysaceharide from Kiebsiella pneuwoniae has been 

shown to antagonize infection of the cnick embryo by mumps 

virus (13, pp.99-100) and apple pectin and various other 

complex carbohydrates inhibited hemagglutination of chick- 

en red blood cells by influehza virus (16, pp.61-63). 

Apple pectin inhibited infection of tLìe chick etììbryo when 

Pli-8 influenza virus was inoculated. 
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Chemical compounds active as lni'iiLAtors of' v1ru 

development are quite specific for a definite virus and 

host system. the majority of compounds show1n antiviral 

activity ar active only In tissue culture. ihe number 

of compounds inhibiting virus development in the embryon- 

ated chicken eg, Is apparently much lower and the number 

of compounds active against virus infections in the In- 

tact animal is but a very small percentage of those show- 

ing activity In other systems. Furthermore, definite 

dlffrences as to metabolic requirements between various 

viruses exist, For example, 2,6 diamino purine was active 

in tissue culture against hussian spring-summer encepha- 

litis (il, pp.151-152), 8-azauanine inhibited psittacosis 

virus in tissue culture (29, pp.278-280) andß-2-thleny- 

lalanine showed antiviral activity against both poliomye- 

litis virus (Li, pp,Li43-4L6) and vaccinia virus ('5, pp. 

435-436) in tissue culture in both cases. However, none 

of these compounds were able to inhiDit tne multiplication 

of either mumps or the Pli-8 strain of influenza virus 

when these were grown in tissue culture (5, p,k99). 

A problem of this type, wherein we attempt to inh- 

bit the development of the virus by interfering with some 

essential step required for ita synthesis, suffers from 

the lack of information available on what pathways are 
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essential for this synthesis. Perhaps in time, when more 

investigations have been carried out and more instances 

of virus inhibition are known, we will then be able to 

visualize more clearly the pathways and systems involved 

in virus multiplication nd be able to selectIvely inhibit 

one or more of these systems and minimize virus infection. 
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EPE.ELENTAL ?1hHODS 

\TIru. i'he Lee $traln of the type influenza virus 

was obtained from the American Type Culture Collection 

and used In the majority of experiments involv1n the 

chick embryo. The history of this virus, when received, 

indicated a sris of 8 ferret passaces, 310 mouse pas- 

sages and 3 eg passsges. 

For experiments involving tissue culture techniques 

another strain of Lee influenza virus was used which 

was especially adapted to the chick embryo. ihis strain 

was made available through the courtesy of L)r. . L. 

of the Hockefeller Institute, 

Mumps virus, oriinal1y from the Americen Lype 

Culture Collection, was received from Cutter Laborator- 

les. Ihis virus strain had been transferred through 2 

monkey passages, 12 amniotic sac passages in the chick 

embryo and 43 allantoic sac passages in the latter host. 

The PR-S strain of influenza A virus was obtained 

from the American Tye Culture Collection and had a 

history of 198 ferret passages, 691 mouse passages and 

3 egg passages when received. 

A stock supply of each virus was maintained by 

lyophilization of allantoic fluid virus. Allantoic 

fluids from eggs infected +O to 8 hours previously with 
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influenza virus or 5 days previously with mumps virus 

were harvested aseptically nd centrifuged to remove 

cells and aggregates present in the fluid. The super- 

natnt fluid was then mixed with an equal volume of 

sterile skim milk and dispensed in 0.1 ml volumes in 

sterile cotton plugged ampoules. the virus-skim milk 

mixture was quick frozen in an alcohol-dry ice mixture 

ard placed in a desiccator chilled in dry ice to below 

_100C. Water vapor was removed by phosphorous pentoxide 

held in a tray inside the desiccator. The latter was 

evacuated to a pressure of 100 to 200 microns of mercury 

and held. at -200C for a period. of four days. The final 

phase of drying took place with tkìe desiccator at room 

temperature for the fifth day. After this period of 

lyophilization, the ampoules were removed from the desic- 

cator and sealed off individually at a pressure of 100 

to 200 microns of mercury and. stored at -20°C. ihe virus 

titer was determined periodically by infectivity titra- 

tion and the 50 per cent infective dose for the chick 

embryo was calculated. For use, three ampoules were 

aseotically opened and the contents reconstituted with 

one ml sterile distilled water per ampoule to ive a 

1:20 dilution of the original allantoic fluid virus. The 

contents of the three ampoules were pooled and further 



dilution was prepared in a buffered saline solution1 

at pH 7.2 to give a dose of 50 ID50 in 0,1 ml as deter- 

mined by infectivity titration. Lyophilized stocks were 

used for a priod of aproximately three months before 

it was necessary to prepare a new stock. 

In cases where fresh allantoic fluid virus was 

desired, lyophilized virus was reconstituted and diluted 

to give a dose of 50 ID50 in 0.1 ml and injected into 

five to ten eggs. After the desired incubation period, 

the allantoic fluid was harvested, pooled and an infec- 

tivity titration run on the pooled virus fluid. Ihe 

pooled virus fluid was held at 40C until the result of 

the infectivity titration was available, at which time 

the fluid was then diluted to give the proper dosage in 

a 0.1 ml volume. Occasionally, infectivity titrations 

were run again on the fluid after the 2 to 3 day period 

of storage at 4°C. In no case was the infectivity titer 

'Buffered salineof pH 7.2 was prepared by the fol- 
lowing formula: 

Na2HPO4 (anhydrous) 7.105 grams 
KH2PO4 2.269 grams 
NaC1 8.5 grams 
Distilled water to one liter. 

The saline solution was dispensed in 30 to 50 ml 
volumes in Pyrex bottles with screw caps and sterili- 
zed at 1210C for 20 minutes. 
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of the refrigerated virus found to differ from trie ini- 

tial titer beyond the experimental error of the titra- 

tion procedure. 

Eggs. Chicken eggs of various breeds were ob- 

tamed from the Oregon State College poultry farm, lius- 

sell's Hatchery ani Hansen's Leghorn Farm. White Leg- 

horn eggs were used in the early portion of this inves- 

tigation, while eggs from New Hampshire Heds were used. 

chiefly in the latter part. Previous to infection, eggs 

were incubated at 38°C for 9 to 11 days for influenza 

virus and 8 to 9 days for mumps virus. Following infec- 

tian, the eggs were incubated at 350C. 

Titrations. Hemagglutinin titers were determined 

by the pattern method of Salk (35, pp.88-92). Chicken 

red blood cells from four or five enickens were collected 

fresh each week by adding the blood to an equal volume 

of Alsever's solution.2 The red blood cells were washed 

2Alsev-er's solution which was prepared. had the fol- 
lowing composition: 

Dextrose 20.5 grams 
NaC1 4-.2 grams 
Sodium citrate 8.0 grams 
Citric acid 0.55 grams 
Distilled water 1000 ml 

The solution was distributed in 150 to 200 ini vol- 
urnes in wide mouthed bottles arid autoclaved at 15 pounds 
pressure for 15 minutes. After cooling, all bottles were 
refrigerated until used. 



with physiological saline oy centrifuging tnree times at 

1500 r.p.m. for seven minutes and a final packing at 1500 

r.p.m. for en minutes. A ten per cent suspension by 

volume wa prepared and stored at 40C. For heruaggiutinin 

titrations on allantoic fluids, a one per cent suspension 

was prepared immediately before use. A 0,5 per cent sus- 

pension was used for hemagglutinin ti;rations on tissue 

culture fluids. 

Infected fluids were diluted serially oy tw fold 

steps from two initial dilutions of 1:10 and 1:15 to 

give a progression of dilutions as 1:10, 1:15, 1:20, 

1:30, 1:40, 1:60, ec. Whenever practical, a sepdrate 

pipet was used for each dilution. ixing was accomplished 

by alternately witndrawing and blowing back into the tube 

a one ml volume eight times. ifle nintn time the one ml 

volume was transfered to the next tube in the dilution 

series and the pipet discarded. A fresh pipet was taken 

and the mixing and transfer continued. When the number 

of pipets was limited, fresh pipets were used as far as 

possible in tne dilution series with the final pipet 

being used through the remaining dilutions In the series. 

The final volume in each tube was 1.0 ml. After dilution, 

an equal volume of a one per cent suspeniot of chicken 

red blood cells was added to each tube and the tubes were 

shaken. ThIs resulted in a final volume of 2.0 ml and an 



increase of the initial dilution by 

After an incubation period o 

temperature, the titration was read 

tion showing complete agglutination 

being considered as the end.point. 

As hemagglutination was used 
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a factor of two. 

r 145 minutes at room 

with trie highest dilu- 

of the red blood cells 

as the principle meas- 

ure of virus growth or inhibition in the investigation, 

the reproducibility of the results of hemagglutinin titra.- 

tions was examined. This was done by two different ineth- 

ods. In one case a dried stock of mumps virus was titrated 

at various time intervals over a period of four months and 

the resulting titers compared. ihe hemagglutinin is quite 

stable and should not vary to any degree in the lyophili- 

zed virus preparation. This information is contained in 

Table 1. In eleven observations the maximum difference 

noted in hemagglutinin titers is a three fold difference. 

When represented as the logarithm of the hemagglutinln 

titer, it is evident that a logarithm difference as great 

as 0,14771 occurred once in eleven trial8 presumably due 

to chance factors. It was not considered necessary to 

pursue further this investigation concerning the signiui- 

canoe of differences occurring between hemagglutlni.n ti.. 

trattons run on different days. ahe number of observa- 

tions indicated is too small to allow for any statistical 

analysis but they do serve to indicate the degree of 



Table i 

Reproduc1b1lity of Hemagglutinin Titration as Deter- 
mined by Titrations on Reconstituted Dried Stock 

Mumps Virus Over a Four Month Time Interval 

Titration Date of Fiemagglu- Logarithm of hemag- 
Number titration tinin titer glutinin titer 

i k-10-51 160 2.2O+i 

2 a-24-52 160 2.2041 

:3 5-1552 240 2.3802 

4 .5-23-52 240 2.3802 

.5 5-29-52 160 2,2041 

6 6-10-52 160 2.2041 

7 6-13-52 160 2.2041 

8 6-18-52 160 2.2041 

9 6-28-52 80 1.9031 

10 7-18-52 160 2.2041 

ii 8-8-52 240 2.3802 

1. Hemagglutinin titers are expressed as the reciprocal 
of the highest dilution of allantoic fluid causing 
complete hemaglutination of cnicken red blood cells. 

2. Lyophilized stock mumps virus was reconstituted with 
1.0 ml sterile distilled water to give the initial 
1:20 dilution, kieconstituted virus from four to 
five ampoules were pooled for each titration, 
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variation in titration values obtained on titrating the 

same s . rnple on different days. i-t is understood that a 

logarithm difference of O.k771 10g10 units may occur one 

time in eleven trials but it can not be said that any 

difference exceeding this value is necessarily a signifi- 

cant difference between day to day titrations in any 

experiment. Obviously, values obtained on different 

days would have to show considerably greater differences 

to be judged significant. 

The second method of investigation of the reprodu- 

cibility of the hemaglutinin titration was a series of 

duplicate titrations on different infected aliantoic 

fluids. In Table 2, duplicate titrations on 21 samples 

of allantoic fluid virus are tabulated. Differences in 

the titration endpoint are noted in 7 of the 21 titrations 

and occur as only a one tube difference. ì3y statistical 

analysis the standard error of the difference between 

two estimates on a given smp1e is 0.0860 loarithmic 

units (25, pp.199-207). Any difference of hewagglutinin 

titer resulting between treated and untreated control 

fluids which exceeds 0.1789 logarithmic units would ap- 

pear to result through chance in only about five per cent 

of the cases. 3uch a difference, then, can be understood 

to be experimentally s1,nificant and is due to known 

factors controlled in the experiment. With respect to 
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Table 2 

Reoroducibility of Hemagglutinin Titrations a 
Determined by Duplicate Titrations on Aenty-one 
Samples of Mumps Virus Infected Allantoic Fluids 

Al].antoic Reciprocal Logarithm of 
fluid of dilution reciprocal Logarithm 
Number (i) (2) (1) (2) differences 

i 120 120 2.0792 2.0792 0 

2 120 160 2.0792 2.20f1 0.12'49 

3 60 60 1.7782 1.7782 0 
11. 30 30 1.M771 1.+771 O 

5 30 30 1.1+771 1.&'771 O 

6 80 60 1.9031 1.7782 0.12+9 
7 120 80 2.0792 1.9031 0.1761 
8 33 80 1.9031 1.9031 O 

9 80 80 1.9031 1.9031 0 

10 120 120 2.0792 2.0792 0 

11 240 160 2.3802 2.2O41 0.1761 
12 iCo 160 2.20+1 2.2041 O 

13 160 160 2.2O41 2.20$1 O 

1+ 120 120 2.0792 2.0792 0 

15 160 i6o 2.2041 2.201 O 

16 20 320 2.3802 2.5051 0.1249 
17 320 320 2.5051 2.5051 O 

18 80 120 1.9031 2.0792 0.1761 
19 60 60 1.7782 1.7782 0 

20 160 160 2.2O1 2.2O1'1 O 

21 120 160 2.0792 2.20k1 O.12+9 

Sum of squares of differences = o.i55i 

Number of pairs = 21;d1vis1on = 21 X 2 = '+2 

Mean square = 0.15511. = 0.0037 
11.2 

Standard deviation = ±si0.0037 = ± 0.06083 

Students t" for degrees of freedom = 21, and P=95% 
is a value of 2.08. 

Therefore, if the standard deviation represented 
simply accidental errors, the true value in an analysis 
would be unlikely to be above or below the value given by 
a single estimate by more than 2.08 x 0.06083 = 0.1265 of 
a logarithmic unit. 
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Table 2, continued 

The standard error of the difference between two 
estimates is: 

,.J(o.o6083)2 + (0.06083)2 

= 0.06o83v1T 

= 0.08601 

2.08 x 0.08601 = 0.1789 logarithmic units. 

1. Hernagglutinin titers are expressed as the reciprocal 
of the highest dilution of allantoic fluid causing 
complete hernagglutination of chicken red blood cells, 

2. sight day old chicken embryos were inoculated with 100 
EID mumps virus into the allantoic sac and incubated forour days at 35°C. 
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differences in dilution that might be considered signi- 

ficant, it can be seen In Table 2 that differences of one 

tube may correspond to dilution differences of 1.3 or 

1,5 which correspond to logarithmic differences of 0.129 

and 0.1761 respectively. Both figures are below the 0.1789 

log10 difference required for significance. The next di- 

lution step beyond the 1.3:3 or the 1.5 difference is a 

dilution of two, corresponding to a logarithm difference 

of 0,3010. This value is significant and we can conclude 

that such a io fold difference occurring between two 

titrations perfor;ud on the saine day under te same experi- 

mental conditions is a significant difference and may occur 

by chance in less than one time in twenty. 

ihe results obtained through analysis of Table 2 

seem to differ from those obtained in Table 1. however, 

this can be easily reconciled by the fact that the obser- 

vatj.ons recorded in Table 1 were each obtained on differ- 

ent days over a four month interval. Each pair of results 

tabulated in Table 2 were collected on a single day. It 

is easily visualized that differences occurring from day 

to day are greater than those noted on any single day. 

Factors contributing to these day by day differences that 

may effect the hemagglutinin endpoint are variations in 

temperature, in sensitivity of the chicken red cells, and 

variations in chickens, 
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Infectivity titrations were run by preparing serial 

ten fold, dilutions of virus infected fluids in buffered 

saline solution of pH 7.2, and inoculating 0.1 mi of each 

dilution into the allsntoic sacs of six or more 9 to 11 

day old embryos. After 14.0 to 48 hours incubation, 0.5 ml 

of allantoic fluid. of each egg was removed and added to 

0.5 ml of saline, followed by the addition of 1.0 ¡ml of 

a one per cent suspension of chicken red blood oeils. 

After a 45 minute incubation period, presence or absence 

of virus infection in each egg was determined by presence 

or absence of hemagglutination. ihe 50 per cent embryo 

infectivity endpoint was calculated by the method of' ieed 

and Muench (33, pp.494-497). 

Investigations into the reproducibility of' infec- 

tivity titrations by Knight (23, pp.488-490) indicate 

that if five embryos were used per group with ten fold 

dilution steps, the standard deviation of' a single titra- 

tion was equal to 0.225 log10 units. By further statis- 

tical analysis it was seen th tr'. using this method of' 

titration a difference between titrtions exceeding 0.62 

log10 units was significant at the 95 per cent level of 

significance. If the number of eggs per dilution was in- 

creased to ten, the standard. deviation was ei,ual to 0.132 

and a difference of' 0.37 log10 units or greater is signi- 

ficant at the same significance level. 
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Preparation of cDpounds. Isopropyl biguanide 

was obtained from the Americ3n Cyanamid Company as a 

white crystalline compound readily soluble in w&ter. 'ihe 

concentration nost comon1y used in these studies waa 50 

trig per ml. Heat.ng briefly in a boi1in water bath ef- 

fected a clear colorless solution 01' approximately pH 6.2. 

Upon injection of 10 tug th a 0.2 volume into the allantolo 

sac of a 9 to 11 day old chick embryo, no lowering of the 

ph of the allantoic fluid could be detected. On the basis 

of this observation, no adjustment of the pti of the solu- 

tion was deemed necessary. All solutiQns of isopropyl 

biguanide were sterilized by filtration through a sintered 

glass filter of ultra fine porosity. 

The canavanine used in this investigation was iso- 

lated from jack bean meal by Victor E. Smith of the Oregon 

State College Department of Chemistry. In the earlier ex- 

perirnents in this study the canavanire was prepared as 

L-canavanine sulfate. However, about midway in this in- 

vestigation the canavanine was made available as the free 

base. 'ihe method. of isolation was that of Horowitz and 

Fling (20). 

Canavanine as either the sulfate or free base, is 

a slightly yellow crystalline compound very soluule in 

water. Canavanine sulfate at a concentration of 100 or 

200 mg per ml in distilled water is a solution of a golden 
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yellow hue with a pH of approximately +.O. he free base 

of canavanine at this concentration also forms a o1den 

yellow solution with a pki of approximately 8.3 In neither 

oe was the adjustment of the pi to neutrality attemted. 

The sulfate preparation injected in a 20 mg quantity in 

a 0.1 or 0.2 ml volume into tke allantoic sac of the 9 to 

11 day old chick embryo caused a decrease in t1ie pi of 

the allantoic fluid of between 0.3 and 0.6 of one pH unt. 

The pH of the solution of the free base at 8.3 is within 

the pH range of the normal allantoic flô so that no 

effect on the ph of the fluid was noted. 

All solutions of canavanine were sterilized by 

filtration through an ultra fine sintered glass filter. 

Inhibition studies. Previous to any investigation 

of inhibitory activity against virus development in the 

chick embryo it was necessary to determine tne maximum 

tolerated dose of the test compound for the chick embryo. 

