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TISSUE CULTURE STUDIES OF THE INHhiITION 
OF LL INFLUENZA VIRUS hY ISOPROPYL BIGUANIDE 

INTRODUCTI ON 

It is of interest to investigate t1e effect of cer- 
tain chemical compounds upon the g:rowth of the animal vir- 
uses, both as a fundamental study and in the search for 
ciieuiotkierapeutic agents. The use of metabolic antagonists 
is particularly well suited to ìoth types of study. Our 

knowledge of tuo metabolism of the bacterial cell has been 

Lreatly increased through investigations with antiinetabo- 

lites, and it is not unreasonable to assume that these types 
of compounds can also reveal valuable information in regard 
to the nutrition and metabolism of viruses. 

The need for chemotherapeutic aLonts against the 

virus diseases is at once apparent, and recent studies have 

indicated tu.at a valuable approach to this problem lies in 
the use of metabolic antagonists, especially those interfer- 
Ing with the amino acid and nucleic acid metabolism of the 
host cell-virus system. The present study was undertaken to 

investib ;ate, by means of the tissue culture technique, the 
inhibitory effect upon Lee influenza virus which has been 

found ii-i this laboratory when chick embryos infected with 

this virus are treated with isopropyl biguanide hydrochio- 
ride. Two other compounds which have been found to mf lu- 
ence growth of the virus in the chick embryo, DL-citrulline 



and L-canavanine, were also briefly studied. 
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HISTOFOECAL REVIEW 

Tite ability of influenza virus to reproduce and to 

produce hernag1utinins in tIssue cultures was first demon- 

strated by Weller and Enders (21, pp.127-128). Using the 

blaitland type of suspended cell culture, they observed that 

egg-adapted influenza A virus grew rapidly, the hemagglu- 

tinin appearin early in the incubation period and continu- 

Ing to rise until reaching, a maximum on the third day. Cul- 

tures prepared by suspending minced chorloallantoic membrane 

in a balanced salt solution g:ave an increase in the hemag- 

glutinin titer of 53S timos in 72 hours. Similar cultures 

of minced brain anti of minced amniotic membrane also gave 

significant but lesser increases. 

This study was of fundamental importance because the 

demonstration of virus rowth in a simple tissue culture 

provided a rapid and convenient method of determing the ef- 

fect of drugs and other compounds upon the multiplication of 

the virus and, with various modifications, thï method is 

now being widely used in such investigations. 

Tissue culture studies with several different viruses 

have established that various structural analogues of nat- 

ural rrietabolites, which have been shown to be antagonistic 

to the latter in one or more biological systems, are capable 

of inhibiting development of such viruses in the cultures. 

Several analogues of amino acIds and of the pune compon- 
ents of nucleic acids have been found active in this respect 
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Ackerìr]arm (2, pp.339-3)42) found that graded concentrations 
of DL-methoxinine produced a proportional inhibition of the 

growth of influenza A virus. The inhibition was rever8ed by 

methionine, increasing concentrations of the amino acid aiv- 
Ing progressively greater reversal. Methoxinine did not ap- 

pear to be destructive to the virus itself and inhibitory 
concentrations did not affect the endogenous respiration of 

the tissue. The observation that a combination of betaine 
plus homocysteino was able to produce only partial reversal 
of the inhibition by methoxinine led Ackermann to conclude 

that the mode of action of this antimetabolite was Interfer- 
ence with sorne function of methionine, rather than with its 

synthesis. 

The inhibition of poliomyelitis virus in tissue cul- 

tures by another methionine analogue, DL-ethionine, (3, pp. 

368-369) again demonstrated the effectiveness of this type 

of antirnetabolite. The inhibitory action of ethionine was 

not due to a direct destructive action on either the virus 
or the tissue and appeared to be specifically directed 
against its analogue, riiethionine. Although only partial re- 
versal of the inhibition of poliomyelitis virus was obtained 

by methionine, the action of othionine was apparently simi- 

lar to that of rnethoxinine in the case of influenza virus, 

and was considered to be due to interference with some phase 

of methionine metabOlism involved in biosynthesis of the 

virus. 
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Thompson and 11kin (19, p.1435) investigated the ac- 

tion of fi-2-thlenylalanine on vaccinia virus in suspended 

coli tissie culture and found marked suppression of virus 

multiplication by this compound. The addition of both a-2- 

thienylalanine and its a:alogue phenylalanine to the cul- 

turcs permitted Crowth of the virus, indicating that pheny- 

laianine in sorne way participated in the proliferation of 

the virus. 
Inhibition of influenza A virus by 1-amino acid de- 

rivatives in which reversal could not be demonstrated was 

that caused by several -aminosulfonic acids (1, pp.3óL- 

365). Of particular interest was the inhibition caused by 
d-aniinophenylrnethanosulfonic acid. This compound is struc.. 

turally similar to phenylalanine ana tyrosine but all at- 
tempts to reverse the inhibition caused bj the sulfonic acid 

by means of these two amino acids were unsuccessful. It was 

suggested that the action of the sulfonic acids was upon a 

cellular enzyme which had only a limited specificity for its 

substrate, that is, upon a sinle enzyme which normally had 

several substrates. Thus a complete reversal by any sin;le 
substrato would not be expected. 

Several diamidines and acridines have been observed 
to inhibit the growth of influenza A and 13 and mumps viruses 

in tissue cultures. Eaton, et ai. (5, pp.323-325) found 

that pentarnidine and stilbamidine inhibited mumps virus in 

concentrations of 0.5-5.0 ,Mg per ml, while slihtly higher 



concentrations were required to suppress growth of the in- 

fluenza viruses. The minimal inhibitory concentration of 

the diamidine necessary for inhibiticn of the virus in- 

creased with the initial concentration of virus present and 

with the time after inoculation of the virus at which the 

drug was added. 

Eaton, Cheever and Levenson (6, pp.L65-t.73) observed 

that the viruses of feline pneumonitis, meningopneumonitis, 

mumps, and influenza B were markedly or completely inhibited 
in the chick embryo by nitroacridine, while both the nitro 

and chioroacridine were effective against mumps and influ- 

enza A and B in tissue cultures. 
Both the diamidines and the acridinea appeared to 

exert their influence by an interference with the host cell 
metabolism. Tie inhibitory concentration of pentamidine 

produced an inhibition of respiration of the host tissue and 

it was sugCested that the diamidine possibly diverted energy 

from the synthetic processes of the host cell, thereby in- 

terfering with synthesis of the virus. Inhibitory concen- 

trations of the acridinos did not afect tissue respiration 
but were quite similar to the concentrations inhibiting mul- 
tiplication of the tissue fibroblasts, suggesting that the 

acridiries also acted by interfering with some synthetic pro- 
cess of the host cell. 

Noting that many microorganisms are inhibited by ana- 

logues and derivatives of the nucleic acid components, 
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Thompson and co-workers (lE, pp.530-532) 1nvestiated the 

effect of substituted purthes and pyrirnidines on vaccinia 
virus. Using suspended cell tissue cultures, they demon- 

strated the inhibition of the virus by 2,6-diarninopurine, 
benzirnidazole, and several haloenated purines. Three tri- 
azolopyrimidines and 2-aminopurine were inactive. Reversal 
experiments revealed that the inhibition of the virus by 

benzimidazole was not reversed by adenine, guanine or yeast 

nucleic acid. However, both yeast nucleic acid and adenine 
counteracted the inhibition by 2,Ó-diaminopurine. One of 
the limitations of tissue cultures is shown by the finding 

that neither 2,6_diaminopurine nor benzimidazole protected 
mice against a mouse-adapted strain of tuo vaccinia virus. 

Growth of flussian soring summer encephalitis virus in 

tissue culture has also been shown to be inhibited by 2,6- 
diamiriopurine (9, p.151). A concentration of the purine of 

io-3 molar suppressed virus growth, even when added to the 

culture as long as 2L. hours after inoculation of the virus. 
As was found with vaccinia virus, the inhibition of the en- 

cephalitis virus by 2,6-diamluopurine was reversed by ade- 

nine but not by guanine. Partial reversal by adenine was 

obtained when the reversing agent was added 2L. hours after 
the 2,6-diaminopuririe. 

Bivanide compounds have exhibited inhibitory action 
against diversified organisms. Acridyl biguanides (16, pp. 

293-29L.) were shown to inhibit the growth of rai jositive 
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arid crani negative microorganisms, including staphylococci, 

hernolytic streptococci, Eseherichia coli and Salmonella - 

posa. A biguanide compound of particular interst is l-p- 

chlorophenyl--isopropy1 biguanide. This compound, commonly 

known as paludrine or chiorguanide, is an active antimalar- 

ial (Li, pp.72I-725) and has also shown fungistatic and tu- 

berculostatic (1g, çp.l59-lO) activity. 

Isopropyl biguanide has been investiated for its ef- 
feet ori influenza 13 virus in the chick embryo (12, p.)4) and 

was found to give marked inhibition of virus growth when ad- 

ministered in a dose of 10 mg per egg. The compound pro- 

duced partial inhibition when given as late as 2L. hours 
after inoculation of the virus. The inhibitory action of 
lsopropyl biguanide did not appear to be due entirely to a 

direct effect on the virus. A concentration of 2 mg iso- 

propy]. bigruanide per ml did not show an in vitro effect on 

the heniagglutinating activity of the virus when held at 
37°C. for 2t hours. No effect ori infectivity could be do- 

tooted within 21j. hours at 10°C., nor within 2 hours at 37°C. 

In 2I. hours at the latter temperature, however, infectivity 

decreased to a sinificantly lower level in the presence of 

the compound than was observed in its absence. 



EXPERIMENTAL METHODS 

Culture Methods 

Influenza virus has two properties which make it an 

especially useful agent rar chemotiierapeutic studios. It is 

easily cultivated in a siul tissue cultì4re and the pres- 

ence of the virus is. easily detected by is property of ag- 

glutinating red blood cells. Although th virus is easily 

cultivated in vitro some difficulty was 1perienced in find- 

Ing satisfactory methods of preparing thetissue and the 

virus inoculum. However, the procedures finally developed, 

which are essentially those of Tamm (17, p.5ÓO-5ól), have 

given satisfactory results and high titercultures were ob- 

tairied. 

Equipment. All r1assware coming i to contact with 

the tissue or the nutrient glucosol was c eaned in dichro- 

matesulfuric acid cleaning solution, foil wed by rinsing 

fifteen times in running tap water. The lassware was fiur- 

ther rinsed three times in distilled wate and once in glass 

distilled water. The glassware was steri ized by dry heat 

at L6COC. for one hour. All cotton plugs and bakelite caps 

were sterilized separately by autoclaving and transferred 

aseptically to the tubos. 

New rubber stoppers were boiled for about 20 minutes 

in approximately O. per cent sodium hydroxide solution, 

rinsed In tap water, then boiled in dilute hydrochloric 
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acid, (a 1:150 dilution of concentrated dcl). The stoppers 

were then rinsed thoroughly in tap water arid three times in 

distilled water. Used rubber stoppers and bakelite caps 

were rinsed for 30 minutes in hot running tap water aid 

triree times in distilled water. Rubber stoppers were steri- 

lized by autoclaving at 1f pounds pressure for 20 minutes. 

Metal instruments were washed with hot water arid Tide 

detergent and rinsed thoroughly In hot running tap water, 

followed by distilled water. Instruments were sterilized by 

dry heat at 1600c. for one hour. 

Nutrient Fluid. The nutrient fluid was prepared as 

two solutions having the following compositions: 

Glucosol solution. NaCÌ 8.0 grams 
CaC12 0.2 grams 
MgC12.6H20 0.5 grams 
Glucose 1.0 grams 

Glass distilled H20 to 1000 ml. 

Buffer solution. Na2HP0j (anhydrous) 7.105 crams 
pFi 7.28 KH2P% 2.269 grams 

Phenol red 0.02 grams 
Glass distilled 1120 to 1000 ml. 

The two solutions were autoclaved separately at 15 pounds 

pressure for 20 minutes in Pyrex bottles fitted with bake- 

lite screw caps and combined in equal volumes immediately 

before use. Penicillin and streptomycin were added to the 

nutrient glucosol (combined glucosol and buffer solutions) 

to give final concentrations of 10 units per ml and 

per ml respectively. 

The antibiotics were prepared as stock solutions and 
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frozen at -20°C. in serological tubes in i ml amounts. The 

concentration of the penicillin solution was 1.L99 mg per ml 

and tue concentration of the streptomycin solution was 10.0 

mg per ml. For use, the solutions were thawed and 0.1 ml of 

each antibiotic added to 25 ml of nutrient tlucosol. Each 

tube of antibiotic solution was opened only once and unused 

portions were discarded. 

Tissue. Chorloallantoic riembranes from 10 or 11-day 

old chick embryos were obtained by first disinfectirig the 

egg shells with tincture of iodine and then aseptically re- 

moving the shell and shell membrane from over the air sac by 

means of sterile forceps. The embryo was tipped into a 

sterile petri dish and the chorloallantoic tissue was 

;rasped with sterile forceps arid cut free from other tissues 
with sterile scissors. The membranes were washed by sus- 

pending in nutrient g1ucoo1 in centrifuge tubes, centrifu- 

ging at 135 r.p.m. for 2 minutes, removing the fluid and 

repeating this process twice more. The membranes were then 
placed in sterile petri dishes and cut into pieces approxi- 
nato1y 2 x 2 cm in size by nieans of sterile cataract knives. 
These tissue fragments varied in weight from 7g-120 mg. The 

fragaents were pooled and added to the culture tubes at rzm- 

dom. One piece of tissue was added to each culture tube, 
which contained 2 al of nutrient glucosol. Culture tubes 
were 25 x 100 ml Pyrex tubes and were closed with number 1 

rubber stoppers. 
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Virus. The Lee strain of influenza B virus was used 

Cor all experiments. This $train was obtained from Dr. F. L. 

llorsfall of the Rockefeller Institute and had been throujh a 

large number of passages in the chick embryo. It was main- 

tamed in chick embryos throughout th1 study and the allan- 

toic fluid from infected embryos was used as the source of 

the virus inoculum for the tissue cultures. 
The stock virus was prepared by diluting infected al- 

lantoic fluid 1:1000 in veal infsion broth of pH 7.l-i.Lj. 

and inoculating 0.1 ml into the allantoic sac of 10 or 11- 

day old chick embryos. The egge were incubated at 35°C. for 

L.o hours. After chilling for one hour at -20°C. the fluids 

were harvested and the hernaglutinin titer of each fluid was 

determined. Fluids with the highest titers, 1:320 or above, 

were pooled and stored at I4OC. until used. 

For inoculation of the tissue cultures, the virus was 

used within 2L. hours after harvesting. The inoculum for 
these cultures was prepared by diluting infected a11atoic 
fluids in nutrient glucosol and adding 0.1 ml of the dilu- 

tion to each culture tube. Preliminary studies revealed 

that satisfactory titers could be obtained with a virus di- 

lutiori of 1:10 and this dilution was used as the inoculuin in 
most experiments. It was not possible to use a standardized 

lyophilized or frozen virus inoculum and therefore the ac- 

tuai infectivity titer of the inoculum varied from expon- 

ment to experiment even though the same dilution was used. 
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Incubation. The cu1ture wore incubated at 3°C. on 

a reciprocating shaker with a stroke length of 8 cm and a 

frequency of 90 strokes por minute. 

Titrations. Hemagglutinin titers were determined by 

a modification of Salk's method (iLk, pp.87-98). Tue red 

blood cells were prepared by collecting the blood from 5-6 
chickens in solution. The cells were washed three 
times by centrifuging in physiological saline solution at 
i5oo r.p.m. for 7 minutes. Following the third washing the 

cells were packed in graduated centrifuge tubes by centri- 

fuging for 10 minutes and a 10 per cent suspension by volume 

prepared in physioloicl saline. The cells were stored at 
14OC. and were kept no longer than 7 days. A 0.5 per cent 

suspension was prepared immediately before use. 

Serial two fold dilutions of infected fluids were 

made in physiological saline solution in serological tubes. 

The volume In each tube was 1.0 ml. An equal volume of a 

0.5 per cent suspension of washed chicken red blood cells 

was added to each tube and the tubes thoroughly shaken. 

Readings were made after L.5 minutes at room tempera- 

turc. The highest dilution showing complete agglutination 

was considered to be the endpoint and the titers were ex- 

pressed as the reciprocal of this dilution. The hemaggluti- 

min titer of the tissue cultures was doternined after 14.8 

hours incubation, as preliminary studies had shown that the 

titers did not increase after this time. 
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Infectivity titers were determined by preparing ser- 
ial ten fold dilutions of virus in veal infusion broth of 

pH 7.1 to 7.L. and inoculating 0.1 ini of each dilution into 
croups of 10 or 11-day old chick embryos. At least 6 ein- 

bryos were used for each dilution. After incubation for L6 
hours and chillini, the fluid were harvested and tested for 
the presence of hernagglutinins at a final dilution of 1:2. 
If hernagglutination occurred the presence of infection was 

indicated. Eßgs showing no heinagglutinin were considered to 
be uninfected. The O per cent embryo infectivity end point 
was calculated by the method of feed and Muench (13, pp.I93- 

L97). The EID0 obtained from this data is the dose of vit'- 
us causing infection in O per cent of the embryos. 