This was done by preparing a concentrated solution of 

the compound, usually limited by solubility or physical 

characteristics of the solution, in distilled water and 

injecting decreasing doses of this compound into groups 

of four to five 9 to ii clay old chick embryos. ihe eggs 

were then candled daily for four days to observe for death 

of the embryos. ihe dose used. as the maximum tolerated 

dose was that concentration noted to cause the death of 
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but 25 per cent or less of the embryos In a 5roup. 

Upon completion of this test of' compound toxicity 

for the chick embryo, the maximum tolerated dose was in- 

jected into the allantoic sac of ten or itore crìick embryos. 

A similar group of control eggs eitner received no injec- 

tion, or the same volume of sterile distilled water in- 

,jected into the allantoic sac. f ter a one hour period 

all eggs were inoculated into the allantoic sac with 50 

ID50 of Lee influenza virus and then sealed with a sterile 

vaseline-paraffin mixture. All eggs were then incubated 

at 35°C for L0 to L8 hours. 

At the end of' the 40 to 48 hour incubation period, 

the eggs were removed from the incubator and candled to 

observe for deaths of any eggs. Any dead eggs were then 

discarded and. the surviving eggs chilled for one hour at 

-20°C. After the one hour chilling period, the eggs were 

opened aseptically and the allantoic fluids removed indi- 

vidually by means of a sterile needle and syringe. Sterili- 

ty tests were made by inoculating 0.1 ml of the fluid from 

each egg into thioglycollate broth and the resulta read at 

seven thys. Hemagglutiniri titrations were run on each 

individual fluid as well as on a pool of equal volumes 

from all egs from the same group. 

Following the observation of inhibition of virus 

development by the compound at its maximum tolerated dose, 
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various modifications were made In the basic experimental 

plan to determine the extent of the inhuibition and. the 

possible mechanism of this inhibition. ihese modifica- 

tions involved variation in tne dosage of the compound 

injected nd increases in the dose of virus inoculated. 

Variations in the time of injection of the compound were 

made, injecting the compound one hour before, and two 

hours and twenty-four hours after the injection of the 

virus. Any possible direct effect of ttie compound upon 

the virus hemalutinin and infectivity was investigated 

vitro. Attempts to reverse the inhibitory activity of 

this compound were carried out with related metabolites, 

Respiration studies were carried oi.t to Investigate any 

effect of tne compound upon respiration of the chorlo- 

aliantoic membrane tissue. Possible inhibitory activity 

of this compound against the development of other viruses 

was siso investigated. besides investigations of inhibi- 

tiori in ovo, activity against virus development in tissue 

cultures end in mice was also studied. 

Tissue cultures, The tissue culture techniques used 

were similar to those of Tainm, Fo]Jers and dorsfall (L3, 

pp.559-561), wherein the virus was found to grow easily 

in vitro with a satisfactory titer. All equipment used 

in the tissue culture was cleaned in dichromate sulfuric 

acid cleaning solution or boiled in Labtone solution, 
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followed by careful rinsing ten times in running tap 

water, five times in distilled water and two times in 

deionized water. All glassware was sterilized at 160°C 

for one hour while rubber stoppers and bakelite caps were 

sterilized by autoclaving. 

The nutrient fluid for tissue culture was prepared 

in two solutions having the following composition: 

Glucosol solution. NaC1 8.0 grams 
CaC12.21i20 0.2 grams 
NgC126F120 0.5 grams 
Glucose 1.0 grams 

Deionized water to 1000 ml 

8uffer solution. Na2}LPOA4. (anhydrous) 7.105 grams 

2P011 2.269 grams 

?henol red 0.02 grams 
Deionized water to 1000 nil 

3oth solutions were sterilized in pyrex bottles with 

bakelite screw caps by autoclaving at 15 pounds pressure 

for 20 minutes. The two solutions were mixed in ecjual 

volumes immediately before use at which time penicillin 

and streptomycin were added to give a final concentra- 

tion of 10 units per ml and 40 micrograms per ml, res- 

pectively. The final pH of this mixture was 7.28. 

The chorloallantoic membrane tissue was removed 

aseptically from 9 to 11 day old chick embryos by cleaning 

the surface of the egg with tincture of iodine, breaking 

away the shell with sterile forceps and pouring the egg 

contents into sterile petri dishes. ihe ohorioallantoic 



membrane was removed wltn fresh forceps and washed by 

othitrifuging three times at 1500 r.p.m. for two minutes 

with fresh changes of nutrient 1ueoso1. Jfter the tissue 

w:9s washed it was cut into 2 cìn x 2 cu squares using 

sterile Bard ?arker sci1pe1 blades aM distributed at 

random into sterile Pyrex culture tubes (25 x 100 mm), 

fitted with rubber stoppers and containing 2 ml nutrient 

glucosol, with or without trie addition of the compound 

to be tested. The compound to be studied was dissolved 

in nutrient glucosol solution at a concentration of ten 

to twenty times the highest concentration to be tested 

and sterilized by filtration through a sintered glass 

filter. Dilutions containing tne compound at the proper 

concentration were prepared in sterile nutrient glucosol 

from the concentrated solution. The virus inoculu con- 

sisted of 0.1 ml of a 1:100 dilution of 

virus maintained in the frozen state at 

dilution of freshly harvested allantoic 

viously titrated for presence of a high 

titer. 

The tissue culture tubes were i 

allantoic fluid 

-60°C or the same 

fluid. virus pre- 

hemagglutinin 

ìcubated at 35°C 

on a reciprocating shaker having a stroke length of 8 cm 

and a frequency of 90 strokes per minute. After an incu- 

bation period of 40 to 48 hours the culture fluids were 

tested for sterility by inoculation of 0.1 ml from each 
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tube Into thlo&lycollate broth. ihe amount of virus 

present in each tube was determined by hema1utinIn ti- 

tr tion. 

In experiments designed to measure the amount of 

virus present in the tissue, and therefore not released 

Into the tissue culture fluid, the membranes of each croup 

receiving similar treatment were pooled, rinsed three 

times in sterile distilled water and ground. in sterile 

mortar and pestle with sterile pyrex glass to a 1:20 dilu.- 

tion, weight per volume, in sterile buffered saline. Af- 

ter centrifuging, the virus content of the supernatant 

was determined by hema,g1utinin and infectivity titrations. 

esration studies. In an effort to determine 

whether either canavnIne or isopropyl biguanide has any 

direct effect on the respiration of the tissue, several 

studies were carried out usin, Warburg manometry with 

uninfected chorloallantoic membranes. No slanificant 

difference in the respiration of normal membranes and 

membranes infected with influenza virus in vitro was noted 

In a study undertaken by Ackermann (1, pp.422-1+27). 

Chorloallantoic membrane tissue of 15 to 20 ten 

day old embryos was removed aseptically and washed three 

times in sterile nutrient solution oy centrifuging at 1500 

r.p.m. for three to five minutes. After blotting on 

sterile filter paper t.o remove excess water, piece8 
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approximating 200 to 250 mg were weighed aseptically ad 

dispensed in sterile Warburg flasks. 

Respiration studies were carried out at different 

times using two methods. In one case, a CO2-free atmos- 

phere was maintained by the presence of 0.2 ml of 20 per 

cent potassium hydroxide in the center well. The nutrient 

fluid used. in this system was the nutrient glucosol solu- 

tion of pH 7.2 of the same formula as used in the tissue 

culture experiments. he other system used. involved the 

maintenance of a partial pressure of CO2 in the flask by 

the method of iardee (31, pp.1085-1088). An atmosphere 

of 3 per cent CO2 was obtained by using a mixture of 

diethanolamine, 6N hydrochloric acid and potassium bicar-. 

bonate in the center well. A nutrient medium buffered at 

pH 8.33 containing bicarbonate and described by Ackermann 

(i, p.44-22) was present in the main compartment of the 

Warburg flask. Penicillin and streptomycin were included 

at the concentrations employed. in tissue cultures to inhi- 

bit development of any bacterial contaminants. the corn- 

pound to be investigated, either L-oanavanlne as the free 

base or isoropyl biguanìde hydroohloride, was contained at 

the desired concentration in the 3.0 ml volume of nutrient 

fluid. in each Warburg flask. ihis was obtained by appro- 

ortate dilution of a filter sterilized solution of known 

concentration. The total fluid volume was 3.2 ml per 

flask. Each preparation was run in duplicate or triplicate 
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and incubation was carrted out at a temperature of 37°C. 

Iespirat1on, as oxygen uptake, was !ollowed by application 

of the conventional methods described by Umbreit, xurris 

and Stauffer (L19, pp.1-37). Observations were enera11y 

carried out for an eight to ten hour period. In two 

experiments, respiration was followed over an extended 

period. Observations were made during the 20 to 26 hour 

incubation period in one nd during the to 50 hour 

period in the other. At the end of each experìent, tne 

flasks were removed from the water bath and tested for 

sterility by inoculation of 0.2 ml of t'ìe fluid from each 

flask into thiolycoll&te browth. lissues from each flask 

ware removed, rinsed in distilled water, dried individually 

in weighing bottles at 1100C for 24 hours and then weighed. 

Oxygen uptake was calculated for each flask in terms of 

microliters of oxygen per milligram of dry weight of tissue. 
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FIXPEJIMJN1AL 1ESULTS 

Iith.b1tion Studies volving L-Cnavani.m 

e cthlcAç enryo. intiit1on 
of the deve1opment of Le 1rif1unza vir wai first ob- 

served in an experirnect iheretn one roup of' t.en day old 

eínbryonated chicken eggs received an incra-allantoi.c in- 

jeotion of' L-canavaziine and a second group of eggs received 

no canavanine treatment. After one hour ali es received 
50 EID0 of Lee virus by the same route. Following a 4k 

to 48 riotr incubation period at 350C, all eggs were candled 

and. trie survivors were chilled one hour at. -2O°. At tne 

er4 of t1is period tue fluid contained within the allantoic 

sac was removed from eacki egg and each fluid was individu- 

ally titrated for heagglutinin content. .he results of 

such ari experiment are in'1icted in Table . ihe fires 

in this table represent the reciprocals of the highest 

dilutions of allantole fluids causing complete agglutina- 

tion of chicken red blood cells. 'ihe lowest dilation of 

allantoic fluid in this experiment was a 1:4 dilution and, 

therefore, a zero being recorded as the nemaglutinin 

titer indicates that no agglutination of chicken erytnro- 

cytes occurred at this dilution. Equal volumes of allan- 

tole fluids from each egg in each group were pooled. ne 

hernagglutinin titer was determined for these pooled fluids 
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Table 3 

Inhibition of Lee Influenza Virus Development in the 
Chick Embryo by L-Canavanine Sulfate at 20 mg per Egg 

Egg Hemagglutinin in Hemagglutinin in 
Number untreated control eggs treated with 

eggs 20 mg canavanine 

i f480 80 

2 320 30 

3 2kO 20 

k 120 k 

120 0 

6 80 0 

7 80 0 

8 kO O 

9 0 0 

lo o o 

11 - - o 

kiemagglutinin 
titers of 
pooled fluids 160 10 

Geometric mean 4.7 

i. Hemagglutinin titers are expressed as the reciprocal 
of the highest dilution of allantoic fluids causing 
complete hemagglutination of chicken red blood cells. 

2. Treated eggs received 20 mg canavanine injected into 
the allantol.c sao. One hour later all eggs received 
50 EIDÇO of virus by the same route and were incubated 
at 35°C. 

:3. Virus titrations were carried out 44-48 hours after 
inoculation of the eggs with 50 EID0 of Lee influenza 
virus. -i 
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from both the treated and the untreated croups in an effort 

to obtain an experimental average value, representative of 

each group. The geometric mean for each group is also 

indicated. Ïhe geometric mean is the Nth root of the 

product of N numbers and is used to equalize ratios or 

percentages of numbers in a series. As the lowest dilu- 

tion titrated was the 1:4 dilution, and not even partial 

agglutination occurred at this point, it is justifiable 

to assume that the hemagglutinin endpoint for those fluids 

with a titer recorded as zero, is at trie 1:2 dilution or 

lower and this value was used in the calculation of the 

geometric mean. Any error involved in this procedure 

would tend to decrease the significance of an experimental 

result rather than increasing it. 

It can be seen from the results obtained that 

tretment of the group of eggs with L-canavanlne before 

infection with the virus reduced trie amount of heinaglu- 

tinin produced. Hemagglutl.nation by influenza virus is 

known to be caused by the virus itself; thus it appears 

that the development of the virus is hindered or retarded. 

However, it must be noted that though hemagg lutinating 

activity is low or even not apparent in the treated eggs, 

we can not conclude that no virus was formed. Lt has 

been shown that in order to obtain visible hemagglutination, 
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the virus concentration as measured by infectivity titer, 

must be in the rane of io6 to io IID50 per ml (9, pp. 

173-176). Results such as those described in lable 3 in 

which a 13 to 16 fold difference in heitiaglutin1n titer 

was observed would suggest a difference in infectivity 

titer of approximately one logarithmic unit; that is, if 

canavanine produces a corresponding decrease in infectivity 

as well as in hemagglutinin. 

In Table L are recorded results of two experi- 

ments run similarly which indicate a reduction of the 

infectivity titer of tne virus contained in allantoic 

fluids of eggs treated with canavanine. Allantoic fluids 

were removed aseptically from a group of canavanine 

treated eggs and an untreated control ¿roup, each having 

received 50 EID50 Lee influenza virus. i4ual volumes of 

fluids from each group were pooled and the infectivity 

titer determined by preparation of serial ten fold dilu- 

tions of each pool and injection of each dilution into 

six or more chick embryos. after 44 to 48 hours incuba- 

tion at 350C, the presence or absence of infection in 

each egg of each group was determined by testing for the 

presence or absence of hemagglutinin in the allantoic 

fluid. 

In experiment 1, treatment with 20 mg of canava- 

nine resulted in a reduction of the infectivity titer of 
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Table ¿4. 

Effect of' Canavanine upon the Development of 
Lee Influenza Virus as Determined by Infectivity Titration 

Expert- Virus Canavanine Hemagglutinin EID50 per 

ment Dose dose ing per titer of ¡nl of pool- 

Number embryo pooled fluids ed fluids 

1 50 EID5O O - - 

50 EID50 20 - o6.09 

2 50 EID50 O 

50 EID50 20 

256 109.12 

o o580 

1. kiemagglutinin titers are expressed as the reciprocal 
of the highest dilution of allantoic fluids causing 
complete hemagglutinatton of chicken red blood cells. 

2. Treated egs received 20 mg canavanine injected into 
the allantoic sac. One hour later all eggs received 
50 EID0 gf virus by the same route and were incuba- 

ted at 35 C. 

3. VIrus titrations were carried out ++-4.8 hours after 
inoculation of the eggs with 50 EID50 Lee influenza 
virus. 

k. Infectivity titers were determined by injection of 
0.1 nil of serial ten fold dlluticns of pooled allan- 
toto fluids into groups of six or more eggs per 
dilution. fter L hours incubation at 5°C presence 
or absence of infection was determined by testing for 

heglutinition it 1:.i. -I1.lution. 
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slightly more than one logarithmic unit as compared with 

a similar group of untreated control es. in experiment 

2, a marked difference in hemagglutinin titer is noted, 

At the same time, a corresponding decrease in infectivity 

of greater than three logarithmic units occurs. Canava- 

nine at 20 g per egg appears to cause a significant re- 

duction in virus development as indicated by both lower 

hemagglutinin production and a lower number of infective 

particles. 

It was found that as the dose of canavanine was 

decreased, the degree of inhibition also decreased. xAe- 

suits of inhibition studies using doses of' canavanine 

ranging from 1+0 ma per egg to 2 mg per egg are tabulated 

in Table 5. This is a composite of several experiments 

and the geometric mean is calculated on the individual 

titers of all eggs tabulated. Ihe lowest dilution titrated 

in these experiments was the 1:20 dilution. In the calcu- 

lation of trie geometric mean, those fluids giving no agglu- 

tination or a partial agglutination at the 1:20 dilution 

were arbitrarily given an endpoint value of 1:10. 

As the dose of canavanine was decreased, the per 

cent of eggs containing greater amounts of virus hemag- 

glutinin increased, as did the geometric mean of the 

hemagglutinin titer. By the use of the Nt test for com- 

parison of means, it was found that the effect of 2 mg 



Table 5 

1eltion of Dosage cf Canavarilne to the Degree of InhibitIon of Lee Influenza Virus in the Chick Embryo 

Dosage of Tote], number Per cent of eggs showing titers of Geometric 
canavanine of eggs (io or (480 or mean of 
per egg treated below) (20-80) (12O-32o) above) all fluids 

40 mg 10 90 10 0 0 11.4 
20 mg 23 61 17 22 0 23.1 
10 ing 45 27 27 40 6 53.8 

5 mg 33 36 33 21 10 57.8 
2 mg 20 25 30 35 10 67.9 

Control 51 10 15 53 22 155.2 

1. Ifemagglutinin titers are expressed as the reciprocsl of the hi2hest dilu- 
tiori of allantoic fluids causing complete hemagglutination of chicken red 
blooti cells. 

2. Treated eggs received their indicated dose of canevanine injected into the 
alio.ntoio sao. One hour later all eggs received 50 EID50 of virus by the 
same route and were incubated at 35°C. 

3. Virus ttretioìia were ctirried out 44 to 48 hours after inoculation of the 
eggs wIth 50 .D50 Lee influenza virus. 

4. the lowest dilution titrated was the 1:20 dilution, all eggs recorded 
In the coìwnxì 'lO or below" were arbitrarily assigned a titer of 10 for 
the calculation of the geometric mean. 



Table 5, continued 

5. Comparison of the mean values for the henagg1uttnin titers of the control 
and. 2 mg groups by means of the "t" test (25, pp.151-171+) using log.rithms 
of the individual titers, gives a "t" value of' 2.37. For 69 degrees of 
freedom this indicates that the difference is highly significant at the 
.05 probability level and is unlikely to be due to chance. 
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dose of cariavanine was still significant3 (25, pp.1L47.- 

170; 10, pp.11k-128). The 20 mg dose is the one used in 

the majority of experiments reported in this study and 

causes a definite inhioltion with a minimum of toxicity. 

The next variable to be studied was the effect 

of the dosage of virus in the inoculu.m upon the inhibi- 

tion by canavanirie. It was found that as the dose of 

virus was increased, the inhibitory effect of canavanine 

decreased. ihe results of such a study are tabulated in 

Table 6. Inhibition is evident with all lower virus 

doses and is still striking In the group receivin 4500 

EID50 of' Lee influenza virus. When lyophilized virus 

3Lising the logarithms of the individual titers of the 
51 eggs in the control group and 20 eggs in tne group re- 
ceiving 2 mg of canavanine, mean loarithmic values of 
2.1910 and 1.8320 were obtained for the control and treated 
groups respectively. 'ihe difference in mean values was 
equal to 0.3590 logjrj units. 