Inhibition Studies 

I)eterinination of Inhibitory Concentrations. To de- 

termine the concentration range over which a compound might 

affect the virus in tissue cultures, the range of .O to 
0.008 mg compound per ml nutrient glucosol was arbitrarily 

chosen, intermediate concentrations differing by a factor of 

approximately two. The compounds were prepared by dissolv- 
Ing the final desired concentration of the compound directly 
into the nutrient glucosol and adding the resulting solution 
after sterilization to the cultire tubes as the suspending 
medium. The pH of such solutions was adjusted with sodium 

hydroxide or hydrochloric acid if it had been altered from 

the desired range of 7.2-7.3 by addition of the compound. 



All solutions containing supplern.ents were sterilized by 1.l- 

tering through Pyrex sintered glass filters of UF porosity. 

Tissue cultures containing the various concentrations 
of the compound, together with control cultures, were inocu- 
lated with virus and incubated ori the shaker at 3°C. for 18 
hours. At this time the virus concentration in each culture 

was measured by hemaglutinin titration. The amount of vir- 

us present in the cultures just before incubation was usual- 
ly determIned by titrating one culture Immediately after in- 
ocu1at:on. This provided a basis for demonstrating multi- 
plication of the virus in the cultures. 

It was desirable in the case of isopropyl hIuanido 
to determine the relatIon between the effective concentra- 

tion of the compound and the amount of virus present. This 

was done by varying the dilution of a virus irioculum of 
known Infectivity while using a constant concentration of 
isopropyl biguanide. 

Toxicity to tissue. Since viruses are known to prop- 
agate only In the presence of living cells, the effect of 
inhibitory compounds could be due to the killing of the host 
cells, rather than to any Influence ori the virus. It was 

therefore necessary to determine whether the concentrations 

of isopropyl biguanide employed in the experiments caused 

irreversible damae to the tissue. There are several meth- 

ods which may be used for this type of investigation but the 
following procedure appeared to be the most satisfactory for 
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the present study. 

The tissue was prepared and added to culture tubes 

containing the desired concentration of isopropyl bivan1de, 

s revious1y deacribed. Virus was added to these tubes and 

to tte control tubes. Control tubes were also Included 

which were not inoculated. After incubation for LO hours 

the fluids from ali the culture tubes were removed as corn- 

pletely as possible by f ml pipets and replaced by nutrient 
glucosol containing no drug. All tubes, including the con- 

trol tubes not previously inocuisted, were reinoculated wIth 

virus and the cultures again incubated for Lo-L8 hours. The 

hernagglutinin titer of the f1uid was determined at the end 

of each incubation period. 

If the tissue had not been irreversibly damaged by 

contact with the compound, then growth of the virus sitould 

occur uurin: the second period of incubation, when the corn- 

pound had been removed. Fulton and Armitage (10, p.22) 
have reported that deterioration of the tissue begins to oc- 

cur at 60 houre, oven when not infected by virus. The cori- 

trol tubes not inoculated until the second incubation period 

would therefore show the extent of the lowering of the virus 
titer as a result of changes occurring in the tissue during 

te prolonged Incubation period. 

Attempts to Show reversal of Inhibition 
The procedure used in the experiments attempting 
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reversal of inhibition was identical with that used in in- 

vestigating the inhibitory effects of the compound, except 

that the proposed reversing agent was put into solutIon with 

the isopropyl biguanide. The cultures were incubated and 

the hemagglutinin titer determined as previously described. 

In these experirents Isopropyl biguanide was used in 

a concentration of 0.1 mg per ml in the culture field. Com- 

pounds being examined for possible reversing effect were 

used over a concentration range of .O-O.008 mg per ml. In- 

termediate concentrations dirfered by a factor of . 
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EXPERIMENTAL RESULTS 

Culture Methods 

To obtain satisfactory growth of the virus in tissue 

cultures it was necessary to determine the optinial dilution 

of the virus inoculurn, tue optimal length of the incubation 

period and to compare results with both shaken and station- 

ary cultures. 

Virus. To determine the concentration of the thocu- 

lura which would rive the most satisfactory growth of the 

virus in the tissue cultures, several experiments were car- 

nod out in which the growth given by different virus dilu- 

tions was compared. 

A composite of two such experiments is presented in 

Table 1. Reference to this table shows that, as would be 

expected, the final virus titer was directly related to the 

initial concentration of the virus added to the culture. 

The undiluted virus inoculurn gave the greatest growth in the 

cultures, the geometric mean of the homagglutinin titer of 

these cultures bein 317.2 cm the second day. A 1:10 dilu- 

tion of the inoculuni also gave good growth of the virus, re- 

suiting in a mean titer of 139, while a 1:100 dilution of 

the irioculum gave very poor growth of the virus in the tis- 

sue cultures. The initial titer of tue cultures receiving 

the undiluted virus inoculum was 10, and the initial titer 

of tiie lower virus dilutions was O. The initial titer was 
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determined by titratIng one culture irniriediately after inocu- 

lation. Thus the virus titer in cultures receiving the un- 

diluted virus increased about 32 fold on the average In )4. 

hours. 

The initial titers of the cultures in all subsequent 

experiments fell between 20 and O when the inoculum was 0.1 

ml of a 1:10 dIlution of allantoic fluid virus. In most 

cases the titer at this point was 0. 

On the basis of the data in Table i a virus inoculum 

consisting of 0.1 ml of a 1:10 dIlution of fresh allantoic 
fluid virus was chosen as the routine inoculum. The growth 

obtained with this inoculum was large enough so that multi- 
plication or Interference with multiplication of the virus 
could be unquestionably demonstrated, and yet inhibition 

would be more easily shown with the relatively smaller a- 
mount of virus. 

Incubation. Both shaken and stationary tissue cul- 
tures are used in various laboratories and tue stationary 
typo were used in preliminary experiments in the present in- 

vestigation. However, very poor growth of the virus was ob- 

tamed in these cultures and therefore a serios of expon- 

monts was made to determine the effect upon vIrus :rowth of 

shaking during Incubation. 

The data in Table 2 will show that incubation under 

shake conditions was definitely favorable to growth of the 

virus. With an undiluted virus inoculum, the cultures 
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TABLE i 

Effect of Concentration of Inoculum and Length of Incuba- 
tion Period Upon Growth of Lee Influenza Virus in Tissue 

Culture 
Virus hernagglutinini present in tis- 
sue cultures incubated2 for periods of 

Culture Virus inoculum 
Number dilution3 L hours 68 hours 

i Undiluted )460 2)40 
2 )48o 2)40 

3 320 2)40 

2)40 2Lj0 

5 2)40 io 
6 2)40 

Geometric idean 317.2 221.3 

1 1:10 160 160 
2 160 160 
3 160 120 

120 60 
5 120 80 
6 120 60 

Geometric mean 139.0 102.0 

1 1:100 20 
2 10 
3 10 

10 
5 10 
6 10 
7 2-10 
8 2-10 

Geometric_mean ____________________ 

i. Ali figures in the table represent reciprocals of 
highest dilutions of tissue culture I1uids giving 
complete hemaggiutination. Dilutions below 1:20 were 
not made. Cultures entirely negative at 1:20 were 
assigned a value of 0. Those showing 3. agglutina- 
tion at 1:20 were assigned a value of 10. Those 
showing very slight agglutination at 1:20 were as- 
signed a range value of 2-10. 

2. Virus titrations were made after incubation at 35°C. 
on a reciprocating shaker. 

3. The virus inoculum was 0.1 ml of various dilutions of 
allantoic fluid virus freshly harvested from chick 
embryos. 
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incu1atod on tue shaker wero 2-5 times hither in virus titer 
than identical cultures which were not shaken. The effect 

of shaking was oven more striking with the cultures inocu- 

Dated with a 1:10 virus dilution. In experiment i the mean 

titer of the cultures which were shaken was at least 25 fold 

¿:reater than the titer of the stationary cultures, whilo tri 

experiment 2 the mean titer of the shaken cultures was alrcost 

200 fold greater than that of the stationary cultures. For 

this reasoui incubation of the cultures on the shaker was em- 

ployed throughout this study. 

It should be pointed out that the ttters of station- 

ary cultures did increase somewhat if incubated for a suffi- 
ciently long period of time, 96 hours or lonF,er. There was 

therefore a time advantage in using shaken cultures, which 

reached a high titer by LO hours. 

Titratioris. It was desirable to establish the point 

during incubation &t which the maximum hemagglutinin titers 
were reached. A number of ex:eriments were carried out in 

which the titers of the cultures were determined at !4 and 

68 hours. A typical oxperinient is shown in Table 1. 

Examination of the data in Table 1 reveals that the 

hemagglutinin titer of the cultures id not increase after 

the second day of incubation, the titers appearing to be 

even slightly lower on tio third day. These results are in 

accord with those reported in the literature and ori the ba- 

sis of these determinations the length of incubation chosen 

for the present experiments was 144-11.8 hours. The final 
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TABLE 2 

Effect of Shaking Upon Growth or 
Lee Influenza Virus in Tissue Culture 

Virus hemagglutinin' present in tissue 
cultures incubate2 under the following 

conditions 
Culture Virus Cultures shaken Cultures stationary 
Number dilution3 durinß incubation during incubation 

Experiment i 

i Undiluted 60 10 
2 Lo io 

T Geometric mean 

1 1:10 30 0 

2 20 0 
2t,5 Geometric mean 

ExDeriment 2 

1 Undiluted 160 
2 120 óc 

13U.5 Ö9.3 Geometric mean 

1 1:10 2L0 o 

2 160 0 

195.9 Geometric mean 

Experiment 3 
i Undiluted 120 Lo 
2 60 30 

3Lk9 3)4.Ó Geometric mean 
1 1:10 30 2-10 
2 20 2-10 

23.L Geometric mean 

le All figures in the table represent reciprocals of 
highest dilutions of tissue culture fluids :iving 
complete hemagglutination. Dilutions below 1:20 were 
not made. Cultures entirely negative at 1:20 were 
assigned a value of 0. Those showing 3 agglutina- 
tion at 1:20 were assigned a value of 10. Those 
showing very slight agglutination at 1:20 were as- 
signed a range value of 2-10. 

2. Virus titrations were made after 
tion at 3OC. on a reciprocating 

3. The virus inoculurn was 0.1 ml of 
allantoic fluid virus freshly ha: 
embryos. 

Li4-t18 hours incuba- 
shaker. 

variois dilutions of 
vested from chick 
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homagg].utinth titration was made at the end of this time. 

Inhibition Studies 

Three compounds, DL-citrulline, L-canavanine, aìd 

isopropyl biguanide hydrochloride, were chosen for prelirnin- 
ary investigation. The latter two were selected because 

they have been found to produce marked inhibition of the Ie 

influenza virus in the intact chick ombryo in studies car- 
ried out in this laboratory. DL-citrulline has been found 

slightly stimulatory to the virus under these conditions, 
These compounds have the following structural formu- 

las: 

o NH 
II u 

1f2 N -C -NH-CU2 -Cil2 H2 Ç H- 00H 112N-C -NH-O-CH 2-CH2 -Ç11-C 00H 
Nil2 

Cl t ru 11 me C anav an :L ne 
NH NIl 

H3CC1l -NH--NiT- -NH2 .HC i 
Cil3 

Isopropyl biguanide hydrochlori de 

L)etermination of inhibitory concentrations. When 

satisfactory conditions for growth of the Lee influenza vir- 

us in tissue cultures had been worked out, experiments were 

then set up to study the effects of certain compounds pre- 

viously found to influence the development of the Lee virus 

in the chick embryo. Two of these were studied only verj 
briefly. These were DL-citrulline and L-canavanine. 

Although DL-citrulline has shown a sllLlltly stimula- 
tory effect upon this virus in the chick embryo it CUd not 
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appear to have any influence, either stimulatory or irihibi- 

tory, upoi the virus in tissue cultures. Cultures contain- 

citrulline in a concentration rance of 10-2 mg per ml 

did not exhibit increased rowtix of the virus, as shown In 

Table 3. This data also reveals that Inhibition of the vir- 

us did not take place either, as the final hernagglutlnin 

titer was about the same in ali citrullino containing cul- 

tures as in the control, Thus it would appear that the 

sli[ht stimulation of the virus produced by citrulllrie In 

the chick embryo depends on some factor present in the in- 

tact embryo itself and not found In the tissue cultures. 

L-canavanine was found to be quite inhibitory for Lee 

influenza virus In tissue cultures. Table 14 shows that var- 

bus degrees of inhibition of the virus occurred over a con- 

centration range of L-O.O2 mg per ml. Complete or nearly 

complete suppression of virus growth as observed with cana- 

varilne in concentrations of L-O.2 mg per ml. Partial Inhi- 

bition was found with 0.05 and 0.02 mg per ini, the mean ti- 

ters in these cultures being about half of the control 

titers. These differences were found to be statistically 

significant when analyzed by Fischer's "t" test pp.11l-. 

l7I). A canavanine concentration of 0.01 mg per ml had no 

effect upon the virus growth; the final titers of cultures 

containing t!is concentration were almost identical with the 

control titers, 

It is of Interest to note that a markea degree of 
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TABIE 3 

Growth of Le Influenza Virus in Tissue Cultures 
in the Presence of DL-citrulline 

Virus hemaglutinin present in tissue cultures 
containing the following concentration of 

DL-citrulline 
Culture 10.0 mg .0 mg 2.0 mg Controls, 
Number per ml per ml per ml no citrulline 

i 140 140 14o 60 

2 30 30 140 140 

3 30 20 140 140 

14 30 20 30 

5 20 20 30 20 

6 20 20 20 20 

7 20 10 20 20 

20 2-10 20 20 

9 lO 2-10 2-10 2-10 

22.9 15.0 23.3 214.1 Geometric 
mean 

1. All figures in the table represent reciprocals of 
hi'hest dilutions of tisue culture fluids giving 
complete hemagglutination. Dilutions below 1:20 were 
not made. Cultures entirely negative at 1:20 were 
assigned a value of O. Those showing 3 agglutina- 
tion at 1:20 were assigned a value of 10. Those 
showing very slight agglutination at 1:20 were as- 
signed a range value of 2-10. 

2. Virus titrations were made after !4I.-148 hours incuba- 
tion at 350C. on a reciprocatir shaker. 

3. The virus inoculumn was 0.1 ml of a 1:10 dilution of 
allantoic fluid virus freshly harvested from chick 
embryos. 
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TABlE L. 

Inhibition of Loe Influenza Virus in Tissue Cultures 
by L-canavauine 

Virus Hemagglutiniñ eset 
Culture tures Containing the Following Concentration 
Number of L-canavanine 
Experiment i mg 2 mg - i mg Control, 

jor ml per ml per ml no caavanine 
.L. ¼1 - L%J 
2 0 0 0 160 

O O 0 120 
4 0 0 0 120 
5 0 0 0 120 
6 0 0 0 

Geometric mean 125.9 

Experiment 2 0.5 mg 0.2 mg 0.1 mg Control, 
per ml e.r ml per ml no canavanine 

i O O 120 320 
2 0 0 tc 21j0 

3 0 0 20 214) 
14 0 0 10 20 
5 0 0 0 1O 
ô o o o 160 

Geometric mean 9,9 220 

Experiment 3 0.05 mg 0.02 mg 0,01 mg Control, 
per InI per ml per ml rio canavanino 

i loo 120 214) 214) 
2 120 120 160 2LO 
3 120 120 160 i6c 
14 ea co loo 160 
5 60 80 160 120 
6 80 160 120 

Geometric mean b7.3 97.7 171. l.14 

1. All figures in the table repre8ent reciprocals or 
highest dilutions of tissue culture fluids diving 
complete hemagglutination0 Dilutions below 1:20 were 
not made. Cultures entirely negative at 1:20 were 
a$signed a value of O. Those showing 3+ agglutina- 
tien at 1:20 were ass'ned a value of 10. Those 
showing very slight agglutination at 1:20 were as- 
signed a range value of 2-10. 

2. Virus titrations were made after 14-L8 hours incuba- 
tion at 35°C. ori a reciprocating shaker. 

3. The virus inoculum was 0.1 ml of a 1:10 dilution of 
allantoic fluid virus freshly harvested from chick 
cmb ry os. 
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Table 1 continued 

w: the moan value for the hcagg1utin.n In the group of 
cultures contaIning .05 rn of canavanine per ml in Exper- 
huent 3 is coirparcd with the control croup u2in Flschr's 
"t" test, (8, pp.11Lj-17)4), and using loj,s of individual 
titers, a "t" value of 2..3 is obtained. For 10 dcgrcos 
of freedom this corresponds to a P valie between .02 and 
O, indicating the obsorvekì difference is very unlikely 
to be due to chance. 

In a siui1ar manner the mean value for the group contain- 
ing .02 mg of canavanine per ml is shown to be signifi- 
cantly lower than the control group. 
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inhibition of the virus was obtained in these cultures with 

a canavanine concentration of 0.1 rrig per ml. This is in 

contrast to earlier work with this compound employing the 

intact chick embryo, where a concentration roughly 10 fold 

greater, or about 1.0 mg per ml, was required in the allan- 
toic fluid to produce a comparable degree of inhibition.1 
It thus appears that under the conditions existing in tissue 

cultures the growth of the virus is more sensitive to this 

antagonist than under the conditions found in the a1lantoi 

cavity of the chick embryo. 