Sum of the squares of the deviations from the mean for 
the control group = 14.77800. 

Sum of the squares of the deviation from the mean for 
the treated group = 7.99607. 

Combined sum of squares = 22.77407. 

Degrees of freedom = (51-i) + (20-i) = 69. 

Variance = 22,77407 0.330058 
69 

Estimated standard deviation = -/0.330058 = 0.5744 



Teble 6 

Influence of Virus Dosa8e on Inhibition 
cf Lee Inf1ierize Virus by Cnavenine in the Chick Tinbryo 

EID50 of Cnavanine Nwnber of eggs with titers of Hemagglutin ti- 
virus Dose ng (lo or (460 or ters in pooled Geomet- 

inoculated per e.g below) (20-80) (120-320) bcve) fluids from nc rnean 
all eggs 

8.4 0 2 5 3 0 60 54O 
5.4 20 9 1 0 0 0 10,7 

84 0 2 4 4 0 l0 62.1 
84 20 8 1 0 0 0 10.8 

800 0 0 4 6 0 120 82.9 
800 20 4 5 1 0 30 24.2 
4500 0 0 0 2 8 640 567.4 
400 20 6 1 0 1 60 18.6 

13,000 0 3 0 4 3 320 102,0 
13,000 20 1 2 7 0 120 98.0 

130,000 0 1 0 6 2 320 166,4 
130,000 20 2 1 6 0 160 72.7 

1. Heinagglutinin titers are 
allantoic fluids causing 

2. Treated ejs received 20 
later all e;gs received 
35°C. 

expressed as the reoiprocal of the hiheat dilution of 
complete hernag1utiuìtion of chicken red cel1. 

mg canavanine injected into the allentate sac. One hour 
50 ID50 of virus by the same route and were incubated at 

3. Virus titrations were carried out 44-48 hours after inoculation of the eggs with 
50 ID50 Lee influenza virus. 

Ei 



Table 6 (continued) 

4. Dczes of 4,500, 13,000 and 130,000 EID50 were obtained by use of' freshly tiar- 
vested and titrited alùntoic fluid virus. Doses of 8.4, 84 &nu E300 EID50 were 
prepared fron lyophilized virus titrated on the dny of the experinent. 

5. iE the lowest dilution titrated was the 1:20 dilution, ail recorded in the 
co1utrn '1O or below" were arbitrarily assigned a titer of 10 for the calculation 
of the geometric mean. 

6. The 50 per cent egg infective dose in ech case was determined by infectivity 
titration run on the saine dy of the experiment usine the same virus prepara- 
tior used in the experiment. 

0 



1 

was used, the do6e &dniinistered as cbicuiate1 frorn in- 
fectivity ttrt1nr on the preparation of viras ter- 
f orrsìed on the ae iy as the experiutent. uses of 4500 

EID50 and greter were obtained by the use of' f reh1y 
harvested a11anoi f 1iä. virus. When freshly harvested 

virus was eaployed, the virus titer ias a. etermined in 

each case by infectivity titration on the clay of harvest 
while the virus wss held at 4CC. when the infectivity 
titer was known, the refri erated virus was then diluted 
to that diiUtiOfl calculatea to contain the desired ose 

in 0.1 ml. An infectivity titration was run again on 

this preparation following inoculation of the experimental 

group. In thismanner we expect to know, within limits 

of the experimental error of the infeotivfty titrstion, 
the dose of virus adin1stered in each experiment. 

It may be seen that as the dose of virus was in- 

creased to 13,000 EID and. above, the inhibition of virus 

- 
3(contirìued) 

tandard error of difference between means = 

+ /f0.5744j + (0.574). .± 0.15153 
-Y 51 20 

N = c13r 
. Q35 9 0 . 2.37 

standard error of' difference 0.15153 

or 69 degrees of' freedom this value of fttH corres- 
ponds to a P value of between 0.025 nd 0.01 and indicates 
that the observed difference is very unlikely tocur by 
chance. 



development produced by 20 mg canavanine was too slight 

to be significant with this small number of es. j 

was also noted that as the virus dose was increased to 

very high levels, the infection was partially inhibited 

by the virus itself. [tn exceedingly high nuaiber of in- 

fecting particles decreased the amount of nemagglutinating 

virus produced. This is known as auto-interference and 

has been commonly encounte:ed with influenza viruses. It 

tends to confuse and make impractical inhibition studies 

involving doses exceeding 100,000 EID50 per embryo. 

When canavanine was injected into the yolk sac 

of the chick embryo instead of' the allantoic sac, and then 

followed one hour later by an intraallantole inoculation 

of 50 EID50 Lee influenza virus, the virus developing in 

the allantoic sac was also inhibited. íiesults of such an 

experiment are given in 'lable 7. It appears as though 

the compound was rapidly absorbed from the yolk sao and 

distributed to the cells of the allantoic membrane where 

multiplication of the virus normally takes place. This 

result suggested that the inhibitory action of' canavanine 

is not due to a direct effect of the compound upon the 

virus while both are present together in the allantoic sac. 

A study was next made of the relationship of the 

time of injection of canavanine with respect to the virus 

inoculation and. the effect upon virus inhibition. íesults 



43 

Table 7 

Inhibition of Lee Influenza Virus in the Chick Embryo 
Resulting from the Yolk Sac Injection of 20 mg Canavanine 

Egg Hemagglutinin in Memagglutinin in 
Number untreated control eggs treated with 

eggs 20 mgcanavanine 
i 960 64o 
2 6Lf) 120 

3 640 80 

4 480 80 

5 480 80 

6 480 ko 

7 480 0 

8 48e 0 

9 320 0 

10 320 0 

Hemaglutinin 
titers of 
pooled fluids 64e 30 

Geometric mean 502.3 41,6 

1. Femagglutinin titers are expressed as the 
of the highest dilution of allantoic fluid causing 
complete hemagglutinatton of chicken red blood cells. 

2. Treated eggs received 20 mg oanavanine injected into 
the yolk sac. One hour later all eggs received 50 
EID,0 of virus by the same route and were incubated 
at 35°C. 

:3. Virus titrtions were carried out 44-48 hours after 
inoculation of the eggs with 50 EID50 Lee influenza 
virus. 

1+. A thc lowest dilutizn titrated was the 1:20 dilu- 
tion, all eggs recorded a zero showed no agglutina- 
tion at this dilution and wero arbitrarily assigned 
a titer of 10 for the calculation of the geometric 
mean. 



of' this study are shown in L'ab1e 8. When the compound 

was administered one hour before the virus inoculum, the 

inhibition was most striking; however, 1f canavanine 

followed the virus dose by two hours, the 1nhib1tion was 

still very definite. Ihis is indicated by tk-ie greater 

number of eggs showing low titers in the treated groups 

as well as in differences noted on comparison of their 

geometric mean titers with that of the untreated control 

group. hen canavanine was administered by intraallantoic 

injection hours after the virus inoculation, the degree 

of' inhibition was considerably less and by statistical 

analysis it did. not appear to be significant. 

Results obtained from this experiment could be 

interpreted in at least two ways. Iither there may be a 

direct interference by canavanine witn some path of' syn- 

thesis involved in the early stage of virus development, 

or perhaps canavanine had a direct inactivating effect 

upon the virus inoculated into the allantoic sac. hi- 

though virus absorption occurs fairly rapidly, witn Lee 

influenza virus a time interval of about five hours 

elapses before the maximwn amount of virus introduced is 

absorbed (18, pp.2-4). During this period of pre-adsorp- 

tion, canavanine might have reacted directly with the 

virus, interfering with the properties necessary for in- 

fection. Even though this was not indicated to be the 



Table 8 

influence of Tjjiie interl between 
Infection snd Injection of Canavanine 
on Inhibition cf Lee Influenze Virus 

Canavanine Number of egs showing titers of Geoiretrie 
20 ng (10 or (120- (480 or xean of 

per Cß below) (20-30) 320) cbove) individual 
h eûa gi u ti ni n 

titers 

1 hour before 
virus 14 3 2 1 20.4 

2 hours 
after virw3 10 8 2 0 2.3 
24 hcur 
after virus 4 6 7 3 84.8 

Control, no 
eanavanine 2 4 11 3 110.8 

1. i1en1utiiiin titers ore expressed es the rciproca1 
cf' the highest dilution of aliaritoic fluids causing 
oonrnlete hernagglutination of chicken red blood cells. 

2. AlI eggs received 50 EH)50 Lee inf1uena virus in- 
coulted into the allcntolc sac and were incubated 
t 3500 tor 44 hours after virus inoculation. 

3. As the lowest dilution titrated WEs the 1:20 dilution, 
cli eggs recorded in the column l0 or belowt were 
arbitrarily assi)ned a titer of 10 for the ieub-. 
tion of tLe geometric mean. 

4. Comparison of the xne.n values of the hem1utinin 
titers of the control group and the group receiving 
canavanine 24 hours after the virus injection by rieens 
of the "t" test (25, pp.151-174) usin', 1oritbms of 
the individucl titers, gives a at" vulue of 1.04. For 
38 degrees of freedom the difference i not signifi- 
cant at the usually accepted .05 probabi1ty level. 



case in experiments involving the yolk sac injection of 

canavanine, lt was desirable to obtain further informa- 

tiori by a direct in vitro experiment wherein the virus 

was incubated with canavanine at a concentration approxi- 

mately equal to that present in the allantoic fluid. 

Such experiments were carried out in the following manner. 

Investigations in vitro. Infected allantoic 

fluid from embryos inoculated 4k hours earlier with 50 

EID50 Lee influenza virus was harvested, centrifuged to 

remove aggregates and coarse particles and then dispensed 

in two equal volumes. To one volume was added sterile 

canavanine solution to give a concentration of canavanine 

of 4 m per ml of allantoic fluid. ihis was assumed to 

be the maximum concentration of canavanine present in the 

allantoic sac of a ten day old cnick embryo following In- 

jection of 20 mg intra-allantoically. To the second vol- 

ume of allantolo fluid virus was added a similar volume 

of sterile distilled water. bach volume was then divided 

into two tubes, with one tube of each preparation to be 

incubated at 35°C, and the other at 10°C for a period of 

2+ hours. Infectivity titrations were run before incuba- 

tion on the control fluid and after incubation on each of 

the four samples. hesults of an experiment of this type 

are recorded as experiment i in Table 9. In no case was 



Table 9 

Investigation of an in Vitro Effect 
of Canavanirie upon Lee Influenza Virus 

Experi- Preparation Incubation Incubation Hemagglu- ID50 pH of fluid 
merit time temperature tinin per ml after thou- 

in hours titer bation 

I virus only O before 640 i09'3° 8.32 
incubation 

virus only 24 100C '#80 109.40 8.67 
virus +canavanjne 

4 mg per mi 24 10°C 480 io8.76 8.52 
virus only 24 35°C 640 102,48 8.86 

vi rus+canavanine 
4 mg per ini 

24 350C 640 1050 8.54 

II virus+H20 O before -- io9'°0 8.36 
diluent incubation 

virus+H20 24 35°C 640 io4.46 8.66 
diluent 

vi rus+buffer 
pH 8.00 24 35°C 480 O"# 8.40 

virus+canavanine 
24 35°C 480 io6.79 8.45 4 mg per ml 



lable 9, continued 

1. Hernagglutinln titers are exressed as the reciprocal of the highest dilution of allantoic fluid causing coknplete hemagglutination of chicken red tlood cells. 
2. Infectivity titers were determined by injection of 0.1 ml of serial ten fold. 

dilutions of virus fluids into groupe of six or more eggs per dilution. After 
44 hours incubation at 35°C presence or absence of infection was determined by 
hemagglutination at a 1:14. dilution. 
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the hernagglutinin affected, whether eanavnne was in- 

cluded or absent and whether the temperature of incuba- 

tion was 10°C or 35°C for a 24 hour period. Ihe amount 

of infective virus was not decreased by incubation in 

the absence of canavanine at 100C and although a slight 

decrease was noted when canavanine was present at 100C, 

this difference did not appear in two subseuent experi- 
merits. At an incubation temperature of 350C for 24 hours, 
the infectivity of the virus was decreased considerably 

in both oases. rowever, this loss of infectivity was 

much greater in the absence of canavanine than in its 

presence, indicating thet canavanine does not have a di- 
rect inactivating effect on the virus, but rather may 

exert some sort of' protective effect. The final pH of 

untreated allantoic fluids after incubation in all eases 

showed a tendency to be slightly more alkaline in reaction 

than the similar fluids which contained canavanine. This 

was probably due to a dissociation or decomposition of 

some of the urates present in the fluid. Canavanine seemed 

to more or less buffer the allantoic fluid. ihis same 

resistance to pH change was shown when arginine was pre- 

sent in the allantcic fluid. in order to throw more 

light on the mechanism of the protective effect of cana- 

vanthe, it was then desirable to attempt to buffer the 

allantoic fluid with a phosphate-glycine buffer of )H 8,0 



to see whether the buffered f1u1 also possessed this same 

6ffc-ct. A cocentrted buffer of M/2 glycine in N/2 NaC1 

was sterilized by autoclaving and mixed in equal volume 

1th M/3 N2UPO immediately before use and then added to 

infected allantoic fluid in the proportion of one part 

buffer to nine parts of fluid. A similar control mixture 

was prepared in which nine parts of infected allantoic 

fluid were diluted. with one part of sterile distilled 

water. A third preparation of the infected fluid was made 

up with the same degree of dilution to contain canavanine 

at a concentration of 4' m per ml. All preparations were 

incubated at )50C for 2 hours and then assayed for virus 

content. The results appear in Thble 9. Again, no sini- 

ficant variation ir hemagglutinin was noted between the 

three groups. The pH of the control fluid receiving 

distilled water again was slightly more alkaline than the 
buffered fluid or the canavanine fluid. Infectivity ti- 

trations showed that less loss of infectivity occurred in 

the buffered fluid than in the unbuffered control fluids, 

but that the fluid containing canavanine still contained 

a significantly larger amount of infective virus. 

It appears as though canavanine does not have any 

deleterious effect upon the virus infectivity but rather 

exerts some sort of protective effect. this protection 
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may in part be a pH effect, but this does not seemfl to be 

the only explanation. 

investigations on adsorption. A1thouh canavanine 

does not destroy the infectivity of the virus when both 

are present together in the allantoic fluid, it might 

still interrupt the first phase of virus multiplication 

by preventing adsort1on of the virus to the susceptible 

cell, perhaps by altering, inactivating or combining with 

its specific receptor area on trie cell. In Table 10 an 

experiment investigating any possible effect of canavanine 

upon the adsorption of the virus is recorded. Freshly 

harvested allantoic fluid virus was subjected to a low 

speed centrifugation to remove any ag regates and adsorbed 

virus and then two dilutions of 1:2 and 1:5 were prepared 

in saline. Each dilution was divided into two eual vol- 

urnes. To one tube of each dilution was added a small 

volume of canavanine solution to give a final concentration 

of mg per ml. To the second tube of each dilution was 

added similar small vo'umes of sterile distilled water. 

Each preparation was then further divided into two tubes. 

Chorl.oallantoìc membrane tissue which had been washed 

three times in sterile saline was added at one gram per 

milliliter to one preparation containing canavanine and 

one without canavanine in both the set of tubes containing 

the 1:2 dilution of virus and in the set containing the 



Table 10 

Investigation of the Effect of Cunovinine Upon the 
Adsorption of Lee Influenza Virus to Chorioal1ntoic ernbrane 

íllmtOic fluid Canavanine Incubation Tissue Hernngglutinin viras dilution concentration tizne present titer 
1:2 0 Before inca- O 160 

b a ti on 
1:2 0 30 min. O 160 1:2 4 mg per ini 30 min. O 240 1:2 0 30 min. i m per ml 20 1:2 4 lUß per ml 3Opjj i Xil per i1 

o Before mou- O 80 
bation 1:i o 30 min. O 60 

1: 4mgperml 3onxin. O 80 
0 30 min. i m per ml <20 1:5 4 mg per ml 30 min. 1 gm per nil <20 

1. Hemag1utinin titers are expressed as the reciprocal of the hijhest dilution of allaiitoic fluids causin complete hemag1utin!tion of 
chicken red blood cells. 

2. The tissue used was freshly harvested choriosilantoic membrane tissue which had been washed three times in sterile sa line and 
weighed using aseptic conditions. 

3. Incubation was carried out at 35°C in a water bath with occasional agitation. 
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1:5 dilution. After an initial titration of hemagluti.nin 

before incubation, all tubes were incubated at 350C for 30 

minutes. At the end of the 30 winute incubation period 

the tubes containing tissue were centrifuged and hemagglu- 

tinin titrations were conducted on all fluids. The degree 

of adsorption was then measured by the decrease in the 

hemagglutinin in the fluids. 

In the tubes containing the virus at 1:2 and 

chorioallantoic membrane tissue at one gram per milliliter, 

the hemagglutinin titer decreased to about one-eighth of 

that present in the tubes incubated without tissue, indica- 

ting an adsorption of approximately 85 per cent of the 

hemaggiutinating virus present. ¡4o difference occurred 

between tubes containing canavanine and those without 

canavanine. In the tubes containing the virus at 1:5 

the degree of adsorption was at least as great. lt can 

be concluded from this experiment that canavanine has no 

effect upon the adsorption of the virus to the cells of 

the chorloallantoic membrane fl, vitro, at least within 

the limits of sensitivity of the test employed. It seems 

reasonable to assume that there is no effect in the allan- 

talc sac of the intact chick embryo. 

lnvestiations of reversal of virus inhioltion in 

tissue culture, in view of other results obtained with 

canavanine inhibition of a large variety of uicroorganisms, 



aM .t1s reversal by arginine, it seemed likely that the 

Inhibition of Lee Influenza virus was due to couipetition 

with arginine in some systen required for v.rus synthesis 

(21, pp.371-376; 50, pp.894-899; 51, pp.209-211). The 

most sensitive method for studying this possloility would 

be the use of virus inhibition studies in tissue culture. 
Canavanine has been shwn in this laooratory to markedly 

inhibit the development of Lee influenza virus in tissue 
culture in concentrations as low as 0.2 mg per ml of cul- 
ture fluid (48, pp.23-27). Inhibition, though definite, 

at 0.1 mg per ml was not complete. 

For these experiments, a strain of Lee influenza 

virus was used that was well adap ted to the chick embryo 

and would multiply in tissue culture to prodice a fairly 

high hemaggluti.ntn titer. It was tne hockefeller insti- 

tute strain described in the "materials and methods" 

sedan. The tissue was aseptically removed from 9 to 11 

day old embryos, washed in nutrient glucosol solution, 

cut into 2 cm x 2 cm pieces and dispensed in rubber stop- 

pered. pyrex tubes. Concentrated solutions of canavanine 

and arginine were prepared in nutrient glucosol solution 

and sterilized individually by filtration. Dilutions 

and mixtures of canavanine and arginthe were prepared and 

dispensed in 2.0 ml volumes in six culture tubes per dilu- 

tion. After inoculation with 0.1 n1 of a 1:100 dilution 
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of Lee influenza virus, all tubes were incubated at 30C 

and. continuously aerated by shaking. Hemagglutinin ti- 

trations were carried out on each tube after 4 hours 

incubation. 

The results reported in Table il indicate that 

canavanine inhibition of' the virus is definitely over- 

come by arginine. However, it is not possible with the 

data available to state whether the inhibition Is of a 

competitive nature. At 0.1 mg canavanine per ini of cul- 

ture fluid there is only a partial inhibition of virus 

development and it appears as though equal quantities of 

arginine will reverse this degree of inhibition as shown 

by the tubes containing both canavanine and arginine at 

0.1 mg per ini. kügher doses of arginine of 0.35 and 0.70 

mg per ml also cause essentially a complete reversal. 

The ratio of' arginine to canavanine to effect the 

greatest degree of reversal of' canavanine inhibition at 

the 0,2 mg per in]. level seems to oe better than 7:1 as 

indicated In that group receiving arginine at a concentra- 

tiori of 1.4 mg per ml. As the concentration of arginine 

in the tissue cultures was increased to beyond 2.0 mg per 

ml to reverse still larger doses of canavanine, the ar- 

ginine itself seemed to have an inhibitory effect upon 

virus development (7, pp.506-507). This effect is appai'- 

ent in experiment 3 when the arginine dose was increased 



Table 11 55 

Reversal et Canavurilne lucluced Inhibition 
oÍ Lee Influenza Virus by L-Ar(-inine ECl 

Virus hem3gglutinin in tissue culture con- taming indicated concentration of L-argi- Control,nine ECl plus L-canavnine at 0.1 ng per ml Culture Virus 0.0 n 0.1 ng 0.35 ra 0.7 ing 
Number Only per ini per ml per mi per ml 
Experiment 1 

i 160 80 240 160 4O 
2 160 60 160 80 160 
3 120 40 160 80 160 
4 80 40 160 80 160 
5 60 lO 160 40 160 
6 40 10 80 40 80 

Geomet- 91.6 30.3 152.5 71.3 152.5 
rie 
me a n 

Virus hemag1utinin in tissue culture con- 
taming indicated concentration of L-argi- 

CultureControl,nine ECl plus L-canevanine at 0.2 ing per ml 
Number Viras 0.0 rag 0.2 ing 0.7 mg 1.4 mg 

Only per n]. per ml per ml per ml 
Experiment 2 

i 120 0 80 120 120 
2 120 0 20 60 60 
3 80 0 20 40 40 
4 80 0 20 40 30 
5 80 0 0 30 30 
6 60 0 0 0 20 

Jeomet- 91.4 TÖTO 0 38.9 41.6 
rie 
In ea n 

Virus hemagglutinin in tissue culture con- 
taming indicated concentration of L-argi- 

Control,nine ECl plus L-canevanine at 0.3 mg per ml 
Culture Virus 0.0 ing 1.4 ing 2.1 mg 4.2 mg 
Number Only per ini per ml per ml per ml 
Experiment 3 

1 160 0 160 240 60 
2 160 0 160 160 60 
3 120 0 120 80 60 
4 120 0 80 60 40 
5 80 0 60 30 30 
6 80 0 40 10 10 

Geomet- 115.3 ThTo 91.5 61.7 
rie 
mean 
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Table 11 (continued) 

1. }ernagglutinin titers re expressed as the reoiprocl 
or the highest dilution of dllantoic fluid criusing 
com:lete hejneílutination of chicken red blood cells. 

2. The virus inoculwìi consisted of 0.1 l of a 1:100 
dilution of freshly harvested Lee influenza virus, 
approxiuntely eual to iO5 EID5O per culture. This 
inoculuxri produced no detectable hema;lutinin titer 
in a culture tube containing 2 ml nutrient glucosol 
without tissue vhen titrated before incubation. 

3. As the lowest dilution titrated was the 1:20 dilution, 
a zero being recorded as the hemaggiutlnin titer 
indicates that no agglutination occurred at the 1:20 
dilution. In cilculatin the ¿eoinetric mean, the 
endpoint of the zero titration value was assumed to 
be 10 or below and the v lue of 10 was used in the 
calculation. 



to 4.2 mg per ml and the canavanine concentration was 0.3 

mg per ml. It may also be indicated with arginine at the 

2.1 mg per ml level when the extent of the reversai effect 

was less than that resulting from 1.4 ing of arginine per 

ml. 

A similar condition was found to exist in attempts 

to reverse this canavanine antagonism in the chick embryo. 

The inhibition induced by canavanine is u1te striking at 

20 ing per embryo, but is considerably less apparent at 

10 mg per embryo. If the canavanirie dose is increased 

to 40 mg we exceed tne maximum tolerated cLose as determined 

by toxicity tests anJ the majority of the enrnryos do not 

survive the injection. o obtain a satisfactory arginine 

to canavanine ratio to effect reversal of inhibition by 

20 mg of canavanine, the arginine dose would probably have 

to exceed 100 mg per embryo, at which concentration ar- 

ginine is toxic. In two experiments wherein arginine was 

administered at 75 mg and 80 mg per embryo and. canavanine 

at 20 ing per embryo, no reversal of inhibition was apparent. 

Lysine has been reported by some investigators to 

reverse canavanine inhibition of Neurospora, yeast and 

ivena coleotiles (21, pp.373-376; 2, pp.328-329; 27, 

1035). In some reports of bacterial inhibition, lysine 

was without effect (50, pp.896-899). Lysine was investi- 

gated briefly in tissue culture at 0.25, leo and. 4,0 mg 
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per ml in an attempt to reverse the inhibition of Lee 

influenza virus by 0.2 mg per ml of canavanine. At these 

cormentrations, lysine showed no intagonistic effect on 

the canavanine inhibition, 

Glutamic acid is reported to be a precursor of 

arginine synthesis in several microorganisms and was re- 

ported by Bonner to reverse the inhibitory effect of cana- 

vanine for Avena coleoptiles (2, pp.28-29; 19, pp.40- 

41). In tissue cultures of canavanine inhibited Lee in- 

f luenza virus, glutamic acid at 0.2, 1.0 and 5.0 mg 2er 

ml had no effect on this inhibition. 

Investigations of the effect on res.1iiration, In 

a further attempt to determine the mechanism by which 

canavanine effects this inhibition of virus development, 

respiration studies were carried out employing the warburg 

respirometer. ackermann has shown that inhibition of res- 

piration of the cells of the chorloallantoic membrane 

results in a msrked decrease in virus production (1, pp. 

422-427). It was desirable to determine whether canava- 

nine at the concentrations shown to be inhibitory for 

virus multiplication in tissue culture would decrease the 

rate of oxygen uptake of chorioallantoic membrane tissue 

in the presence of glucose. Chorioallantoic membrane 

tissues from ten day old embryonated chicken eggs were 

removed aseptically and washed three times in the buffered 



nutrient solution. iembranes were weighed on a torsion 

balance after first removing free water on sterile blot- 

tin paper. Membranes approximating 250 m wet weight of 

tissue were distributed in sterile arburg flasks con- 

tathing either nutrient glucosol solution of pt-I 7.2 for 

use in the CO2-free atmosphere, or the bicarbonate nu- 

trient solution of pH 8.33 for use with the CO2 buffer 

system of Pardee (31, pp.1085-1088). Canavanine, where 

desired, was incorporated into the solution at a Gormen- 

tration of 0.2 mg per ml. Penicillin and streptomycin 

were added to suppress growth of any accidental bacterial 

contaminants. solution of 20 per cent KOH was contained 

in the center well when a CO2-free atmosphere was to be 

maintained. ihe diethanolamine mixture was used in studies 

employing a partial pressure of CO2. Oxygen uptake was 

followed manometrically according to the standard methods 

of Umbreit, 3arris and Stauffer (49, pp.1-37). headings 

were made at half hour intervals for periods extending from 

six to ten hours. ihe thermostat was maintained at 370C, 

At the completion of each experiment, the contents 

of each flask were tested for sterility by inoculation of' 

0.1 ml into thioglycollate broth. tIhe membranes from each 

flask were removed and washed in distilled water and dried 

at 1100C for approximately 24 hours. The dry weight of 

tissue contained in each flask was determined and the 



the oxygen uptake was calculated in terms of microliters 

per mg of dry weight of tissue. 

In Table 12 three experiments are tabulated in- 

volving the effect of canavanine upon the respiration of 

chorloallantoic membrane tissues. The rate of oxygen 

uptake per milligram of dry weight of' tissue per hour in 

a CO2-free atmosphere in a nutrient glucosol solution is 

indicated at periods of two, four and six hours and, in 

two experiments, after eight hours of incubation. No 

significant inhibition of respiration was noted during 

this period of incubation. In examining the rates of 

oxygen uptake indicated for those tissues incubated in 

the presence of canavanine, lt appeared. that a gradual 

decrease in rate of oxygen uptake might be occurring. 

This suggested that longer periods of contact of' the 

tissue with the canavanine solution might result in a 

significant depression of respiration by the compound. 

Furthermore, the period of maximum virus formation in the 

tissue is probably between 12 and 36 hours. Accordingly, 

in experiment three, indicated on Table 12, the period of 

incubation was extended to 18 hours during which time the 

flask was shaken continuously in the 370C water bath with 

the manometer open to the air. After the 18 hour period 

the manometer was closed off and the rate of oxygen up- 

take again followed over a five hour period. It can be 



Table 12 

The effect of L-canavsnine upon the Rate of Oxygen 
ptae by Chortoaliantoic I!erabrane Tissue in the 

resence of Gluoose 

Rate of oxygen uptake in microliters per milligram of 
yweight of chorioallantoic membrane tissue er hour 

Control, Cana- Ccntrol, Cana- Control, Cans- 
no cana- vanine, no cana- vanine, no cna- Vanine, 

Period of vanine 0.2 mg vanine 0.2 rig vaniiie 0.2 ing 
incubation per nul per ml per u) 

2 hours 6.8 6.4 7.1 .9 6.2 7.1 
4 hours 6.,? ti.2 7... 6.6 b,9 
6 hours .7 ò.1 7.0 ..L 
8 hours h.? 6.1 7.0 o.0 

18 hours incu- 
bation plus 

i hour 4.8 4.5 
2 hours 4.7 4.8 
3 hours 5.0 
4 hours 5.0 
5 hours 4.3 5.0 



Table 12 (continued) 

1. Respiration of' chorloallentoic membrane tissue was measured in a 002 free atmosphere in nutrient 1ucoso1 solution buffered at pH 7.2. The formula of the nutrient glucosol solution is idontie i to that used in tissue culture studies. 
2. iach flask contained e total fluid volume of 3.2 ml and approximately '50 m wet weight of choriocliantoic membrane, which upon completion of the experiment as dried at 11000 for 20 hours and yielded roughly 10 to 

12 mg dry weight cf tissue. 
3. Oxygen uptake is c'1cu1ated on the basis of mieroliters per milligram of dry weight of membrane. 

o 
p 
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seen from these results that the rate of oxygen uptake 

in both cases is lower than the rate during the first six 

hours. However, after this 18 to 23 hour incubation per- 

bd, canavanine seemed to cause no depression of the res- 

piration of t'ne chorboallantoic membrane tissue. 

The effect of canavanine upon the rate of respi- 

ration of ohorboallantoic membrane when both were incu- 

bated together for a longer period was investigated using 

diethanolamine in the center well nd a partial pressure 

of CO2, estimated to be 3 per cent, in the flask. Oxygen 

uptake was followed during the first seven hours incuba- 

tion after which time the flasks were removed from the 

water bath, stoppered with a sterile rubber stopper and 

incubated at 350C for the next 36 hours. ihe diethano- 

lamine was carefully removed and replaced with fresh die- 

thanolamine and again placed on the manometer and incu- 

bated with shaking in the 370C water bath. i\fter eq,uili- 

bretton the rete of oxygen uptake was again followed. 

Oxygen uptake 's calculated per millie ram of dry weight 

of tissue. Fiesults of' this experiment are indicated in 

Table 13. 

Canavanine appeared to cause a slight initial de- 

pression of respiration of the tissue in this experiment 

when compared with control flasks containing no canavanine. 

The depression is only of the order of eight to ten per 



abie 13 

The Effect of 1Canavan1ne upon trie kiate of' Oxygen 
Uptake by riorioallantoic riemrane lissue 

after an ixtended IncuDation 

Iate of oxygen uptake in mieroliters per 
m11ì1graa of 3ry weight of tissue per 
hour in a 3 per cent CO2 atmosphere 

Period of Control, no Canavanine at 
incubation canavanine 0.2 ig per ml 

2 hours 6.9 6.0 
4 hours 7.3 6.4 
6 hours 7.2 6.4 
7 hours 7.1 6.5 

43 hours incu- 
bation plus 

2 hours 2.7 2.7 
4 hours 2.8 2.9 
6 hours 2.9 3.2 
7 hours 2.9 

1. Each Warburg flask contained 0.6 ml diethanolarnine 
mixture in the center well, 2.6 ini bicarbonate- 
nutrient solution of pH 8.33 and. approximately 250 mg 
wet weight of crorioallantoic membrane in the main 
compartment. 

2. Oxygen uptake was ;ueasured manometrically dring in- 
cubation at 37°C with readings oeing made every half 
hour. 

:3. At the end of trie first seven hours of incubation, the 
flasks were removed. from the bath and their manometers, 
stoppered with sterile rubber stoppers and held at 35°C 
for the next 36 hours. At the end of tnis time, tne 
diethanolamine was removed and replaced with fresh 
solution and respiration was followed for the next 
seven hours. 

4. aates of oxygen uptake are calculated in microliters 
per milligram of dry weight of tissue per hour. 
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cent. What Is of more importance Is that this effect does 

not appear to persist. During the 44 to 50 hour incuba- 

tion period at which time ttie virus titer would reach a 

maximum, no difference in respiration can be observed 

between membranes in the presence of eanavanine at 0.2 

mg per nil or with no canavanirie present. £n both cases 

the rate fell to no more than half the initial rate. The 

combined data in lables 12 and 13 seem to indicate that 

canavanine does not exert its effect upon virus develop- 

ment through inhibition of the respiration of the tissue. 

ihe rates of respiration of chorloallantoic meni- 

brane tissue appear to be lower than respiration rates of 

bacterial suspensions. the rates of oxygen uptake indi- 

cated. for the membranes of Table 12 and 13 are in agree- 

ment or slightly higher than data indicated by Ackermann 

(1, pp.423-k125). Some difficulty in direct comparison 

between this data is noted due to differences in calcula- 

tian of oxygen uptake. Ackermann's respiration experi- 

rnents were carried out with membranes removed from 14 day 

old embryos and rates of oxygen uptake were calculated 

as microliters of oxygen per 200 m of moist tissue per 

30 minute period. 

Investigations of the effect on virus content of 

the tissue. The final phase of virus development during 

which canavanine might exert an interfering effect is the 



6k 

period of' release of the virus from the cell. If' cana- 

vanine did interfere with virus liberation, we would 

exect to find, upon breaking of' the cell and subsequent 

release of the virus, comparable hemagglutinin titers 

between untreated infected control tissues and canavanine 

treated infected tissues. This questi was investigated 

in one experiment in which canavanine was administered 

to one group of ten day old. chick embryos in a 20 mg dose 

and a control grou1 received no canavanine. After one 

hour, all eggs were inoculated with 50 ID50 Lee influenza 

virus by the allantoic route. Following hours incuba- 

tion the allantoic fluids were removed from each egg sur- 

viving the treatment and the chorioallantoic membranes of 

six eggs in each group were harvested. The hemag1utinin 

titer of allaritoic fluid virus of the control group was 

much higher than the titer of the treated group, the dif- 

ference being of the order of 200 fold. 

The membranes from each egg were washed in three 

changes of saline and, after blotting, weighed. A ten per 

cent suspension of each membrane was prepared in a chilled 

'Jaring blender in chilled saline tc avoid excess heating. 

Each membr.ne was subjected to an arbitrary but definite 

time of five minutes in the blender. Each tissue suspen- 

sion was centrifuged at about 1500 r.p.m. for 7 minutes 

and hemagglutinin titrations were carried out on the 
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supernat.ant. fluids. It was found that the inhibition of 

virus development by canavanine as noted by titration of 

the allantoic fluid was also evident by titration of the 

membranes. This data lent additional support to the view 

that canavanine interferes with soriie step in the biosyn- 

thesis of' the virus in the tissue, so that insufficient 

virus is produced to be observed by the hemagglutinin ti- 

tra tions, 

Investigations on Lee influenza virus infection 

_1 mice. 1t was of interest to determine whether canava- 

nine could exert this same inhibitory effect upon Lee 

influenza virus infection in mice. Canavanine was passed 

bhrough a 250 mesh screen to produce a small and fairly 

constant particle size. No sterilization of the cenava- 

nine was attempted due to its instability to heat. A 

known quantity was weighed out and a suspension made in 

sterile sesame oil containing two per cent of aluminum 

monostearate to give a final concentration of 300 ing of 

canavanine per ml. The virus used as the inoculu.m was 

maintained in mouse lung;, coarsely minced and frozen. An 

infectivity titration in mice was performed on a portion 

of this mouse lung virus previous to initiation of this 

exceriment. 

Five groups of ten Swiss mice per group ranging 

in weight from 16 to 19 grams were selected. iwo groujs 



were tnoculated. under etherization by nasal installation 

of three mouse ID50 of the virus in 0,05 ini VoiuìnCS. 