The major part of the work described in this thesis 
was devoted to a study of the effect of isopropyl biguanide 

hydrochloride upon the development of the Lee virus in tis- 
suo cultures. This compound had previously been found in- 
iìibitory to the virus in the intact chick embryo. It was 

felt that a study of this activity in tissue cultures, where 

it might be magnified in degree, might serve to throw fur- 
thor light on the mechanism of the inhibition. 

In the first part of the study of this compound in 
tissue culture it was necessary to determine if the compound 

was inhibitory to the virus under these conditions and if 
so, what minimum concentration would be effective. The re- 
sults of experiments bearing ori this point are shoi in 

i Soike, Kenneth F. Unpublished research on the inhibition 
by canavarilne of Lee influenza virus in the chick 
embryo. Oregon state collego, Dept. of bacterio]ogy, l92. 



2C 

Table 5. It will be noted that isopropyl bivanide was def- 

initely inhibitory for the influenza B virus over a concen- 

tration rango of 2-0.1 mg per ml. Inhibition appears less 

complete at the lowest concentration. Although the data in 

Table 5 do not show the minimum inhibitory concentration, 
below which inhibition does not occur, other results indi- 

cated that this concentration was probably near 0.1 mg per 

ml. Depending upon the particular stock virus used, slight 

virus growth has been shown to occur in sorne cases at this 

concentration. 

The inhibition by isopropyl biguanide was not due to 

an adverse effect upon the piI of the culture fluids. The 

data in Table 6 show that the pH of cultures incubated in 

the presence of 0.2 mg isopropyl biguanido was only about 

0.1 pIi unit lower than control cultures. 
The second point to be investigated was the relation- 

ship between the minimum inhibitory concentration of isopro- 
pyl biguanide and the size of the virus inoculum. A summary 

of experiments concerned with this relationship atpear in 

Table 7. It can be seen that the concentration of isopropyl 

biguanido required for inhibition increased with an increase 

in the virus inoculuin. A virus inoculum giving a concentra- 
tion of 10u.1917 EID50 per ml of culture fluid was only par- 

tially inhibited by 0.1 and 0.2 mg isopropyl biguanide per 

ml but almost completely inhibited by 0.5 mg por ml. Virus 

in a concentration of 105.1917 EID50 per ml was almost 
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TABLE 5 

InhibItion of Leo Influenza Virus In Tù3sue Cultures 
by Isopropyl Bivanide Hydrochloride 

Virus hemagglutinin present in tisuo cultures 
containing the following coicentratìon of iso- 

propy1 biguanide hydrochloride 
Culture 2.0 mg 1.0 mg 0.5 mg 0.2 mg 0.1 mg Contro 
Nwnber per ml per ml per ml per ml per ml no IBG4 

i C O 10 2-10 30 80 

2 0 0 0 2-10 10 60 

3 0 0 0 0 10 60 

14 C O O O O 

5 0 0 C O O 

6 0 0 0 0 0 30 

7 C 0 0 20 

8 0 C 0 20 

9 0 0 0 10 

1. All figures in the table represent reciprocals of 
highest dilutions of tissue culturo fluids giving 
complete hemagglutination. Dilutions below 1:20 'were 
not made. Cultures entirely negative at 1:20 were 
assigned a value of 0. Those showing 3.. agglutina- 
tion at 1:20 were assigned a value of 10. Those 
showing very slight agglutination at 1:20 were as- 
signed a range value of 2-10. 

2. Virus titrations were made after Lii4-148 hours incuba- 
tion at 35°C. ori a reciprocating shaker. 

3. The virus inoculum was 0.1 ml of a 1:10 dilutIon of 
ailantoic fluid virus freshly harvested from chick 
embryos. 

14. 113G is isopropyl biguanide hydrochloride. 
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TABLE 6 

The Effect of Isopropyl Biguide Upon the pH 
of Tissue Culture Fluids 

pH of fluids from cultures before 
and after incubation at 35°C. for 

Cultures containing: L.5 hours: 
0.2 ir IBG2 per ml Initial pII Final pH 

Culture 
number 

1 7.28 6.99 
2 7.23 6.98 
3 7.28 
¡4. 

j 

5 7.28 6.72 
6 7.28 6.92 

Control cultures, 
containing no IBG 

Culturo 
number 

1 7.27 7.10 
2 (.27 j.C]. 
3 7.27 7.0 

- O 
7.27 7:0 

6 7.27 7.0 

1. The virus inoculum was 0.1 ml of a 1:10 dilution of allantoic fluid virus freshly harvested from chick 
embryos. 

2. IBC is isopropyl biguanide. 
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TAB 7 

RelationshIp of Dosage of Isopropyl Biguanide and Virus 
Inoculum to the Inhibition of Lee Influenza Virus 

in Tissue Cultures 

Culture 
Number 

Concntration 
1Bc4 per ml 

VIrs hemagglutinin present in tis- 
sue cultures containing the follow- 
Ing concentration of isopropyl bi- 
guanide with the indicated virus 

inocu lun 
iû6.1917 io5.1917 lo4.l9l7 
EIDSÛ ìID 
virus vir vir 
per ml per ml per ml 

i 0.1mg iO 20 0 
2 80 2-10 0 
3 80 o o 
I I.o o o 

o o 
6 o o o 
7 Control, 6L.0 L8o ho 
6 no IBG óL.o 160 20 
1 0.2mg 80 10 0 
2 30 2-10 0 

3 30 2-10 O 
L. 30 0 0 
5 20 0 0 

10 0 0 
7 Control, h80 320 60 
8 no IBG 320 160 60 

i 0.5mg 20 0 0 
2 10 0 0 
.3 2-10 0 0 
Lj. 2-10 0 0 
5 2-10 0 0 
6 o o o 
7 Control, 960 320 60 
8 no 113G L16o 21.0 10 

1. All figures In the table represent reciprocals of high- est dlùztlons of tissue culture fluids giving complete 
hemnagglutlnation. Dilutions below 1:20 were not made. 
Cultures entirely negative at 1:20 were assigned a value 
of 0. Those showing 3+ agglutination at 1:20 were as- 
signed a value of 10. Those shIng very slight agglu- 
tinatiori at 1:20 were assigned a range value of 2-10. 

2. Virus titrations were made after i4-L8 hours incubation 
at 35°C. on a reciprocating shaker. 

3. The virus inoculum was a 1:10 dilution of a frozen stock 
of allantoic fluid virus held at -200C. for rio lonLor 
than 3 days. 

4. 113G is isopropyl biguanide. 



32 

coniplotely inhibited by the two lower concentrations of iso- 

propyl bivanide and was complotely inhibited by 0.5 ing per 

ml. Growth of the next lower concentration of virus, 

1&4.1917 EID50 per ml was completely prevented by all con- 

centrations of isopropyl biguanide. It should be pointed 

out that here also a concentration of 0.1 mg of this corn- 

pound per ml is able to produce sinificant inhibition of 

the virus In tissue culture. In the case of chick embryo 

infections, -lt was found earlier that about ten times this 

concentration was needed to Live a similar degree of inhibi- 

tion. 

Toxicity to tisucs. Obviously many chemical agents 

could prevent the growth of a virus in a tissue culture sys- 

tern by causIng irreversible daniae to the tissue and making 

it Incapable of supporting virus multiplication. Although 

the results of the chick embryo work seemed to indicate that 

this was not the mechanism it was desirable to obtain addi- 

tional evidence directly from tissue cultures. The method 

employed has been described In detail earlier. 

The results of experiments of this type with isopro- 

pyl biguanide appear in Table 8. It will be noted that the 

data suggest some S1IL:ht degree of toxicity of isopropyl bi- 

guanide for aliantoic membranes In tissue cultures at a con- 

centration of 0.2 mg per ml. After contact with this con- 

centration of the compound for Lo hours the tissue appeared 
to yield slightly less virus when roincubated in the absence 
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TAÏ3LE 8 

Growth of Lee Virus In Chorioallantoic Meibrane 
After Exposure of the Tissue to Isopropyl Biguide 

Viruo hcmglutinIn present in tThsue 
cultureß contain1r the following con- 
contrat ion of isopropyl bigv.anide 

hydrochloride 

0.2 mg 0.1 mg Control 
Culthre Hours of IBG 113G plus Control; 
Number Incubation per ml per ml virus uninoculated 

i LC1 2-10 30 160 0 
2 2-10 20 120 C 
3 0 20 120 0 
Lj. O 0 120 0 
5 0 0 80 o 
6 o o 80 o 

Virus hemagglutinin developing after 
removal of fluids, replacement with 
nutrient glucosol, reinoculation with 
virus, and reineubation 

i 232 Lo 1O Lo 
2 16 30 30 30 
3 8 30 30 20 
L. 8 20 30 20 
5 8 20 30 20 
6 2 30 8 

1. All culture Iluids replaced with nutrient fInid con- taming no isopropyl biguanido after Lo hours ncu- 
hation. 
All tubes, including control tubes not inoculated diring first incubation period, were reinocuiated 
w1tI a 1:10 virus dilution. 