Two more groups received an inoculation of 30 mouse ID50 

intranasally in the same 0.05 ml volume. Over a ten day 

period, daily injections of 15 m of canavanine, equiva- 

lent to approximately 850 m per kilogram of body weight, 

were given intramuscularly to one 'rOup of mice at each of 

the two virus dose levels. One group of each dose level 

received no canavanine. 'Ïhe fifth roup of mice received 

daily canavanine injections but was not inoculated with 

the virus. Deaths were recorded duri% the progress of 

the experiment as +. At the end of ten days of treat- 

ment, all remaining mice were sacrificed by over-etheriza- 

tl.on and the lungs of each mouse removed and graded as 

to the extent of the area of lur involvement . Lungs 

showing approximately one-fourth of the area consolidated 

were graded as f; lung s one-half consolidated were graded 

as 2+, and. lungs three-fourths consolidated were graded 

as 3+. Results of this experiment are Indicated, in 'iable 

1. At these dose levels of Lee influenza virus and L- 

canavanine, no significant differences c.n be noted among 

the infected groups. 'Ihe majority of the mice in all 

groups succumbed to the infection whether treated with 

canavanine or not. 



lable 14 

investigation of the ffect of L-Canavanine upon 
the Progress of Lee Influenza Infection in the Mouse 

3everity of infection resulting from the following treatments: 

Mouse to virus, 30 MIDp 3 MIDp 
Number canavanine Control Canavanine Control Canavanine 

4+ 4+ 4+ 4+ 4+ 
* 

2 -- 4+ 4+ 
-- 
-- 4+ 4+ 4+ 

5 4+ 4 4+ 
6 -- 4+ 4+ 4+ 4+ 
7 -- 4+ 4+ 4+ 
8 4+ 4+ 3+ 3+ 
9 -- 4+ 4+ 2+ 3+ 

12 - 4+ 4+ + 3+ 

*Djed during inoculation with virus at beginning of the experiment. 

1. severity of infection is graded on a plan of 4+ indicating trie death of the 
nouse and 3+, 2+ and + representing areas of three-fourths, one half and one- 
fourth of the lung area, respectively, showing consolidation on sacrifice of 
the mouse at ten days following infection. 

2. MID50 = Dose causing death of 50 per cent of a g roup of 5 or more mice. 
Inoculation of the mice is made by intranasal instillation under light ether- 
ization of 0,05 ml of inoculum containing the desired dose. 

:3. Canavanine was administered intramuscularly in 15 mg doses of a sesame oil 
susens1on daily over the period of ten days. 

C' 
-J 



£nvestlgatlons on the inhibition of other vlru$es. 

It was of further interest to see if canavinine would 

influence the development of other viruses in the chicken 

embryo. Mumps virus and the PEi-8 strain of influenza A 

virus were investigated In this respect. Due to the 

slower development of mumps virus In the chick embryo, 

canavanine was aLministered in two doses. An initial dose 

of 10 m of canavanine in the allantoic sac preceded the 

virus inoculation of 100 EID50 by one hour. After three 

days incubation, a second injection of 10 m of canava- 

nine was given in an effort to maintain a higher canavanine 

level. Four days after the virus inoculation the allan- 

tole fluids were harvested and. titrated for 

as with influenza virus. In lable 15 no significant dif- 

ference was seen to occur between the eggs infected with 

mumps virus, whether receiving canavanine or not, at the 

dose levels used in this experiment. It is possible that 

a difference in biosynthetic pathways exists between mumps 

virus and Lee influenza virus and that the reaction inter- 

fered with by canavanine is not essential for the multip- 

lication of mumps virus. Other explanations are possible, 

however, as will be noted below. 

The development of the Pki-8 strain of influenza 

virus was also not inhibited by canavanine when adminis- 

tered in a single 20 mg dose to embryonated chicken eggs 
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¶iable 1 

Invetigtion of' the Effect of Canavan1re upon the inag- 
glutinin Titer of ?ups Virus in the Chick mbryo 

Egg Hernog1utin1n in hemaglut1nin in 
Number untreated control eggs treated with 

eggs two 10 m cnava- 
nine injections 

160 160 
2 160 160 
3 120 120 
¿4. 80 80 
5 80 60 
6 30 40 
7 30 4e 
8 60 30 
9 30 20 10 20 20 

kiemagglutinin titers of 
pooled fluIds 120 80 

Geometric atean 73.3 58.2 

1. hernagglutinin titers are expressed as tne reciprocal 
of' the highest dilution of allantoic fluid causing complete hemagglutination of' chicken red blood cells. 

2. reated egs received two 10 mg doses of canavanine 
injected Into the allantoic sac at one hour before 
virus inoculation 3nd 30 hours after virus inocula- 
tion. 

3. Virus ti.tratlons were carried out four days after inoculation of the eggs with 100 EID50 mumps virus. 
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receivIng 50 EID50 of the virus. Liesults of a single 

exerIrnent involving the attempted inhibition of Ph-8 in- 

f luenza virus by canavanine are reported in Table 16. In 

the chick embryo, a single Injection of 20 rug of oaavanine 
did not appear to influence the development of PR-B in- 

fluenza virus to any significant extent. However, izhen 

canavanine was subsequently tested in the nutrient medium 

of a tissue culture, the growth of PR-8 virus was markedly 

inhibited. Ihis inhibition was noted at levels of 0.4 mg 

per ml and 0.2 mg per ml in cultures inoculated with 
10,.3d 

EID50 of freshly harvested .PR-8 influenza A virus 

per culture. In considering an explanation for this 

difference, the most striking variable is in the method 

of cultivation, with inhibition occurring vitro. but 

not A .9.Y&. It appears that the Lee strain of influenza 

virus is more suscet1ble to canavanine and is, perhaps, 
inhibited by a lower concentration of canevanine than is 

the PR-B strain. Perhaps in the chick embryo, the con- 

oentration of cariavanine injected decreases at a relatively 

rapid rate through the normal routes of metabolism, enzy- 

matie degradation and even the instability of the corn ound. 

This decrease in concentration may not occur to the saue 

extent or at the same rate in tissue culture as it does 

in the intact embryo and, possibly, the Inhibitory oonen- 

tration of canavanine is more easily maintained. If this 
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Table 16 

Investigatton of the Effect of Canav&ntne upon the íemag- 
iutin&fl Àiter of Pu-8 Lut luenza '/tru Lu the ChLoi Lmbx7o 

Egg Hemagglutinin in Hemag1uttn1n tn 
Nunber untreated control egt treated wtth 

i cnvn1ne 

i M8Q 320 
2 80 240 

3 320 20 
320 20 

5 320 120 

6 2O 120 

7 160 
8 160 

Heaagluttntn 
titers of 
pooled fluids 20 320 

Geotnetrtc mean 305.1 199.8 

1. ìIem&ggluttnin titers are expressed as the reciprocal 
of the highest dIlution of allantoic fluid oausln 
complete hemagglutiriatton or ohtcen red blood oeils. 

2. Treated eggs reoeived 20 mg canavantne injected. into 
the linnt,ic sac. One hour later ali e . s. received 
50 EXD5 PR-B influenza virus by the same route 

nc were 1noubatec at 35°C. 

3. Virw t1trt1on wore earned out +-48 hours after 
inoculatIon of the eggs with 50 IDc influenza 
V i rux. 



72 

is the case, and Lee influenza virus is more suscejtible 

to canavanine, we might expect its inhibition in trie 

chick embryo, wiereas the more resistant Pü-8 strain is 

not inhibited. 
In the light of these results lt is possible 

that the failure of canavanine to inhibit mumps virus in 

the chick embryo may also be due to similar factors, 

rather than some specific difference between the bio- 

synthetic pathways of trie two viruses. iests with mumps 

virus in tissue culture have not been carried out. 
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Inhibition Studies Involving 

Isopropyl l3tguanid.e Hydrochloride 

Because canavaninc was able to produce a definite 

inhibition of t}e develoment of the Lee strain of in- 

fluenza virus, it was desirable to investiae whether 

other compounds possessing the uanL1ine group might also 

exert a similar effect upon virus development. A number 

of preparations, yntheized by the American Cyanamid 

Company &s substituted guanylurea and biguanid.e compounds, 

were made available for this purpose. The fo1lowin 

chemical compounds were tested for anti-viral activity: 

guanylurea phospnate , beuzoyl guanylurea , cyclohexyl 

guanylurea, dodecyl guanylurea, isopropyl biguanide hy- 

drochioride and phenyl biguanide hydrochloride. Of these, 

only isopropyl biguanide and benzoyl guanylurea appeared 

to inhibit virus development. As but a small amount of 

benzoyl guanylurea was available, only a limited number 

of experiments involving dose relationships of virus and. 

compound were performed. Isopropyl bigunide exerted a 

more complete inhibition of virus development than did the 

benzoyl guanylurea compound, and t'or this reason it was of 

interest to investigate its anti-viral activity. 

A sample of 1,1-dimethyl biguanide hydrochloride 

which was similar to isopropyl biguanide in structure 
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except for the substitution of two methyl groupins in 

place of the isopropyl portion of' the molecule, also in- 

hibited the development of Lee influenza virus in the 

chick embryo at the same dose level. ihe dosage necessary 

to cause complete inhibition of hemaggluti.nin in tissue 

culture was similar to the dose of isopropyl biguanide 

re3uired to show the same activity. This compound is 
identical to the one reported by Garcia (12, pp.289-292) 

to be effective in supressing the symptoms of clinical 

cases of influenza. 

Chioroguanide, tne antimalarial mentioned earlier 

to be i-(p-chlorophenyl)-5-isopropyl biguanide hydrochlo- 

ride, produced no inhibition of Lee influenza virus mul- 

tiplication in the chick embryo. 
A number of biguanides and g uanidine derivatives 

which were made available as part of a study in organic 

synthesis by David Nyberg of the Department of Chemistry 

et Oregon State College also failed to show any evidence 

of anti-viral activity. 'Ihe compounds investigated were 

ethoxydl.guanide bisulfate, n-propoxy diguanide bisulfate, 
iso-Dropoxydiguanide bisulfate, ethoxyguanidine sulfate, 
ca.rboxy-methoxyguanidine and 3-methyl butoxyguanluine 

nitrate. 
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In early experiments employing Isopropyl biguanide 

this compound exhibited a marked innibitory effect on the 

multiplication of Lee influenza virus in the chick embryo. 

This activity was easily demonstrated for about a nine 

month period. Toward the end of the investigatior, ¿reat 

variability was noted among the treated ,roups. In the 

latest studies the degree of inhibition was much less 

complete, though still significant. hatios of hemagglu- 

tinin titers of control to treated groups in later tests 

ranged from 2 to about 8, where in earlier investigations, 

hemagglutinin was almost completely absent in the allan- 

toic fluid of chick embryos treated with the 10 mg dose 

Of isopropyl biguanide, and the ratio of titers control 

to those of treated groups would be more in the nel or- 

hood of ko to 160. 

In this report involving the inhibition of Lee 

influenza virus development by isopropyl biguanicie, the 

data will be presented more or less chronologically and, 

when it is necessary to deviate from this plsn it will be 

noted. The early portion of the investigation is reported 

first, during which time the extent of the inhibition was 

examined and some studies concerning the mechanism of the 

inhibition were carried out. At the point where the change 

in the degree of inhibition was noted, the factors that 
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might have accounted for th.s difference are discussed 

as well as some experiments that were aimed at uncovering 

the responsible factors. Finally, the effect of isopropyl 

biguanide in tissue culture is examined and the effect of' 

the compound on Lee influenza virus in mice investigated.. 

Investigations in the onick embryo. ihe develop- 

ment of Lee influenza virus was found to be markedly in- 

hibited by an intra-allantoic injection of 10 mg of iso- 

propyl biguanide. In 2able 17 is reported the results of 

a typical experiment wherein ten day old chick embryos 

were inoculated with 50 k iD5Q Lee influenza virus one hour 

after treating the egs with isopropyl biguanide. ihe 

ratio of the hemaglutinin titer of the pooled fluids of' 

the untreated control roup to that of the treated group 

is indicated to be 16 to i or greater. In lable 17 the 

lowest dilution titrated was the 1:20 dilution and. a zero 

titer indicates that no significant ag alutination occurred 

at this dilution. If agglutination was present but was 

incomplete, it is assumed it would have been complete at 

1:10 and a titer of 10 is indicated. For calculation of 

the geometric mean, all zero titers were assumed. to be 10. 

When this calculation was made, a fourteen fold difference 

still was noted between the two groups of iable 17. ihe 

actual difference was probably greater. 
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Table 17 

Inhibition of the Development of Lee Influenza Virus in 
the Chick Embryo by 10 mg isopropyl iguanlde Hydrohlor1de 
Egg Iemagglutlnln ilemai.tlniri in 
Number in untreated eggs treated with 

control eggs 10 mg IBG 

1 320 lo 

2 320 10 

3 320 0 
4 240 0 
5 240 0 
6 240 o 

7 160 0 
8 80 0 
9 40 0 

10 0 0 

Hemagglutinin 
titer of 
pooled fluids 160 L!] 

Geometric mean 137.0 10 

1. IJO is isopropyl biguanide iydroctilorlde. 

2. iiemagglutinin titers are expressed as the reciroca1 
of the highest dilution of allantoic fluid causing 
complete hemag1utination of chicken red olood cells. 

3. Treated eggs received 10 mg I±G injected into the al- 
lantoic sac. One hour later all eggs received 50 
EID5O of virus by the same route and were incubated 
at 5OC. 

4. Virus titrations were carried out 44-48 hours after 
inoculation of the eggs with 50 EID50 Lee influenza 
virus. 

5. As the lowest dilutioii titrated was a 1:20 dilution, 
all eggs recorded. as zero skiowed no agglutination at 
this dilution and were arbitrarily assigned a titer 
of 10 for the calculation of the geometric mean. 

6. A titer of 10 indicates the presence of some heuiag- 
glutinin at the 1:20 dilution but the endpoint was be- 
low that dilution. ihe value of 10 was arbitrarily 
assigned to these fluids. 



With such a noticeable effect ori the virus as 

measured by hemagglutinin, it was next of interest to ob- 

serve whether a similar reduction might be found in the 

amount of infective virus formed. In Table 18, three ex- 

periments are reported. ihe first two of these experiments 

were performed during the period when marked inhibition of 

hemagglutinin was noted. Experiment three was carried out 

at a later date and the degree of inhibition of hemalu- 

tinatloti was considerably less. 'ïhe infectivity titers 

in this latter experiment were at levels that m1ht be 

predicted with hemag6lutinin titers of 96 and 12 and the 

difference of one loaritkimic unit in infectivity titer 

between the two . roups would be expected. the difference 

in Infectivity titers obtained. in experiment three was 

not statistically significant when 5 to 6 eggs per dilu- 

tion were used. In experiment one a significant differ- 

ence was indicated between the infectivity titers, but 

this difference would probably not greatly exceed one 

logarithmic unit. From the data available it appears 

that isopropyl biguanide at lo mg per egg caused a reduc- 

tion of infectivity of the Lee virus of the order of one 

logarithmic unit, indicating a roughly ten fold reduction 

in the concentration of infective virus in the allantoic 

fluids. 
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Table 18 

Effect of Isopropyl Bigianide upon the Development of Lee 
Influenza Virus as Determined by Infectivity Titration 

Experiment Virus IBG dose Hemagglu- ßID50 of 
Tber dose in m per tinin titer virus per 

embryo of pooled ml of pooled 
fluids fluids 

1 50 EID O 60 
50 EID50 10 10 10 

2 50 EID50 o 320 io8.75 

50 LID50 lo io io3,17 

3 50 EID50 0 96 

50 EID 10 12 io7.38 

1. IiO is isopropyl biguanide. 

2. kiemagglutinhn titers are expressed as the reciprocal 
of trie highest dilution of allantoic fluids causing 
complete hemagglutinatton of criicken red blood cells. 

:3. Treated eggs received 10 mg IBO injected into the 
allantoic sac. One hour later ali eggs received 53 
EID5o of virus by the sanie route and. were incubated 

at 35CC. 

Lf Virus titrations were crr1ed out -48 hours after 
inoculation of the eggs with 50 EID50 Lee influenza 
virus. 

5. Infectivity titers were determined by injection of 
0.1 ml of serial ten fold dilutions of pooled allan- 
toic fluids into groups of 5 to 6 eggs per dilution. 
After 44 hours incubation at 350C, presence or ab- 
sence of infection was determined by hemagglutination 
at a 1: dilution of the allantoic fluids. 

6. Experiment j was conducted during trie more recent 
period when inhibition was less complete. The two 
series of dilutions of fluIds for nemagglutinin ti- 
tration were started at 1:2 and 1:3, respectively. 



In Table 19 are presented results of experiments 

relating to the degree of' inhibition occurring when de- 

creasing doses of isopropyl biguanide were administered 

one hour before infection with 50 ID50 of Lee influenza 

virLLs. 

During the early investigations with isopropyl 

biguanid, inhibition of hemagglutinin production was 

striking even at a dose of 2.5 rug per embryo when this 

dose preceded the virus injection of 50 EID50. This 

inhibition at the 1. mg level, by statistical analysis, 

was not significant. These results emphasize the marked 

anti-viral activity of isopropyl biguanide during the 

early Investigations. 

ihe effect of a 10 mg dose of' isopropyl biguanide 

upon the amount of virus hemagglutinin formed following 

infection of the chick embryo with increasing doses of' 

virus is presented in Table 20. ïhis data was obtained 

in several experiments wherein the virus dose was in- 

creased from approximately 7 EID50 to 1,000,000 EID50. 

Striking inhibition was observed at the lower dose levels 

of 6.9 and 69 EID50. This inhibition of virus development 

by isopropyl biguanide had decressed considerably, although 

the difference was still significant at dose levels of 

12,000 EID50, Ten milligrams of isopropyl biguanide still 



Table 19 

Effect of' Dosage of Isopropyl biguanide upon the 
Cegree of inhibition of Lee influenza Virus 

Number of' eggs showing titers of uouetric asean 
Dosage Total nurn- of henaglutl- 
of IBG ber of eggs (lo or ('+30 or nm titers of 
per egg treated below) (20-30) (120-320) bove) all fiids 

10 mg 10 9 1 0 0 
5 ¡ng 10 6 3 1 0 22.6 

2.5mg 7 1 1 1 27». 
1.0 mg 10 1 3 5 1 131.5 
0.5 ng 10 0 2 6 2 210.0 
Control 20 1 1+ 10 5 201.6 

1. IßG is isopropyl biguanide. 

2. kIemagglutinia titers are expressed as the reciprocal of the highest dilution of 
allantoic fluid causing complete hemagglutination of chicken red blood cell3. 

:3. Treated eggs received the indicated dose of' isoproyl biguanide injected into 
the allantoic sac. One hour later all eggs received 50 EID50 of virus by the 
saine route and were incubated at 350C. 

4. Virus titrations were carried out ++-3 hours after inoculation of the eggs 
with 50 EID50 Lee virus. 

5. ts the lowest dilution titrated was the 1:20 dilution, all egs recorded as zero 
showed rio agglutination at this dilution and were arbitrarily assigned a titer 
of lo for the calculation of the geometric mean. 



Table 19, continued 

6. When the mean values for the hemagglutinin titers of the control group and 

the group receiving 1.0 mg IBG are compared using Fischer's "t" test (25, 

pp.151-170) and using logarithms of individual titers, a "t" value of 1.02 

is obtained. For 28 degrees of freedom this difference is not significant 

at the usually accepted .05 probability level. 