2. All culture tubes were reincubated for 148 hcurs, the final titer therefore was determined after a total of 
88 hours incubation. 
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of the drug than was found in control cultures under sinillar 

conditions. However, the difference is not great enouì to 

be statistically val±d with the small number of cultures. 

The tissue did not appear to bo irreversibly dLnaod 

by ari exposure to 0.1 ing isopropyl biguanido. Tissue whIch 

had been Incubated with this amount of the compound for 140 

hours supported vIrus growth equally as well as control cul- 

tures when the test cultures had been reincubated in the ab- 

sence of isopropyl biguanide. If the tissue had been dam- 

aged by the inhibitor the final titer of the test cultures 

after the reincubation woud not have been as high as the 

control cultures. 

Examination of the titers of the control cultures in- 

oculated with virus at the end of the first and second Incu- 

bation period shows that the tIssue was less favorable for 

virus growth after a proloned incubation period. The ti- 
tors after the socond incubation period were markdly lower 

than after the first incubation, but were still sufficiently 
high to demonstrate that growth of virus had occurred during 

the second period. This eridence seems to indicato that in- 

hibitiori of growth of the virus by isopropyl bi:uide at a 

concentration of 0.1 mg per il Is not due to irreversible 
damage to the tisuo. Even at 0.2 mg per ml no significant 
evidence for such damage was obtained. 
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Attempts to Show Reversal of Inhibition 

The mode of action of isopropyl bivanide would be 

more clearly understood if the inhibition could be reversed 
by one or more known metabolites. Because paludrine, a 

closely related compound, has been implicated in the nucleic 

acid i.ietabolism of other organisms, especially at the level 

of purine and pyrinidine synthesis, these types of compounds 

offered a logical starting place for experiments attempting 

reversal of the inhibition of virus growth by isopropyl bi- 

L:Uafllde. Accordingly folie acid, p-aminobenzolc acid, ade- 

nine, and desoxyribonucleic acid were investigated as posi- 

ble reversing agents. 

Because of some structural similarity 'between isopro- 

pyl biguanide and arginine, this amino acid was also inclu- 

ded in these tests as was another basic amino acid lysine, 

which la known to be an antagonist of arginino in some bio- 

logical systems. 

Results. The results from experiments attempting re- 

versal of the effect of isopropyl biguanide on influenza 

virus in tissue cultures by L-arginine are presented in 

Table 9. It will be noted that the data from experiment i 

sug"ested a very slight reversing action of arginirie at a 

concentration of O.O mg por ml. Higher concentrations did 

not appear to prevent the inhibition by isopropyl biguanide. 
In attempts to establish a more definite reversai, concen- 
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TABLE 9 

Attempted Reversal by L-ArE1nthe of the Inhibition of Lec 
Influenza Virus in Tissue Culturos by Isopropyl l3iguanlde 

Viris hemagg1utinIi pr'e .. sent In tissue cultures C)fl- 
Culturo taininC t..i rri Ii3G4 pci' mi and the indicated con- 
Nuaber centratlon or L-arCinine rnonohydroch1or e 

Experl- 5.0 mg 1.0 uig 0.2 ing o.ot. rug Controls, Controls, 
ment i por ini per ml per ml per ml no virus 

arginirie, only 
0.1 mc 
IBG 

per nil. 

i 
__________________________________ 

C O 3C 20 120 
2 0 (i 10 30 10 120 
3 0 0 2-10 30 10 120 
14 C Ç 2-10 20 10 

o o Ci 20 2-10 60 ¿ 
'- o C 

,-' 

Lj 

.- 
., , 

-jC ( cO 
Georietric 
mean O O h.o 19.5 6.7 97.9 

Expon- 0.08 mg O.oi. mg 0.02 0.008 mí Controls, Controls, 
ment 2 per ml per ml per «il per ml no virus 

arg3nine, only 
0.1 mg 
I BG 

rxr ml 
i . 20 3 20 !.O 6 2LO 
2 8 20 20 20 ). 

13 i-i- 
O 16 ( 14. 160 

L1 )4 O 2 0 2 120 
r o o 2 0 2 80 6 

0 0 C) O O 80 Geometric 
mean 3.7 2.90 5.)4 3.1 2.9 1295 
Experi-. O.oL. mg Controls, Controls, 
ment 3 per ml no virus 

rginine, only 
c.1 mg 
I BG 
pr ml 

1 .0 2-10 2L0 
_______ 

2 30 2-lO 160 
3 20 2-10 160 
L. 20 0 120 

io o 80 
6 0 o 80 

Geomotric 
mean 13.2 2.1 129. 

1. AIl figures in the table represent reciprocals of 
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Table 9, continued 

highest dilutio of tisuo culture fluids 4ving 
complete hemaglutination. In experiment 2, 111u- 
tions below i:f were not made. Ci.tures giving 3s 
agglutination at. idi. were assigned a value of 2. 
Those shoWing very iight agglutination at idi. were 
assigred a value of O. In experiments i arid 3, dilU- 
tiens below 1:20 were not made, and valres were - 

signed as previously decrIbed. 

2. Virus tltratioris were nade after LO-LO hours incuba- 
tien at :Soc. on a recIprocating shaker. 

:. The V11'UC inoculum as 0.1 ml of 1:10 dilution of 
ailantoic fluid virus either frozen at -20°C. for not 
more than L. days or freshly harvested from chick 
embryos. 

)4.. 113G i isopropyl bigunide. 

,. If the data of experiments i and 3 comparing cultures 
containing only lEG at 0.1 mg per ml with cultures 
containing O.OL mg or arglnine per mi in addition to 
the IBG, are combined and analyzed bj Fischer's "t" 
test (8, pp.11L-l7i.) a "t" value of 3.29 is obtained. 
For 22 degrees of freedom this corresponds to a P 

value 1053 than 0.01, indicating that it, is highly 
unlikely the observed difference could be due to 
chance. 
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trations juEt above and just below O.Ot. rug were investitated 
but in this experiment (experiment 2), not even a slight re- 
versal by any concentration of arginine was obtained. How- 

ever, a s1iht reversing effect by O.OL. mg arginine per ml 

was again noted in experiment 3. In this experiment the ti- 

ters of the cultures containin arginine in addition to iso- 
propyl biguanide appeared to be sorriewhat higher than those 

of the cultures containing only isopropyl biguanido, alt1h 
the arInine titers were obviously niuch lower than the ti- 

ters of the virus control cultures. 

When the data of experinonts i and 3 were combined 

and tested statistically it was found that the differences 

in virus titers in the cultures containing 0.1 mg of iso- 
propyl biguanide per ml and arginine in a concentration of 

0.0)4 mg per ml were significantly higher than the controls 

containing only isopropyl biguanide. In experiment 2 some 

unrecognized difference apparently existed which interfered 
with the results as observed in the other experiments. 

To obtain additional information on this point a sim- 

llar experiment was carried out in Intact chick embryos. 
The results are shown in Table 10. Here again the same 

trend was noted; in the presence of the proper ratio of ar- 
ginine to isopropyl biguanide, the Inhibitory effect of the 
latter compound for the virus seem to be partially reversed. 

The foregoing evidence cannot be considered conclu- 
sive, but definitely suggests that arginine in the proper 
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TABlE 10 

Influence of Arginine ori the InhIbition of ree Influenza 
Virus in the Chick Embryo by Isopropyl Bi.guariide 

iiemag1utinin Titers of Iieiag1utinin Titers of 
No. Fluids from E:z ecev- Fluids f ro s ieceiv- 

ing 50 EID0 of Virus t Ing 50 EID50 of Tj p 

mg Isopropyl Biruanide 5 mg Isopròpyl Bi:uanide 
t 2 rag L-arginine mono- 

hydrochloride 

i 32C 320 
2 120 220 
3 60 i6O 

60 160 
5 60 120 
6 30 120 
7 10 80 
8 2-10 80 
9 0 60 

10 C O 

Geometric 
mean 20.2 0.1 

1. Figures in table represent reciprocals of highest 
fluid dilutions giving complete hemagglutination. 

2. One group of eggs receiveI an injection of 5 mg of 
isopropyl biguanido in the allantoic sac. The second 
group received an injection containing a mixture of 
s mg of isoproy1 bigu-iide with 2 mg of L-arginine 
nionohydrochloride. Aftcr i hour all egs received 
SO EID0 of Lee Influenza virus. Fluids from all 
eggs were titrated individually for virus content after LJ4 hours incubation at 3500. 