Table 20 

Influence of Virus Dosage on Inkilbltion of Lee influenza 
Viras by Isopropyl t3iguanide in the Crìlok mbryo 

Number of eggs with hemag- Hemaggluti- Geometric 
glutinin titers 9 Mn titers mean of 

EID50 13G dose (lo or (k80 or of pooled mdlvi- 
Virus mg per egg below) (20-80) (120-320) above) fluids dual eggs 

6.9 0 2 2 5 1 16o 100.8 
6.9 10 10 0 0 0 0 10.0 

69 0 0 0 8 2 320 248.3 
69 10 5 5 0 0 30 21.7 

1,200 0 0 0 4 6 480 450.1 
1,200 10 1 1 5 1 160 127.1 

12,000 0 1 0 7 2 320 207.5 
12,000 10 1 1 8 0 160 117.2 

78,000 0 0 2 6 0 160 151.3 
78,000 10 1 2 3 0 120 63.2 

100,000 0 5 2 3 0 10 60.0 
100,000 10 2 4 1 0 10 0.0 

1,000,000 0 9 1 0 0 10 11.2 
1,000,000 10 8 2 0 0 10 12.8 

1. IBG is isopropyl bìguanide. 
t') 



Table 20, continued 

2. Hemagglutinin titers are expressed as the reciprocal of the highest dilution 
causing complete hernag lutinatiori of chicken red blood oeils. 

:3. Treated eggs received 10 mg IßG injected into the ailantoic sac. One kwur 
later all e's received the indicated dose of virus as determined by in- 
fectivlty titration. 

J4 Virus titrations were carried out -8 hours after inoculation of the eg 
with the indicated virus dosage. 

5. When the mean values Çor the hemagglutinin titers in the treated and control 
groups receiving 12,000 EID5 are compared by using F1scìers "t' test (2, pp. 
151-170) and using logarithms Individual titers, a "t" value 2.62 
obtained. For 18 degrees of freedom this figure corresponds to a P value of' 
less than .02 indicating the observed difference is unlikely to be due to 
chance. 

o: 
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seemed to exert ari inhibitory effect ken 78,000 EID5 

of virus were inoculated. ihe same complicating factor 

noted previously in exper1ir.ents i1th very large cioses of 

virus Is also eviaent here. Virwì ioes of the order of 

niariitude of 100,000 iID and larger ae.ined to cause a 

marked reduction of the amount of v.ru synthesized. 'ihiS 

effect of self-inhibition was art.ou1Ltr1y marked when iO6 
ID50 of Lee influenza virus were injected and. only a very 

saa11 auiount of virus hemag1utinin cou1 be detected in 
the allantoic fluid. It apjear that the maximum ìni1bi- 

tory effect of isoropyl biguaniJe could be d.emonstrted 
when smaller doses of' virus were inoculated. The dif- 

ferenoes between treated and untreated control es were 

still of consierab1e magnitude following a dose of 69 

EID50 of vtrus, becoming much less as the dose approached 

1000 EID50. 'ihe data suggest that sny definite inhibi- 

tion of virus development that could be ascribed to the 

action of 10 m of isopropyl biguanide alone became insig- 

nificant as the virus dose exceeded approx1m.tely 12,000 

EID50 of virus per egg. At lower dose levels the degree 

of inhibition noted appears to be inversely related to 

the concentration of infectious virus in the inoculum. 

Hemagglutinin formation was conpietely suppressed 

when isopropyl biguanide was administered in a 10 mg dose 

via the yolk sac, Inoculation of the virus into the 



allantoi.c sac followed the compound injection by one hour. 

The results of such an experiment are shown in lable 21 

which Indicates greater than a 48 fold difference between 

heinagglutinin titers of fluids pooled from untreited con- 

trol eggs and a similar pool from a group of' es treated 
by the yolk sac route with this compound. V hen a value 

of 10 was given to allantoic fluids showing no agglutina- 

tion at the 1:20 dilution as was done in previous experi- 

ments reported, a 32 fold difference in the geometric means 

of the two groups was still oo served. As with canavanine, 

these results suggest that the anti-viral activity of 
isopropyl iguanide is not very likely to be due to a 

direct effect of the compound upon the virus when ooth 

are present together in the allantolo sac. ihe data sug- 

geste that isopropyl biguanide may e absorbed from the 

yolk sac to be distributed to the cells of the ailantoic 

sac wherein virus multiplication occurs. ütkiin the cells 

of the allantoic sac it seems to exert its eíïect. 

Investgations in vitro. Further experiments were 

conducted in vitro in an effort to more carefully deter- 

mine whether isoprooyl bi uanide did. cause any direct 

inactivation of the Lee influenza virus. In Thble 22 are 

recorded the results obtained in two exeriments when iso- 

propyl biguanide at a concentration of 2 m per ml was 

incubated together with allantoic fluid virus at temperatures 



1able 21 

Inhibition of Lee Influenza Virus in the Chick 
Embryo Resulting from the yolk Sac Injection 
of 10 mg Isopropyl iguan1de Hydrochloride 

Hemagglutinl.n Hemagglutinin 
Egg in untreated in eggs treated 
Number control eggs with 10 mg IG 

i 640 0 

2 640 0 

3 680 0 

4 320 0 

5 320 0 

6 320 0 

7 320 0 

8 320 

9 160 -- 

10 120 -- 

tiemagglutinin 
titer of pool- 
ed fluids 480 0 

Geometric mean 323.8 10 

1. IBO is Isopropyl k3iguanlde. 

2. Hemagglutinin titers are expressed as the reciprocal of 
the highest dilution of allantoic fluid causing complete 
hernagglutination of ci1eken red blood cells. 

3. Treated eggs received 10 mg IbG injected. into the yolk 
sac one hour before inoculation of 50 into the 
allantoic sac and were incubated at 350C. 

4. Virus titratlons were carried out 44-48 hours after 
inoculation of the eg gs with 50 EID50 Lee influenza 
virus. 

5. As the lowest dilution titrated was the 1:20 dilution, 
all eggs recorded as zero showed no ag glutination at 
this dilution and were arbitrarily assigned a titer of' 

io for the calculation of the geonetric mean. 



Table 22 

Investigation of an In Vitro ßffect of Isopropyl Biguanide 
upon the Hernagglutinin and Infectivity of Lee Influenza Virus 

Ex)eri- 18G Con- Temperature Hemaggluti- Infectivity pH of fluids 
nent centration and period fin titer titer (EID5 after incu- 
Number (mg per mi) of incubation per ml) batton 

I O before incubation 240 io6. - - 

2 before incubation 240 io67 - - 

o 100C - 20 hours 240 iO7'50 8.40 
2 100C - 20 hours 240 io7.00 
o 350C - 20 hours 320 io3'64 8.72 
2 35°C - 20 hours 320 <io2 880 

II O before incubation 160 io8'50 - 

o 350C - 2 hours 160 io"6 - - 

2 35°C - 2 hours 160 1O - - 

o io°c - 24 hours 120 108.20 8.70 
2 10°C - 24 hours 160 108.00 8,70 
0 35°C - 24 hours 160 io2'7- 8.70 
2 35°C - 24 hours 160 <102 8,74 

1. LBG is iso)ropyl biguanide. 



Table 22, CoTitinued 

2. Hemagglutinin titers are expressed as the reciprocal of the h1ghet dilution 
of allantoic fluid oausin, complete hemaglutination of chicken red blood celle. 

:3. Infectivity titers were determined by injection of 0.1 nl of bertal ten fold 
dilutions of virus fluids into groups of' ix or iiore eggs per dilution. After 
¿44 hours incubation t 5°C, presence or absence of infection was determined 
by hemagglutination at a 1:4 dilution. 

4. Virus in all preparations was freshly harvested allantoic fluid. 

5, All preparations were shown to be free from microorganisms by sterility tests 
at the end of the experiment. 
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of loo and 35°C for a 20 to 24 hour period and at 35°C 

for a 2 hour period. No demonstrable effect upon the 

virus hemagglutinin was observed at either temperature. 

On titration of the infectivity of the virus following 

the 20 to 24 hour incubation, isopropyl olguanide was 

found to exert no detrimental effect at the 100 tempera- 

ture. riowever, at 35°C the compound appeared to ease a 

reduction in the infectivity titer when compared with a 

similarly incubated control group containing no isopropyl 

biguanide. This effect was not noted at this temperature 

during a short incubation period of two hours. Incuba- 

tion at the 35°C temperature for a two hour period may 

have caused some decrease in infectivity of both prepara 

tions but no significant difference can be observed be- 

tweerì virus fluids with or without the presence of leo- 

propyl bi.guanlde. Apparently prolonged contact between 

the virus and isopropyl bigusnide at 35°C is necessary for 

any inactivation to occur. Possibly this action may con- 

tribute to the inhibitory effect of the compound on growth 

of ti-ic virus in the cnlck embryo, but lt seems unlikely 

that this can be the only mechanism or even the major 

method by which the compound effects the development of 

the virus. ïherefore, following any virus inoculation 

and its subsequent rapid adsorbtion, infection will ensue. 

The newly released virus will again be quickly adsorbed 



and the infection process will continue until the number 

of virus particles present in the allantoic fluid exceeds 

the number of available uninfected cells and the virus 

titer of the ailantoic fluid will tuien increase. if iso- 

projyl biguanide were likely to produce an effect by 

direct inactivation of the virus present, lt would be most 

likely to do so here, when both the infectivity titer and 

the hemagglutinin titer should be fairly high. As noted 
in Table 22, the hemaglutinin titer is unaffected by 

direct contact with isopropyl bivantde; only the in- 
feetive pro)erty of the virus particle is apparently de- 

stroyed by prolon, - ed contact. However, as indicated in 
Table 18, in some experiments in the chick embryo, the 

hernagglutinin titer may show a more striking reduction 

following treatment with this compound than the infectivity 

titer. It appears as though isorop yl biguanide acts more 

through interference with the normal synthesis of the 

virus than by a direct inactivating effect Upon the virus, 

though this effect must be considered in the end result of 

decreased virus production. before leaving these argu- 

ments, it must be mentioned that the compound might be 

converted through metabolism of the cell to another struc- 

ture which might exert a more pronounced direct effect upon 

the virus. Any such reaction would not be demonstrated in 



an experiment of the type described in 'Ïable 22. 

Investigation of resu1tinj inhibition following 

administration at various time intervals. e strong anti- 

viral activity of isopropyl biguanide was demonstrated in 
an experiment in which the time interval between virus 

and compound injections was varied. Isopropyl bivanide 

was administered. in a 10 rn dose to roups of ten day 

embryos by the allantoic route one hour before the virus 

injection and with different groups at 2, 2L, 36, or 44 

hours after the virus inoculation. The llantoic fluids 

were harvested 48 hours after inoculation of virus. 

Marked inhibition of virus development was observed in 
those groups receiving isopropyl biguanide one hour before 

the virus and at 2 and 24 hours after the virus inocula- 

tion, as recorded in Table 23. less striking, though 

still highly significant difference, was found on compari- 

son of the geometric mean of the control group with the 

means of the group receiving the injection as late as 36 

hours after the virus. When the treatment followed the 

virus inoculation by a 44 hour interval, no difference in 

degree of infection could be detected. The data again 

seems to suggest an interference with some essential step 

or steps necessary for the synthesis of intact hemagglu- 

tinating virus. 



Pable 23 

Influence of Time interval between Infection 
and Injection of Isopropyl 1guanide on 

Inhibition of Lee Influenza Virus 

IbO Number of eggs showing titers of Geo- 
lo mg (io or (480 or metric 
per egg below) (20-80) (120-320) above) mean 

lhour 
7 3 0 0 3.5 

before virus 

2 hours 
after virus 9 1 0 0 11.2 

24 hours 
after virus 9 7 2 0 24.0 

36 hours 
after virus 0 3 5 0 114.8 

44 hours 
after virus 0 2 4 4 285.3 

Control, no 
IßG O 1 10 9 290.2 

1. IBO is isopropyl biguanide. 

2. Hemagglutinin titers are expressed as tne reciprocal 
of the highest dilution of allantoic fluids causing 
complete hemagglutination of chicken red blood cells. 

:3. All eggs received 50 EID50 Lee influenza virus thocu- 
lated into the allantoic sao and were incubated at 
35°C for 48 hours after virus inoculation. 

4. As the lowest dilution titrated was the 1:20 dilution, 
all eggs recorded in the column '10 or below0 were ar- 
bltrari].y assigned a titer of 10 for the calculation 
of the geometric mean. 

5. On comparison of mean values for hemagglutinin titers 
of the control grous and the group treated 36 hours 
after the virus inoculation by use of Fischer's "t" 
test (25, pp.151-170) using logarithms of individual 
titers, a "t" value of 3.76 was obtained. For 26 de- 
grecs of freedom, this value is highly significant at 
the .05 significance level with this difference very 
unlikely to occur by chance. 
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Investigations on adsprptton virus host 

the presence The effect of isopropyl biguanide 

upon the adsorption of the virus to the tissue was inves- 

tigated and the data are reported in Table 24, Freshly 

removed chortoallantoic membranes were washed three times 

in sterile buffered saline, weighed aseptically, and added 

at one gram per ml to 1:2 and 1:5 dilutions of allantoic 

fluid virus both with and without isopropyl biguanide in 

a concentration of 2 mg per ml. Control fluids of each 

virus dilution not containing tissue and both with and 

without isopropyl biguanide, were prepared. Hemagglutinin 

titra.tions were carried out before incubation on a control 

fluid and after incubation at 5°C for 30 minutes on each 

preparation. Adsorption of 50 to 75 per cent of the virus 

present, as indicated by hemagglutinin titration, occurred 

during this incubation period. Ibopropyl biguanide was 

not observed to interfere with the adsorption of the virus 

to the oeils of the chorloallantoic membrare usina this 

method of measurement. 

Information accumulated at this point in the in- 

vestigation with respect to inhibition of Lee influen 

virus by Isopropyl bigusnide shows that a striking effect 

on virus development in the chick embryo was regularly 

obtained with a dose of 10 mg of the compound per egg. 



Table 2k 

Investigation of the Effect of .Lsopropyl biguanide 
Upon the Adsorption of Lee Influenza Virus on to 

Cells of Chorloaliantoic 1embrane Tissue 

Tissue Time of in- 
Virus IBG con- coneen- cubatlon at liemagglutinin 
Dilution centratlon tration 35°C titer 

1:2 0 0 before incubation 160 
1:2 0 0 30 minutes 120 
1:2 2 mg per ml 0 30 minutes 160 
1:2 0 1 gin per ml 30 minutes 40 
1:2 2 mg per ml 1 gin per ml 30 minutes 40 

1:5 0 0 ±efore incubation 40 
1:5 0 0 30 minutes 60 
1:5 2 mg per ml 0 30 minutes 40 
1:5 0 1 gin per ml 30 minutes 15 

1:5 2 mg per ml i gin per ml 30 minutes 20 

i. Hemagglutinin titers are expressed as the reciprocal of the highest dilu- 
tion of allantoic fluid causing complete hernagglutination of ciicken red 
blood oeils. 

2. The tissue used was freshly harvested chorloaliantoic membrane tissue whiei 
had beet-i washed three times in sterile saline and weighed using aseptic con- 
ditions, 

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

'o 
N) 



93 

Ratlos of hemagglutinin titers of pooled fluids of controls 

to those of treated. eggs rance from 40 to 160 and areater. 
Ratlos of geometric means of the control to treated groups 

usually fell between 10 and 6k. Isopropyl bi.guanlde does 

not seem to exert this anti-viral effect by interfering 

with the adsorption of tne virus to tne cell although it 

may cause some degree of direct inactivation of the in- 

fectivity of the virus during incubation at 350C over a 

20 to 24 hour period. ihe data at this point seems to 

suggest that isopropyl biguanide may more likely inter- 

fere with some intracellular step involved in the bio- 

synthesis of the virus particle. 

Investigation on the effect of IBO on tte growth 

.91: other viruses. It was felt that isopropyl biguanide 

might cause an inhibition of the development of Lee in- 

fluenza virus by interferin. with some cellular reaction 

which was also essential to the multiplication of other 

viruses. The effect of isopropyl biguanide upon tne mul- 

tiplication of the PH-8 strain of influenza A virus in the 

chick embryo was investigated by methods similar to those 

used. with the Lee strain of influenza £. .n injection of 

10 mg of the compound preceeded 50 EID5Q of Pu-8 virus by 

one hour. After 48 hours incubation at 35°C, it was noted 

that isopropyl biguanide was able to cause a definite 



inhibition of the PR-8 strain but a much less marked effect 

than that noted with Lee influenza virus. tiesuits illus- 

trating the degree of' inhibition are recorded in Table 25. 

A two to three fold difference in titers between the con- 

trol and treated groups is noted on observing either the 

hemagglutinin titer of' the fluids pooled from each eg or 

the actual calculation of the geometric means of each 

group. It appears that isopropyl biguanide is unable to 

inhibit the Pli-8 strain of influenza virus as completely 

as the Lee strain of this virus. iis difference may be 

a function of' the concentration of the compound necessary 

for trie inhibition of these two strains. ihe Lee strain 

appears to be somewhat more sensitive to the inhibitor 

than the PU-8 strain. 

Mumps virus inoculated into the allantoic sac of' 

eight day old embryos in a dose of 50 E1D50 and followed 

2 hours later with 10 mg of isopropyl biguanide by the 

same route was observed to be definitely inhibited when 

allantoic fluids were titrated four days after inocula- 

tion. Results of an experiment of this type are indicated 

in Table 26. Greater inhibition might have been possible 

if' more than a singlo injection had been used. Mumps virus 

is a relatively slow growing virus in comparison with the 

influenza viruses, taking: four to five days for maximum 
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lable 25 

Inhibition of the Development of kR-8 Influenza 
Virus in the Chick Embryo by lo mg Isopropyl 

Biguanide Hydrochloride 
Hemagglutinin Hemagglutinin 

Egg in untreated in eggs treated 
Number control eggs with 10 mg I3G 

1 480 320 

2 320 120 

3 240 80 

4 240 

5 240 60 

6 160 60 

7 160 60 

8 160 60 

9 120 40 

lo 

Hemagglutinin 
titer of pool- 
ed fluids 320 120 

Geometric mean 190.4 66.5 

1. 113G is isopropyl biguanide. 

2. ilemagglutinin titers are expressed as the reciprocal 
of the highest dilution of allantoic fluid causing corn- 
plete hemagglutination of chicken red blood cells. 

3. Treated eggs received 10 mg 1130 injected into the al- 
alantoic sac. One hour later all eggs received 50 
EIDÇ0 of virus by the same route and were incubated at 
35°t. 

4. Virus titrations were carried out 44-48 hours after 
inoculation of the eggs with 50 EID50 PI-8 influenza 
virus. 

5. As the lowest dilution titrated was the 1:20 dilution, 
all eggs recorded at zero showed no agglutination at 
this dilution and were arbitrarily assigned a titer of 
10 for the calculation of the geometric mean. 