Comparison of these mean values for the }emag1utinin 
In the two groups by means of the "t" test (5, pp. 
11l-l7I.) using the logs of the individual titers 
gives a tTtfl value of 1.702, which for 18 degrees of 
freedom, corresponds to a P value of about 0.1. 
Hence the difference Is not significant at the usual- 
ly accepted .05 probability level. 



concentration can interfere to a s1iiit extent with the in- 

hibition of Leo influenza virus by isopropyl biguanide. 

Lysine did not cause even a s1iht reversal of the 

Inhibition of the virus by 0.1 mg isopropyl biguanide. Ref- 

erence to Table 11 will show that the hoinag1utinin titers 

of cultures containing a concentration range of 10-0.06 mg 

lysine per ml were almost identical with those containing 

only isopropyl biguanide. 

Neither aderiine nor desoxyribonueleic acid were able 

to reverse the inhibition by isopropyl biguanide. This data 

is presented in Tables 12 and 13. Neither of these corn- 

pounds over a concentration range of 5-0.0L. mg per ml in- 

creased tue titers of cultures inhibited by 0.1 mg isopropyl 

biguanide. It might be noted in Table 13 that a relatively 
good virus growth occurred in the control cultures contain- 

Ing only 0. 1 mg isopropyl bivanide , while compie te inhibi- 

tion of the virus occurred in similar controls in the exper- 

iment represented in Table 12. This weil illustrates the 

point mentioned previously in regard to the variation in re- 
sponse shown by different virus stocks. Although the virus 

inoculurn was a 1:10 dilution in both experiments, apparently 

the inoculum used in the DNA studies contained a larger a- 

mount of active virus. 
In oria experiment p-aminobenzoic acid appeared to 

give results suggesting s1iit reversal of the inhibition by 

isopropyl biguanide but these results could not be dui.cated 
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TAELE 11 

Atbeipted eversa1 by L-Tysîne of the Iflhibti of 
Lee Influenza Virus in Tissue Cultures br IsoDrçmv1uanide 

Virus hemag1utînin present in tissue cultures con- 
tairiin C.1 IflC per ml and the indicated concen- 

tratons of L-1ysne nonohydroc1oride 
Culture 10.0 mg 2.0 mg o.L. mg 0.06 mg Control, Control, 
Number por ml per ml per ml per ml no viruz 

lysine only 
0.1 ing 

I BG 
per ml 

i o o o o 2-10 210 

2 0 0 0 0 2-10 lóO 

3 0 0 0 0 0 160 

)4 o O O C O 120 

5 0 o o o o 120 

6 o o o o o 80 

1. All figures in the table represent reciprocals of 
highest dilutions of tissue culture fluids giving 
complete liemagglutination. Dilutions below 1:20 were 
riot made. Cultui'es entirely negativo at 1:20 wore 
assigned a value of C. Thü showing 3, agglutination 
at 1x20 were asigned a v1ue of 10. Those showing 
very slight agglutination at 1:20 were assigned a 
range value of 2-10. 

2. Virus titrations were made after LJ.-!C hours incuba- 
tion at 3500. on a reciprocating shaker. 

3. Tue virus inoculum was 0.1 ml of a1:l0 dilution of a 
frozea stock of aliantoic fluid virus held at _2000. 
for no longer thaìi 3 days. 

)4. IBG is isopropyl biguanido. 



TABLE 12 

Attempted Ieversai by Adenirie of the Inhibition of Lee 
Infiuenz. Virus in Tissue Cultures by Isopropyl Bivan1de 

Virus heinaglutin.ip present io tissue cultures con 
tainin 0.1 ing Ii3G'I per ml and the indicated con- 

ecntration of adenine. sulfate 
Culture 

u::uIìer 
.0 rug 

por ml 
1.0 mg 
per ml 

0.2 rug 
por ml 

o.oL. mg 
per ml 

Control. 
No 

aderiirie, 
0.1 mg 

IBG 
per ml 

Control, 
Virus 
only 

i o o o o o 

2 0 0 0 0 0 60 

3 0 0 0 0 0 30 

14. 0 0 C) O 30 

5 0 0 C O 0 30 

o O O C O O 2-10 

1. All figures in the table represent reciprocals of 
highest dilutIons of tissue culture fluids giving 
complete lierria1utination. Dilutions Lelow l:2C were 
not made. Cultures entirely negative t 1:20 were 
assigned a value of O. Those showing 3+ a[g1utina- 
tion at 1:20 were asined a value of 10. Those 
showing very slight ag1utination at 1:20 were as- 
signed a range value of 2-IC. 

2. virus titrations were made after 14-LC hours incuba- 
tion at 3OC. on a reciprocating shaker. 

3. The virus inoculum was a 1:10 dilution of a frozen 
stock of allantoic fluid virus held at 20°Ce for no 
longer than 14 days. 

14.. 113G is isopropyl biguariide. 



TABTF 13 

Attcríipted cvra1 oy Jcoxyroonuc1eic AcJ. oi the 
Inhìbiton of Loo Influenza Vruc in Tissue Culture$ by 

Isopropyl I3îguanide 

Virua liernagglutinin present in tissue c1tures con- 
t&înng C.1 IBG3 per ml and the Indicated con- 

centration or sodium desoxyribonuclezte 
Cu1tur 5 ng i mg 0.2 mg 0.0)4. mg Control, Control, 
Number per ml per ml per ml per ml no DNA. vIrus 

0.1 mg only 
IBG 

per ml 

1 14.0 L.o 60 60 )4.o ióO 

2 30 20 60 )4.o loo 

3 20 C 16 20 30 160 

1.1. 6 8 16 C 20 160 

5 8 14. 8 8 8 80 

6 14. 14 14 6 8 80 

Geornetric 
mean 13...' 6.3 ]J4.6 16.2 19.3 126.9 

1. Ail figures in table represent reciìrocals of highest 
dilutions of tissue culture fluids giving complete 
hemagg lutinat on. 

2. VIrus titrations wcJe made after liJ4-148 hours incuba- 
ti at 35°C. on a reciprocating shaker. 

3. The virus inoculum was 0.1 ml of a 1:10 dilution of 
allantoic fluid virus freshly harvested from chick 
embryos. 

14. IBG Is isopropyl bîuanide. 



in later experiments. This is shown in Table iLk, experiment 

1, with p-aminobenzoic acid at a concentration of rag por 

ml. However, when this experiment was repeated not oven a 

suestion of reversal was obtained, and the titers of cul- 

tures containing p-arninobenzoic acid plus isopropyl biguan- 

ido were quite similar to those containing only isopropyl 

biguanide. 

The data in Table 15 show that folie acid did not give 

a definite reversal of the inhibition by isopropyl biguanide. 

A;ain, a suggestion of reversal was obtained in one experi- 

nient but when this experiment was ;'epeated no reversal ap- 

peared to take place. In experiment 2, folie acid i;i e. con- 

centration of O.2-O.OLj. mg per ml appeared to prevent the in- 

}ibition by isopropyl biguarilde to a slight extent, the 

titers of these two groups of cultures be1n1 somewhat higher 

than those of the isopropyl biguanide controls. However, in 

experiment 3 the titers of all cultures containing isopropyl 

biLuanide were aLnost identical, whether or not folie acid 

was also present. An additional experiment also failed to 

show any effect of the folie acid. 



TADT iL1. 

Atteipted Reversal by p-Aminobenzoic Acid of the Inhibition 
oi Lee Influenza Virus in TIssue Culturs by 

Isc)propyl Bigunnide 
Virus hemagglutinin present in tissue cultures con- taining 0.1 mg ThG per ml and the indicated concen- tration of p-Anilnohenzoic acid 

Culture C.0 mg 0.2 mg 1.0mg .0 mg Control, Control, 
Number per ml per ml por nil per ml rio PABA, virus 

0.1 mg only 
IBG 

per ml 
ExperIment 1 

1 20 0 0 20 0 160 
2 0 C 0 20 0 bO 

O C C 2-10 0 60 
4 0 0 0 0 0 60 
s O O O O O 
ô O O O O 0 30 

Exoerirnent 2 
1 30 ôO i8o 

30 6G 8o 
3 20 L1.O L.8o 
) 30 320 
s 16 30 320 
6 8 30 320 
7 8 20 320 
p 
..- p ir 

9 8 20. 2O 
10 8 16 214O li 

) e 2L0 
12 8 20 

Ueometric tean 12.0 23.7 321.7 

1. All fie, ires in table represent reciprocals of highest dilutions of tissue culture fluids giving complete 
hemagglutination. Dilutions below 1:10 were not made 
In Experiment 1. Cultures negative at 1:10 were as- 
signed a vslue of 0. 

2. Virus tìtr&tioris were made after i$)-tE hours incuba- tlori at 35°C. on a reciprocating shaker. 
3. The VIrUS inoculum was 0.1 mg of a 1:10 dilution of allantoic fluid vin1s either frozen at -20°C. for not 

more than 14. days or freshly harvested from chick 
embryos. 

14. IBG is isopropyl biguanide. 



TABLE L 

Attempted Reversal by Folle Acid of the Inhibition of Lee 
Influenza Virus in Tissue Cultures by Isopropyl Biguanide 

Culture 
unthcr 

Vir )rceflt in tissue cultures 
containing C.l ing IBG per ini and the Indicated 

concentraticn of crystalline follc acid 
Experi- - g i mg Control, Control, 
ment i per ml per ml no viru.s 

folio acid only 
0.1 mg IJ3( 

I o o 
2 0 0 0 

O O O tO 
4 0 0 C 

5 0 0 0 

6 0 C O O 

Exri- 0.2 mg C.C).j mgControl, Control, 
ment 2 per ml per ml no virus 

folle acid only 
0.1 flß, IBG 

i 4O 30 3 ]L0 
2 30 30 I. 120 
.3 30 20 L. 120 
14 20 8 2 120 
S 3 a 2 120 
6 )4 2 0 30 

Experl- 0.2 rug 0.014. nig 0.008 mg Control, Control, 
ment 3 per mi per ml per ml no virus 

folie acid only 
0.1 mg IBO 

i 
2 L1. 

U 

14. 

1ô 
16 

l 
8 

:Lo0 

120 
14. 2 8 120 
2 2 8 2 80 

5 0 0 2 
o O O O O 

1. It was necessary to adjust the fluids in Experiment i 
to pH 8.0 tu keep the folio acid In solution. Con- 
trol cultures were also adjusted to pH 8.0. 

2. All figures in the table represent reciprocals of 
hifhest dilutions of tissue culture fluids giving 
complete hemagglutinatiun. Dilutions below 1:20 were 
not made. Cultures entirely negative at 1:20 were 
assigned a value of 0. Those showing 3+ agglutina- 
tian at 1:20 were assigned a value of 10. Those 
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Table 1, continued 

showinE, very slit ag1utination at 1:2L were as- 
ained a range v1ue of 2-10. 

3. Virus titratioris were made after )4)4-Lf hours incuba- 
tion at 3°C. on a reciprocating Bhaker. 

).. The virus Inoculurn was 0.1 i1 of a 1:10 dilution of 
allantoic fluid virus freshly harvested from ciiiCk 
ernbro s. 

. lEG is isopropyl bicuanide. 
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DISCUSSION 

Th inhibitory actiofl of iopropy1 biguanide for tii 

Lee iriflucnza virus doos not appear to be due to ar ir'rover- 
sible toxic effect on the tissue. Without doubt tiui factor 
is of importance at the hi:her concentrations of the corn- 

pound, above 0.2 mg per ml, but nearly complete inhibition 

of virus rowth is obtained with concentrations which aro 

not toxic. 
In view of this fact, anìother explanation of the mode 

of action of this compound must be sought. The experiments 

attempting reversal by several known inetabolites, of the in- 
hibition by isopropyl biL.uanide should be of value in this 
respect. 

The results of such experiments with L-arginine 
strongly suggest a slight reversal of the action of isopro- 
pyl biguanido but as the results were not conclusivo any 

statement in regard to an antagonism between arginino and 

isopropyl biguanide would be quite speculative. The fact 
that completely negative results were obtained with lysine 
seems to suggest that the guanidino group, which is shared 
by arginino and isopropyl biguanido but not by lysine, i.s of 

significance. 
Falco (7, p.107) observed the inhibition of the 

growth of Lactobacillus casol by paludrine (l-p-chloro- 
pherìyl-5-isopropyl biguanide) arid by several pyrimidine 
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derivatives which were structurally similar to paludrine. 

The inhibition by paludrine was reversed by guanirle, and to 

a slightly lesser extent by adenine, xanthine, and hypoxan- 

thine. Thus a compound rather closely related to isopropyl 

biCuanide appears to be in some way irivolved.in the nucleic 

acid metabolism of L. casei. The results obtained in the 

present study do not indicate that the purine adenine, or 

even DA itself, is capable of reversing the inhibition of 

influenza B virus by isopropyl biguanide. ievorsal studies 

with guanine and possibly the pyrimidine bases should be 

helpful in shedding further light OU tile question of possi- 

ble interference by isopropyl biguanide with the nucleic 

acid metabolism of the host coil-virus complex. 

In addition to the reversal by purines of the inhibí- 

tion caused by paludrine, Falco also found that Colic acid 

was an effective reversing agent. This observation was siso 

made by Greenberg (11, pp.27-27ó), who found that inhibi- 

tion of the malaria parasite Plasmodium gallinaceum could be 

partially reversed by elticr folie acid or p-aminobenzoic 

acid. However, Thurston (20, p.L36) found that inhibition 

of Plasmodiurn berghei by paludrthe, although reversed by 

p-aminobenzoic acid, was not reversed by Colic acid. 

Because of the similarity in structure between palu- 

drine and isopropyl bi:uanide, p-aminobenzoic acid and folie 

acid wore investigated as possible reversing agents for the 

inhibition of Lee influenza virus by isopropyl biguanide. 
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However, the data do riot indicate a reversing action by 

either of these two compounds, suggesting that the mode of 

action of isopropyl biguanide in inhibitiri influenza virua 

is riot the same as the action of paludrine in inhibiting the 

malaria parasites. 
The data obtained in the present invostiation do not 

seem to offer any valid explanation of the mode of action of 

isopropyl biguanide. It apparently does not act by causing 

irreversible damage to the host cella. Arginine in proper 

concentration may interfere sligItiy with its action. Pro- 

vious work (12, p.)4) has shown that t has some in vitro 
effect on the virus, causing more rapid loss of infectivity 
if exposure is long enough and the temperature is optimum 

(2L. hours at 3700.). No effect was observed within 2 hours 

at this terperature. 
It still seems possible that isopropyl biLuanide may 

act in sorno manner as an antiinetabolto in virus biosynthe- 

sis. It is also possible that the in vitro effect noted 

above may play a part in the in vivo activity. 
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CCI)NS 

The opttna1 dt1ut1n of the iru,culum of Leo influenza 

virus to be ud in the tiseue culLurea aa deterninì. lt 

w found that th final virus titez' wa de:xdnt upon the 

initial concentratIon of the virus in the inocu1uit. C3ncenu. 

tratcd inocula gave hic.her vi'uz titea than more dilute in 

ocula; 0.1 ml of g :10 dilution o' freah a1iartoic fluid 

virus cave a Batisfactory inocuiwn for ost cxerirnents. 

The ettect n vir Crowtii of incubatIng the culturec 

on a rectprocatin ahaccr ws invstiate. Virus titera of 

the cultures shaken dur1n. incubation were noticeably hIher 

than those of stationary cultures. The naxItu titers of 

the shaken cultures were also reached more quickly than 

those rt etationai7 culturea. 

Titrtin of the cultures after t44.fi hours of incu- 

bation was found to be des.rsb1e, a the hemagglutinin 

titers of the cultures did not increase after this ti.ie. 

Three coapounda were studied tar possible effects 

upon r.et Influenza virus in tissue cultures. These cou- 

pounds were DL.citrulltne, L-c&navanlne, and isopropyl bi. 

uanide. DL.cttruliine has no effect on the growth of the 

VIPUS under these conditions. both Z.can*vanine and iaopro 

pyl bi;uanide in eoncentraticìna of 0.1 ï per l caused 

marked inhibition of the vi rus. Both of these ctpouns 

were much more active In tissue culture than they hd re 

viously been found to be In the chick embryo. In tIue 
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culture the minimum effective concentration in each case was 

only about or'e tenth of that required in the chick embryo. 

Isopropyl biguanide was investigated more extensive- 

].y. It was found that concentrations of this compound which 

were rhihitory to the virus did not appear to cause irrev- 
ersible daiae to the tissue, so that lt would be unable to 

support virus growth. Hence this does not seem to be the 

mechanism by which the Lee virus is inhibited in tissue cul- 

tures. 

Several metabolites were tested for ability to re- 
verse the inhibition of the virus by isopropyl biguanide. 

L-arginine, L-lyslne, adenine, desoxyribonucleic acid, p- 

amlnobonoic acid, and folie acid were investigated as poss- 
Ible reversing agents but none of those compounds showed any 

ability to reverse the Inhibition of tue virus, with the 

possible exception of argiriine. In 2 of 3 tissue culture 
experiments and in one chick embryo experiment a slljt re- 

versing effect was noted. The concentration of arginine 
appeared to be critical. 

Further studies are needed to clarify the mode of ac- 

tion of isopropyl biguanido in inhibiting the Lee influonz& 

virus. 
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