Table 26 

Inhibition of the Development of Mumps Virus in the 
hiok Embryo by 10 rnp Isoropyi i3lguanUe Hydrochloride 

iieaiaggItin1n kiernalutinin 
gg Number in urìreated in eggs treated 

control eggs with 10 ing 

1 160 30 

2 80 20 

3 60 20 
¿4. 60 20 
5 60 10 

6 40 10 

7 40 10 

S ko o 

9 30 0 
10 

Hemagglutinin 
titer of pool- 
ed fluids 60 

eometric mean 54.2 12.8 

1. I3G is isopropyl biguarilde. 
2. Hemagglutinin titers are expressed as ttie reciprocal 

of the highest dilution of allantolo fluid causing 
complete hemagglutinatlon of chicken red blood cells. 

:3. Treated egs received 10 mg IG injected into the 
allantoic sac 24 hours after inoculation with 50 
EID50 mum ,s virus. 

J4. Virus titrations were carried out k days after inocu- 
lation of the eggs with 50 EID50 of mumps virus. 

5. As the lowest dilution titrated was 1:20 iilutiori, 
all eggs recorded as zero showed no agglutination at 
this dilution and were arbitrarily assigned a titer of 
lo for the calculation of the geometric mean. 

6. A titer of 10 indicates the presence of some hemag- 
glutinin at the 1:20 dilution but the endpoint was 
below that dilution. The value of 10 was arbitrarily 
assigned to these fluids. 
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development. In usina a single 10 mg injection, lt is 

much more difficult to maintain an inhibitory level of 

isopropyl biguanide in the allantoic fluid over this 

longer period. However, it appears that the compound 

also interferes with the development of mumps virus in 

the chick embryo. 

Observation of decreased effect of Isopropyl 

bluanlde. After about nine months of fairly intensive 

study with isopropyl biguanide, this phase of the problem 

was interrupted while investigations with other compounds 

and various problems were begun. 'vhen our attention was 

again returned to Isopropyl biguanide, lt was noted that 

the amount of inhibition resulting from a 10 mg dose of 
the compound was much less and more variable within a 

given experiment than in the period before the interrup- 

tion. The inhibition of the virus development, however, 

was still evident but much less complete. 1at1os of 
titers of hemagglutinin from pooled fluids of control and. 

treated groups were of the order of two to eight. It 

appeared that one of three changes might have occurred. 

First, the supply of isopropyl biguanide, though in the 

dry form, might have undergone sorne change such as a de- 
composition or structural alteration. i fresh quantity 
of isopropyl biguanide was received from the American 



Cyanamid Company and anotner sample synthesized by N. V. 

Philips-Roxane Weesp of the Netherlands was received from 

Dr. Brug of that firm. Jhen the two new samples were 

compared with the old, no one preparation demonstrated 

any more marked effect than the others. .?he inhibition 

was still variable from eg to eg and was not complete. 

Iatios of hemagglutinin titers of pooled fluids from 

control ani treated groups were equal to three or four 

in these tests. It appeared that the difference could 

not be accounted for as due to a decomposition of trie iso- 

propyl biguanide as fresh preparations from two sources 

did not display the earlier degree of inhibition. 

ihe second factor that might have accounted for 

the difference in the degree of' Inhibition was a change 

in the virus used in the tests. Since the first observa- 

tien of' the anti-viral activity of isopropyl iguanide, 

the virus had been transfered through approximately twenty 

egg passages and had become somewhat better adapted to 

growth in the chick embryo as indicated by higher hemag- 

glutinin and infectivity titers. It miht have been pos- 

sible that concurrently with this betcer adaptation to 

development in the cells of the chick embryo, some change 

in certain metabolic pathways used by the virus in bio- 

synthesis could have occurred. terhaps some cellular 



reactions sensitive to isopropyl biguanide were no longer 

specifically required for virus multiplicatiQn. This was 

investigated by use of virus from two stock preparations; 

one stock prepared from an early transfer of virus and 

used in the early studies with isopropyl biguanide, the 

other from the latest preparation of stock virus. 

Following treatment with isopropyl biguanide and 

infection with either one of' these two preparations of 

virus, no significant difference in the degree of inhibi- 

tion could be detected between eggs inoculated witn early 

passage Lee virus or the latest passage virus which was 

somewhat better adapted to growth in the chick embryo. 

The resulting inhibition again was more variable and less 

complete than that observed a year earlier. Differences 

in titers of' the hemagglutinin of pooled fluids of treated 

and untreated. control groups still showed only a three to 

four fold difference. 

To eliminate the possibility that a change may have 

occurred in our stock virus, perhaps even contamination 

with the PH-8 strain of influenza A, a new specimen was 

ordered from the American Type Culture Collection. Iso- 

propyl biguanide at 10 mg per egg demonstrated only a very 

slight degree of inhibitory activity against a virus moo- 

ulum of 50 EID50 of this virus. The ratio of hemagglutinin 

of pooled fluids of control to treated groups was slightly 
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greater than two. 

Ihe third factor that mlht be responsible for the 

difference and which was difficult to control was possible 

differences between lots of eggs. in the earliest s.udles 

involving isopropyl blguanide, White Leghorn eggs were 

made available through the kindness of Nr. si. A. tansen 

of hansen's Leghorn Farm. Later investigations were 
carried out using eggs from a breed of New Hampshire kìed 

hens from both the Oregon State Collee ioultry Depart- 

ment ani from aussell's Hatchery. it was therefore necee- 

sary to carry out several inhibition studies using eggs 

from both breeds of chickens arid with New Hampshire ked 

eggs from the Oregon State Collee flock and from i ussell's 

Hatchery. ihese investigations were carried out as far 

as practical and disclosed no striking differences that 
could be ascribed to the breed of chicken producing the 

eggs. it was suggested that dietary differences of the 

hens involved miìt be responsible for this failure to 

demonstrate a consistent deg ree of inhibition. ihe most 

striking; change in diet would possibly involve feeding of 

various antibiotics, aureomycin and streptomycin, and of 

vitamin B12 to different groups of chickens. lt was not 

possible to obtain sufficient information regarding the 

diets actually fed these chickens to assess the possible 

importance of this factor. It is known that neither 
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aureornycln nor streptomycin has any effect upon influenza 

infection and if it were possible for some amount of these 

antibiotics to be passed into the egg previous to hatch1n, 

it is not likely that this might effect the results of 

the inhibition studies. Vitamin B12 was also tested in 

tissue culture at concentrations of 100, 10 and 1 per 

ml against the complete inhibition resulting from isopropyl 

biguanide at 0.2 mg per ml. No suggestion of rever8al of 

the inhibition was noted at any concentration of the vita- 

min tested. 

However, the most logical variable appears to be 

in the eggs. This conclusion derives from the fact that 

the compound and the virus have both been eliminated as 

possible variables accounting for the decreased effect of 

IBG and from the fact that in tissue cultures of chick 

embryo membranes and Lee virus, no such change in the 

effect of the compound has been noted. In more recent 

tests it has produced the same marked inhibition of &rowth 

of the Lee virus as in early experiments, as will be des- 

cribed in the next section. 

At this point it is not possible to designate what 

specific factor in the egg may be responsible for this 

variation in inhibition. However, it is known that iso- 

propyl biguanide does inhibit to some degree the development 
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of the Lee strsi.n of' influenza virus in the embryonated. 

chicken eg and causes iarked inhibition of the virus 
in tissue culture. 

Inhibition studies in tissue culture with res- 

ìect virus titers in the tissue. Isopropyl biguanid.e 

at 0.2 mg per ml in tissue culture causes a very definite 

decrease in tie yield of Lee influenza virus from cells 

of chorloallantoic membrane ('48, pp.27-314). The degree 

of inhibition definitely varies with the size of the 
virus inoculum. Frozen virus, in wnich 90 per cent of 

the virus is likely to be inactivated upon freezing, stor- 

age and thawing, when used at a 1:100 dilution and in a 

volume of 0.1 ml as the inoculum for 2.0 ini of tissue 

culture fluid, may be completely inhibited by 0.2 mg per 

ml of isopropyl biguanide and inhibited to a slightly less 

extent by 0.1 and 0.05 mg of' isopropyl biguanide per ml. 

'hen freshly harvested virus was used as the inoculum at 

1:100 dilution, virus hernaglutinin titers of the control 
fluids were considerably higher and inhibition, though 

very marked at 0.2 rn per ml, was not always complete. 

Although tissue culture studies of' inhibition of 
the Lee virus by isopropyl biguanìde were carried out by 

Trosper (48, pp.273L), it appeared of interest subse- 

quently to examine the effect of the compound on the virus 
within the tissue itself. The earlier studies concerned 
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only the tissue culture fluids. number of experiments 

were carried out by the tissue culture teohniue previously 

de3cribed. in Table 27 the results of several experlment8 

are given wherein isopropyl biguanide was added to t1sue 

cultures at concentrations ranging from O. to 0.05 mg per 

ml. The nature and dilution of the virus inoculurn employed 

in each case is indicated. ihe geometri mean of tne herna- 

glutinth titers of tissue cultu:e fiuio.s ffom each tube are 

calculated. As described earlier, a value of 10 is used 

for this calculation then no agglutination was ooserved at 

the 1:20 dilution. ihe membranes from each culture tube in 

the given experimental groups were pooled, rinsed three 

times in saline and ground with iyrex glass with nortar 

and pestle to a measured dilution in bufferd saline. ihe 

amount of virus contained within the cells was released in 

this manner and determined by hemaglut1niri titration and 

infectivity titration. It was found that a consideraDle 

amount of viruî was present in these cells of the control 

membranes as è1i as in the membranes of cultures receiving 

the 0.05 mg per ml dose of isopropyl biguanide. In three 

of the four experiments, the hemagglutinin titer of the 

membranes from cultures receiving the 0.2 mg dose of iso- 

propyl biguanide indicated strìkin inhuiltion of virus 

development. it should be noted that the virus inoculum 
in each of' these three experiments was a dilution of frozen 



Table 27 

The Effect of Isopropyl i3lZuanlde upon the Amount of Virus Developing 
in Tissue Culture as Determined by Titration of the Fluids and the issue 

Geometric mean Hemalutì- infectivity 
Expert- IDO Con-. of hemagglutinin nm titer titer of pool- 
ment Virus centration titers of mdlvi- of pooled ed membrane 
Number Preparation (m per ml) dual culture fluids membranes (ID per gm) 

I Frozen virus 0.2 0 10 i0520 
1:100 dilution Control 167.8 k80 io6.50 

ii: Frozen virus 0»+ 

1:100 dilution 0,2 
0.05 

Control 

10 4O - - - 

10 kO - - - 

19.7 38+O - - - 

161.3 38kO - - - 

III Frozen virus 0.2 10 20 - - - 

1:1000 dilution 0.1 10 60 

0.05 25.5 80 i7.00 
Control 105.0 160 io7.36 

Iv Fresh virus 0.2 11.5 2560 io60 
1:10 dilution 0.1 +1.0 7680 io6.5 

0.05 168.6 10,240 - - - 

Control 277.1 15,360 io6.50 

o 



Table 27, continued 

i. 1J3G is Isopropyl biguanide. 

2. Hemagglutinin titers are expressed s the reciprocal of the highest dilu- 
tion causing complete heruagglutination of chicken red blood cells, 

3, As the lowest dilution titrated was the 1:20 dilution, all eggs showing in- 
complete or no agglutination at this dilution were arbitrarily assigned a 
titer of 10 for the calculation of' the geometric mean. 

4. Incubation of cultures was carried out at 35°C for Ll.6_48 hours on a recìpro- 
cating shaker, 

5. Membranes from each group of culture tubes were removed and rinsed three 
times in sterile saline and ground in sterile mortar and pestle with 
sterile ground Pyrex in buffered saline to a definite dilution. Hemagglu- 
tiruin and infectivity titrati.ons were carried out after centrifuging, 

6. A 1:100 dilution of frozen virus contained approximately i'5 EID50 per 
culture in a 0,1 tnl inoculurn. A 1:1000 dilution of frozen virus contained 
approximately io3'5 EID50 per culture in a 0.1 ml inoculum. The 1:10 dilu- 
tion of freshly harvested allantoic fluid virus contained approximately io7 
to io8 EID50 per culture in a 0.1 ml inoculum, 

o 
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virus. ihen a more concentrated preparation of fresh al- 

lantoic fluid virus was used as the 1nocu1rn, titration 
of the tissue culture fluids indicated a less conplete in- 

hibition of virus development, though a still kiigküy si,n1- 

ficait inhibition was obtained at the 0.2 mg per ml level. 

r1he hemagglutinin titers of the pooled membranes of control 

cultures indicated a high virus content in all four groupa 

of this experiment. ihis difference observed between ex- 

perirnent four and the first three experiments tabulated is 

very likely a reflection of the amount of virus in the in- 

oculum. 'Ihe infectivity titers, where indicated in experi- 

ment one and three, show a reduction in tne amount of in- 

fective virus present when isopropyl biguanide was present 

in the culture at a concentration of 0.2 rn per rd. This 

reduction in infectivity is not noted in experiment four 

and is possibly related again to the large virus inoculum. 

Isopropyl biguanide at 0.2 mg per ml caused a reduction in 

the amount of virus formed within the cell, though this ef- 

feet was much less apparent thun by titration of the culture 

fluids. It appears that the effect is retardation of the 

growth of the virus. The most interesting observation is 

that the infectivity titer in most instances is below the 

titer that would be assumed to accompany any hemagglutinin 

figures of these magnitudes. With hemagglutinin titers of 

the order of 1000 and. 10,000 infectivity values of i9 and 
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lolo might be expected.. This data sugests that at this 

stage of develooment a 1are amount of "incomplete" virus 

1 present in the tissue; that is, virus possess.n the 

properties of hemagglutination but as yet incapable of in- 

ducing infection. 

Effect of isopropyl b1uan1de on respiration of' 

tissue. J\s with the series of studies involv1n inhibition 

of virus multiplication by Icanavanine, it was necessary 

to perform a series of Warburg respirometer studies to see 

whether isopropyl biguanide exerted any effect on the res- 

piration of the tissue. Chorioallantoic membrane tissue 

from ten day old embryonated chicken eggs was washed three 

times in nutrient glucosol solution of pki 7.2 identical to 

that used in tissue cultures. After blott1n of the mein- 

brane to remove excess moisture, pieces of membrane approxi- 

mating 250 ing wet weiht of' tissue were weighed out and 

added to sterile Warburg flasks containing a given volume of' 

nutrient lucosol plus isopropyl biguanide at the desired 

concentration. Isopropyl biguanide was incorporated at 0.2 

mg per ml, the dose used in tissue culture for demonstrating 

maximum inhibition of hemagglutinin formation, and at 0.4 

mg er mi, twice the tissue culture dose. set of' control 

flasks contained no isopropyl biguanide. J 0.4 ml volume 

of 20 per cent KOH was added to the center well to m1nta1n 

a CO2-free atmosphere over the extended period. ihe total 
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volume contained in each flask was 3.2 nil. Incubation was 

carried out at 370C anti the flasks were allowed to equili- 

brate for 15 minutes. Mnometr1c reacItns were recorded 

every 1vlf hour far seven hours. At the end of this period, 

the 'nanometers were ooened to the atmosphere and the flasks 

allowed to incubate while shaking in the water bsth at this 

sne terersture for n additional ten hours, After 17 

hours total incubation time, the manometers were aa1n 

closed off and readings taken every 30 minutes during the 

17 to 24 hour period. hen the 4 hour period en1ed, the 

ti3sues from each flask were removed, rinsed and dried. 

The rate of oxygen uptake was calculated. in microliters of 

oxygen per milligram of dry weight of tissue per hour. In 

Table 28 results obtained in Warburg respiration studies 

re reported for 0.2 and O»+ mg of isopropyl biguanide per 

ml. of nutrient medium. On comparison with control f lask 

containing no 1soproyi biguanide, the respiration of the 

tissue was definitely impaired at the O. mg per ml concen- 

trqtton. At both 0.2 and 0,4 mg per ml the effect of the 

compound on th respiration of the tissues appeared to in- 

crea3e with tthe so that a rather marked inhibition of res- 

irstion was evident after six hours incubation. Mhen 

this tncubt1on oeriod was extended to 17 to 24 hours, res- 

piration of the tissue was very noticeably effected. A 

concentration of isopropyl biguanide of 0.4 mg per ml almost 



Table 28 

ihe Effect of Isopropyl Elguanide upon the kate of 
Oxygen Uptake by Chorloallantoic Áiembrane 

Tissue in the Presence of Glucose 

Rate of oxygen uptake in rnicroliters per 
milligram of dry weight of tissue per hour 
in a CO2-free atmosphere 

Period of Control, IG at 0.2 IG at 0.21 

incubation no lEG mg per ml mg per ml 
2 hours 5,9 5.9 
2+ hours 5,9 5.0 3,8 
6 hours 5,9 2+.2+ 3.2 

17 hours 
incuba- 
tion glus 

2 hours 

4 hours 4,1 

6 hours 3,9 

1.0 0.3 

1.2 0.3 
1.3 0.+ 

1. lEG is isopropyl biguanide. 

2. Respiration of chorloallantoic membrane tissue was 
measured in a CO2-free atmosphere in nutrient glu- 
cosol solution buffered at pH 7.2. 1ihe formula of 
the nutrient glucosol solution is identical to tnat 
used in tissue culture studies. 

3. bach flask contained a total fluid volume of 3.2 ml 
and approximately 250 mg wet weight of chorloallantoic 
membrane which, upon completion of the experiment, was 
dried at 1100C for 20 hours an3 yielded roughly 10 mg 
dry weight of tissue. 

2+. Oxygen uptake was ciculted on the basis of micro- 
liters per milligram of dry weiht of membrane. 
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completely inhibited respiration of the cells, as respi- 

ration decreased to less than lo per cent of that of the 

control flask. s the concentration of compound found to 

inhibit virus development in tissue culture also inhibits 

respiration after 17 hours incubation, this effect may be 

a very iiportant factor in the mechanism of inhibition of' 

virus development. 

It was of interest to investigate whether this 

same inhibition of respiration of the cells of the chorlo- 

allantoic membrane resulted on injection of 10 mg of iso- 

propyl biguanide into the allantoic sac. Following this 

injection of 10 mg, the effective maximum concentrat.ion 

of isoproyl biguanide in the would 

approximately 2 mg per ini, ten times the dose inhibitory 

in respiration studies in vitro. This was investigated 

by injection of a 10 ¡ng dose of' the compound into the 

allantoic sac of several ten day old chick embryos. A 

similar group received no injection. All eggs were re- 

incubated for an additional 46 hour period. At the end 

of this period of incubation, the chorloallantoic membranes 

from each group were removed and. prepared for respiration 

studies. Respiration was followed in a CO2-free atmospnere 

under the same experimental conditions as outlined for 

Table 28. One set of control flasks contained isopropyl 

biguanide at the 0.2 mg per ml concentration, while another 
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set contained no Isopropyl bivanic1e. ihe third set of 

flasks contained no compound in the Warburg flask, but 

trie membrane present was removed from eggs treated 46 

hours earlier with 10 mg of isopropyl bìguanide per egg. 

Respiration was followed as oxygen uptake during tne 

first eight kìours of incubation and, after incubation 

overnight, during the 18 to 25 hour period. £Iespiratlon 

rates as microliters of oxygen per milligram of dry weight 

of tissue per hour are recorded in Table 29. it was 

indicated from this experiment that ohorloallantoic mcm-. 

brane tissue removed from eggs treated 46 hours earlier 

with a 10 mg dose of isopropyl biguanide does not show 

a reduced rate of respiration when compared with mem- 

branes from untreated control eggs. i$opropyl biguarilde 

at the concentration used in tissue culture of' 0.2 mg 

per ml, however, caused a marked depresion of respira- 

tion when .)resent in culture in Warburg flasks. e 

might speculate that the inhibition of respiration is 

not a permanent impairment in the intact chick embryo, 

but that by the end of the 48 hour period of incubation 

the effective concentration of the compound is greatly 

reduced and the respiration again returns to its normal 

level. Another possible explanation is that following 

injection, the compound may be rapidly metabolized by 

the embryo or may undergo decomposition. In this way, 
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Table 29 

Investigation of the Effect of isopropyl k3iguanide 
Upon the Respiration of Chorloallantoic iembranes 

Removed from Eggs Injected 46 Hours Earlier 
with a Ten Milligram Dose of the Compound 

Rate of oxygen uptake in microliters per 
milligram of dry weight of tissue per hour 
in a CO2-free atmosphere 

Period Contol, 0.2 mg per lo mg IBG, 48 hours 
of incu- no IBO ml .LBG in before removal of 
bation flask membrane; no IBO 

in warburg flask 

2 hours 6.4 4.5 6.3 
3 hours 6.2 4.1 6.4 
6 hours 5,8 3.4 6.2 
8 hours 5.6 3.0 6.2 

18 hours 
incuba- 
tion plus 

2 hours 3.6 0,9 4.1 

4 hours 3.6 0.9 4.0 

6 hours 3.5 0.8 3.9 

1. IBO is isopropyl biguanide. 

2. Respiration of chorioallantoic membrane tissue was 
measured in a CO2-free atmosphere in nutrient glu- 
cosol solution buffered at pH 7.2. ihe formula of 
the nutrient glucosol solution is identical to that 
used in tissue culture studies. 

3. Each flask contained a total fluid volume of 3.2 ml 
and. apiroximately 250 mg wet weight of chorloallantoic 
membrane, which upon completion of the experiment was 
dried at 110°C for 20 hours and yielded roughly 10 mg 
dry weight of tissue. 

4. Oxygen uptake was calculated on tne basis of micro- 
liters per milligram of dry weight of membrane. 
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no Inhibition may be noted. the first suggestion seems 

the most probable, with isopropyl biguanide causing an 

initial decrease in respiration in the embryo. ihis 

effect is then lost either through the metabolism or 

detoxification of' the compound or because the tissue has 

been removed to an environment free from the compound. 

In either ease, the respiration of tne tissue may return 

to normal. However, this early effect in the chick em- 

bryo may be sufficient to cause a retardation in virus 

development which is observed in an experiment titrated 

at the L8 hour interval, in an experiment wherein ti- 

trations were performed tïìree and four days after treat- 

ment with the compound, tne kìemagglutinin was s1iht1y 

lower in the treated group when compard with the control 

on the third day. On the fourth day, no difference in 

hemagglutinin could be noted between the two groups of 

eggs titrated. 

iÑhatever the explanation may be, it seems probable 

that the mechanism of the inhibition is probably due to 

a combination of several factors. The complete inhibi- 

tion of virus development at 0.2 mg per ml in tissue 

culture may be chiefly a result of inhibition of respi- 

ration of the tissue. ome of the inhibition noted in 

the chick embryo may be a result of interference with 

some metabolic reaction, wherein isopropyl biguanide plays 
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the role of an ant1ret9bol1te. If respiration is inhi- 

bitea. by action of the compound shortly f ter its injec- 

tion into the egg, this in itself may allow for enough 

retardation of virus development to make some difference 

in hemagglutinin titers f the treated and untreated 

groups detectable. 

Investigations on the effect Lee influenza 

virus infection fl mice. The effect of' isopropyl bi- 

guanide U1)Ofl the prognosis of Lee Influenza virus in- 

fection in mice was extmined. iwo ,rouos of mice with 

weight ranges of 27.0 to 33.0 grams and 2+.6 to 27.0 

grams re3Jectively, were selected containing 20 mice in 

each group. The average weights of all mice in each 

¿roup was 30 grams and 26 grams, resect1vely. the mice 

of the lower weight range were held as the untreated. con- 

trol nice while the heavier mice received daily injec- 

tions of isopropyl biguanicle. Iwo dose levels of virus, 

eQuivalent to 10' and. io2.75 egg o per cent infectious 

doses, were inoculated by intreniisal instillation in a 

0.05 ml volume. Following sterilization in trie dry form 

at 11OC for ten hours, isoropyl biguanide was prepared 

as a suspension in sesame oil containing two per cent 

aluminum monostearate. The concentration of isopropyl 

biguanide in oil was 300 mg er ml. Ten mice of each 

virus dose group received daily intramuscular injections 



of 15 rug of the compound, equivalent to . dose of approxi- 

mately 5O) mg per ki1ogram of body weight per day. kf ter 

ten days of daily injections during which time deths of 

any mice were recorded and graded as k+, the remaining 

mice were sacrificed and. the lungs removed and graded as 

to extent of infection by observation of the area of lung 

consolidation as de3cribed previously in this section of 

the canavanine studies. 

It was observed that ten days of daily injections 

of isopropyl biguanide had no effect upon the infection 

of ailce by Lee influenza virus. All mice in each infec- 

ted group died, or showed marked pulmonary leions Iso- 

propyl biguanide apparently was unable to inhibit the 

development of the virus in the lung. This inability to 

exert a protective effect in mice may be a result of sev- 

eral factors. The compound may be detoxified or degraded. 

fairly rapidly in the body. It may thus be eliuinated 

rapidly in the urine without providing a sufficiently 
high blood level to cause the inhibition of the virus. 
Some sort of enzymatic degration of isopropyl biguanide 

may occur thus producing a com7ound. inactive as a virus 

inhibitor. Perhaps virus inhibition might be demonstra- 

ted if it were possible to treat the mice with a larger 

dose of isopropyl biguanidc or to give several repeated 
doses during each day of treìtment and thus maintain a 

higher blood level. 
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DISCUSSION 

Two chemical compounds, isopropyl biguanide hy- 

drochioride and L-eanavanlne, have been shown to exert an 

inhibitory effect upon the development of the Lee strain 

of the type k3 influenza virus. These two compounds, one 

be1ri an amino acid, the other a guanidine derivative, do 

have in common the guanidino grouping. It is interesting 

to note that several compounds possessing considerable 

structur1 similarity to both compounds were not observed 

to exert any inhibitory activity against tne Lee strain 

of the influenza virus. Some of these compounds tested 

were ethoxyuanidine sulfate, ethoxybiguanide bisulfate, 

n-propoxybiguan1ie and. 3-methyl butoxyguanidine nitrate. 

The only other bivanie compound found active was the 

1,1-dimethyl bìguanid.e with a structure almost identical 

to isopropyl biguanide. he only difference noted is the 

substitution of the dimethyl roup1n for the isopropyl 

group on one of the terminal nitrogen atoms of the bi- 

guanide. Both tkie isopropyl and dimethyl biguanides 

showed almost identical anti-viral activity in tissue 

culture and in tkìe chick eìbryo with respect to dosage 

required for inhibition. Mo compounds of close structural 

similarity to canavanine, except the desamino canavanine 
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and arginine, were investigated for anti-viral activity. 

Neither preparation caused any inhibition of virus nu1- 

tiplication in the chick embryo. In tissue culture, 

arinine, as well as lysine and ornithine, have been 

shown by Eaton (7, pp.506-507) to inhibit the Lee strain 

of influenza. 

It appears rather definite that canavanine and 

isopropyl biguanide inhibit virus development by dif- 

ferent mechanisms. Canavanine, as might be expected, 

seems to interfere directly with some step in which the 

amino acid arginine plays a role in virus multiplication. 

This was shown by the fact that arginine was able to 

cause a complete reversal of the inhibition of virus de- 

velopment Induced by canavanine at low concentrations. it 

was impossible to determine whether this inhibition by 

canavanine was of a competitive nature or not due to tne 

definite limitations of tissue culture and the demonstra- 

tion of virus inhibition by arginine, the apparent mcta- 

boute, at hiaher concentrations. the fact that canava- 

nine has been shown to inhibit a variety of organisms 

stimulates some s;meculation on whether the inhibitor in- 

fluences a step common for the development of all of the 

organisms thus inhibited. Data accumulated in studies 

with Escherichia coli (50, pp.89k-899), in which strains 

of both wild type and arginine requiring mutants were 



117 

inhibited, and with Neurospora strains (21, pp.371-376) 

c:3 pable of arginine synthesis, suggest the interference 

to be in a steg involving the utilization of arginine. 

However, variations in degree of inhibition by canavnine 

amoflg Neurospora strains studied, as well as separate 

reports of incidents of both competitive and non-competi- 

tive reversal by arginine (21, pp.371-376; 50, pp.89-899; 

42, p.10,116), might indicate sorne variation with respect 

to the definite metabolic pathway interfered with. At 

this point it is impossible to say exactly where canava- 

nine is involved in the inhibition of virus development. 

Arßinine has been shown to be present in the protein of 

the Lee virus (2&, pp.125-126) and it is reasonable to 

speculate that canavanine might interfere with incorpora- 

tion of the amino acid into virus protein. inis, of 

course, is only one of many possibilities. In an' case, 

the compound appears to interfere with the intracellular 

development of the virus. Tnis theory of an inhibition 

of virus synthesis is also supported by an accumulation 

of negative data which showed that canavrì1ne neither 

causes an effect on the adsorption of trie virus to the 

host tissue, nor does it cause direct inactivation of free 

virus in vitro. The compound causes no depression of res- 

piration of the tissue of the chorioallantoic membrane in 
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concentrations i.nhibitory to the virus. Furthermore, it 

was found to oause a marke5. reduction in the yield of 

virus contained within te cells of the chorioalla.ntoic 

ruenibrane as ei1 as in tne allantoic fluid. virus, sn 

hence did not apear to b interfering with the release 

of newly formed virus from the cell. Canavanine inhibi- 

tion of virus infection was limited to trie chick embryo 

or tissue culture arnon the hosL systems studied. In- 

fection with Lee influenza virus in mice was apparently 

unaffected by treatment with this compound. ihis may be 

related to the method and route of injection; a sesame 

oil suspension of tne compound was administered intra- 
muscularly. he destruction of canavanine in tne liver 

by the enzyme arinase is very likely, as the compound Ic 

slowly absorbed and distributed by the blood system. The 

large dose of virus necessary to infect mice is another 

unfavorable factor. 

Ihe mechanism by which isopropyl biguanid.e pro- 

duces its inhibition of virus rnultiplic3tion can not be 

as clearly delineated as in the case of canavanine. 

Isopropyl biguanide, in concentrations estimated to be 

present within the allantoic sac of the chick embryo fol- 

lowing injection of 10 mg, in in vitro experiments, de- 

monstrated some direct 1nact1vting effect upon the in- 

fectivity of the virus only during prolonged contact at 
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35°C. It Is most likely that the concntrat1on in the 

chick embryo decreases rther ted1iy on Incubation due 

to metbo11sm or enzymatic derLìdation of the compound. 

Furthermore, the virus 1riocu1ted Into the allantolc sac 

probably is not exposed for a very long period to the same 

high concentration of' compound resent in the vitro 

experiments due to rapid adsorption of the virus to the 
cells and its subsequent penetration into the cells. The 

corìcentr8tion of isopropyl biguanide used in tissue cul- 
turc was only one-tenth of that used in the vitro ex- 
periments and the likelihood that this concentration would 

still exert a noticeable direct effect on virus infectivity 
is rather sl1ht. 

Isopropyl biguanide was noted in a series of res- 
piration studies to cause a s1n1ficant reduction of oxy- 

gen uptake by chorloallantoic tissue aftef 17 to 24 riour3 

at concentrations used in tissue culture. ihis inter- 
ference with respiration could cause the inhibition of 
virus production in tissue cultures containing isopropyl 
bivanide, 

This coinround was not observed to interfere with 
the adsorption of the virus to triC cells of the chorlo- 
ailantoic membrane nor to inhibit trìe release of virus from 

these cells after its synthesis. 
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investigations by Trosper (&8, pp.35-5) in which 

reversal of Isopropyl bìguanicie inhibition was attempted 

by several metaboittes failed to show that any one of 

these compounds is involved in the mechanism of' action 

of isopropyl biguanide. the metabolites tested were L- 

arginine, L.-lysine, adenine, desoxyribonucleic äOid, p-. 

mìnobenzoic acid and folie acid. However, tne observa- 

ti.on of the decreased amount of inhibition of virus in- 

fection in the chick embryo during the second year's work 

and. the subsequent elimination of ohanes in ti'e virus 

arid in the compound as possible causes, seem to suggest 

the presence of some factor in the eggs able to influence 

the virus inhibitory activity of' isopropyl biguanide. 

This factor might be a dietary factor related to the me- 

chanism of the anti-viral activity of' the compound and, 

of course, antagonistic to this mechanism. It might also 

be an enzyme capable of attacking the compound. 

it is suggested by the results of the above men- 

tioned experiments that the mechanism by which isopropyl 

biguanide exerts its inhibitory activity Is an interplay 

of several factors, The inhibition of tissue respir.tion 

appears to be a definite factor in the inhibition of virus 

in tissue culture at concentrations of the compound of' 

0.2 mg per ml and higher. This may well be the most im- 

portant factor in the mechanism. I'he direct effect of 
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isopropyl biguanid.e upon the infective property of the 

virus may contribute to the inhibition, especially in 

the chick embryo, when the concentration of the compound 

is at 2.0 mg per ml or greater in eggs incubated at 370C 

for 40 to 48 hours. Furthermore, it is also possible 

that isopropyl biguanide may interfere with the normal 

synthesis or utilization of a metabolite essential for 

development of the cell and for multiplication of the 

virus. No evidence for the latter hypothesis exists, 

however. 

ihe anti-viral effect of canavanine appears to be 

due to a direct interference with some step involving ar- 

ginine wíAich is essential for normal development of the 

Lee influenza virus. Its influence on virus multiplica- 

tion appears to be a specific one. lt is clearly seen 

that canavanine and isopropyl biguanide, though both pos- 

sessthg a guanidino grouping and both exhibiting activity 

as inhibitors of the multiplication of Lee influenza 

virus, produce their respective effects by a different 

mechanism of action. 



SUMIIARX 

1. L-Canavanine and isopropyl biguanide hy- 

drochioride have been shown to inhibit the development 

of Lee influenza virus in the chick embryo and tissue 

culture. 

2. Twenty milligrams of L-eanavanine injected 

I 

into the allantoic sac of the chick embryo strongly in- 

hibited multiplication of 50 EID50 of influenza virus as 

indicated by titration of hemaglutinin and infectivity 

of the allantoic fluids. This same dose of canavanine 

caused significant inhibition with an inoculum as large 

as +5OO EID50 of' virus. Development of O EID50 was 

significantly retarded by as little as 2 mg canavanine. 

3. Optimal inhibitory activity of canavanirie 

was observed when injection of the compound slightly 

preceded the virus inoculum or followed its injection 

within a two hour period. 

Canavanine exerted no direct inactivating 

effect upon the hemagglutinin or tne infectivity of the 

virus when incubated with the compound at 10°C or 350C 

for a 2 hour oeriod. No effect on adsorption of the 

virus to the cells of the chorioallantoic membrane was 

observed when canavanine was incubated with the virus 

and the tissue. 
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5 s L.-Arginlne hydrochloride eff'ectiv ely reversed. 

the virus 1.nhibiting effect of canavan.ne. However, no 

investigations as to the competit1ve or non-conipetitive 

nature of the Inhibition could be satisfactorily carried 

out. 

6. Canavanine exerted no inhibitory effect upon 

the respiration of chorloallantoic membrane tissue over 

a 50 hour incubation period. 

7, Can8vanine showed no inhibition of develop- 

ment of mumps virus or the Ph-3 strain of' influenza A 

virus in the chick embryo, though the P'i-8 influenza virus 

was inhibited in tissue culture. 

8. .isopropyl biguanide hydrochloride strikin1y 

inhibited the development of Lee influenza virus as indi- 

cated by hemagglutinin and infectivity titrations in the 

chick embryo in early investigations. Later experiments 

showed a much decreased inhibition of' virus multiplication 

in this same system. No such change was noted in the 

inhibitory activity of' the compound for the virus in 

tissue culture. 

9. Ten milligrams of isoropyl biguanide effecti- 

vely inhibited development of an inoculum as great as 

12,000 EID50 of Lee influenza virus. Fifty EID50 were 

strongly inhibited by 2.5 mg of the compound. 
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10. Isopropyl biguanide in a concentration of 

2 mg per ml exhibited a direct effect upon the infecti- 

vity of Lee influenza virus when the two were incubated 

together at 35°C for 20 to 24 hours. mis same concen- 

tration of the compound was shown to have no effect upon 

the adsorption of the virus to the cells of the cnorio- 

allantoic menbrane. 

11. Isopropyl biguanide administered as long as 

36 hours after the virus inoculation significantly in- 

hibited virus development in the chick embryo. 

12. both mumps virus and tne Pli-8 strain of 

influenza virus were inhibited by isopropyl biguanide in 

the chick embryo, though to a lesser degree than in the 

case of Lee influenza virus, 

13. investigation of the virus content of the 

membranes of tissue cultures infected with Lee influenza 

virus following treatment with isopropyl biguanide were 

carried out. he compound reduced the amount of intra- 

cellular virus as indicated by both lowered hemagglutinin 
and. infectivity titers. Isopropyl biguanide does not 

appear to interfere with the release of virus from the 

infected cell. 

14. hespiration of chorioallantoic membrane 

tissue was significantly inhibited by concentrations of 

isopropyl biguanide found to interfere with virus mul- 

tiplication, during a 24 hour period. 
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15. No Influence on the course of infection by 

Lee influenza virus in mice was noted by daily adminis- 

tration of maximum tolerated doses of either canavnine 

or isopropyl biguanide by the intramuscular route. 
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