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LETPRODUCTLION

slthough the viral diseases have plagued man and
animale through the ages, the etiologic agents were noi
glearly identified uniil the beginning of the 20%h cen-
tury., Historically & number of viras infections were
easily recognized by the symptoms which they proa&eaa
and physicians of the day prescribed thelr favoriie
romedies. .among these were pine, honey, and garlic
for the comizon cold. ‘'he bark of the green willow,
gsalioylioc aocid plasters, and the prickly poppy were
regommended Tor the treatment of warts. Yellow plants
ware presoribed for cortain types of Jjsundice. RHabies
yielded to garlio, river crabs and the liver of the nad
dog. Herpes zoster responded to the application of
cats blood. 2Iven Shakespeare criticized the chiocanery

of the mediocal profession when he sald, "The most sove

ereign presoription in Galen is bat gupiricutic®. (1)
With the establishment of bacsteriology as a seien@e,

attenpts were made to find chemotherapsutic subsbances

whiah would inhibit bvacterial growth in the host. a8

late as 1920 hope was all but abandoned in this gquest.



Then in rapid succession cume the sulphonanides snd the
antibiotios. As late as 1930 the inhibition of viral
mulbiplication was thought useless beoause of the intra-
gellular position of the disease agent., 1% was held
that the metabolic activities of host and virus was S0
closely interwoven that what would kill one would also
destroy the other. The development of such antiviotios
a8 sureowmyein and chlorasmpheniocol have shown that inni-
bition of viral multiplication is feasible.

The information contained in this thesls Iocuses
attention on viruses as rsi&tgd o atvempts &l choemo-
therapy. wherever possible the meshanism of action of
a drug is given prominence. The experimental material
{8 econcorned with attempts to prevent muitiplication of

infiuenza A and B viruses by means of enzyme inhibitors.
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SULPHORAMIDES

llechanism of Action

The first real attempts at a chemotherapeutie ap~
proach to bacterial infeotions were made by Stamp (2)
who isolated inhibitory substances from Group A and ¢
gtreptogocei. UCreen i) also obtained a similar ocome
- ponent from Brucells abortus. These observations were
overshadowedl by the discovery of the sulphonamides
which stimulated a great deal of lnvestigation iato
the action of the drugs against susceptible orginisms.
The demonstration by uoods (4) that p-aminobenzolc acid
(PABA) would negate the effect of sulphanilamide wes en
outstanding contribubion later aanﬁirﬁe& by many workers.
woods ‘%) and rildes {5) postulated that the sulphon-
amides blocked an essential metabolio system in $uaeap@ibla
organisme which wes reversed by PABA. woods (4) sonceived
the relationship between PABA and the sulphonesmnides to be
a gompetitive one. He concluded that any organism which
would form enough PABA %0 meubtralize the sulphonamides
would remain lmmune; or, that organisms which utilized
PABA in the form of pteroylglutamic acid (PGA) would bs
resistant t¢ sulphonamide sction. In the field of bacs~

terial metabolism the application of this consept of
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Work (13) defends the Woods-rFildes theory and points
eut that the oritisal aspeot of Sevag's postulate rests
on two premises: +%he observation that PABA itself may be
inhibitory and ihat the action ls non-spesiflic. He fesle
that the first premise is invalid sinee an excess of any
metabolite fre uently exhibite inhibitory rather than
stimulating properties. Seoondly Work belleves that PARA
is an essential metaholite :br certain microorganisms
and that Sevag's "non-specific® effect is based on the
use ¢f a less sensitive bacterial strain. The exact en-
zyme systems whioh are involved have not been established
ag yot, and many problems remaln to be settled. woods (14}
ralses the question, "How does the mature of the produscts
of the reaotion correlate with PABA?" In addition, folic
aoid, purines, pyrimidines, thymines and certain amino
aclds as serine, lysine, and methionine have been shown
%0 be coneerned with the action of PAiBA, since many of
these will reverse sulphonamide inhibition. Methionine
has received special consideration becuuse it does not
aet in a ocompetitive manner. Other amino acids as gly-
6ine, serine, and allothreonine do not antagonize sulphon-

amides by themselves but each enhances methionine.
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Xohn (15}, therefore, has suggested the following e~
tension of wood's theory to ascount for the role of
PABA in the synthesis of purines, ceriain smino aclids
and possibly pyrimidines. The primary reaction in whioh
PABA tekes part may be inhibited by the sulphonamides.
fhig in turn casuses growth suppression because of failure
of the oell %o produce essential amino acids. The blook
is ciroumvented and growih is restored by the addition
of methionine, xanthine, glyeine and guanine %o the media.
Disclosure of the formula of folie acid indicates

that PABA might be displaced by the sulphonamides in

the pteroyl glutamic asid molecule. GSulphonamide sensi-
tive ztraine of bacteria were found to grow in the presenge
of PGA. These results suggest that Xohn's scheme could
be modified. Although PGA antagonizes the action of
sulphonamides in several organisms, it oznnot replace
PABA in Lactobaeillus arabinosus or cdertain nutants of
Ze ooli.

In addition, using certain folic acid inhibitors

and staphylocosous, it was found that their effect was

nullified by PABA, PGA, pteroic acid and even by sulfa-
thiazole, but not by glutamie or p-~aminobenzoylglutamie

agid. ‘The inhibitory actiom of sulphonanides, however,
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CHIOTH JRAPY OF VIRUS DISSASAS WITH SULPHONAMIDE DRUGS

The observation that sulphonamide therapy is some-

what effective in certain virus diseases has stimulated
extensive Investigation of the mechanism involved.
7indlay ‘%) obgerved that if some strains of the virus
of lymphogranuloma venereum are mixed ﬁith #ulghnn&miﬁe
infeetivity is not destroyed, but virulsnce is reduoed.
Sinse, however, obher strains bescame non-viable when
placed in contact with the drug, he proposed an sxten-

sion of the PABA theory. Those viruses which reqguire

PABA are sascepbible %o the action of sulphounamides,

and those whish prove to be insusceptible synthesize
enough PABA to neubralize the sulphonamide inhiblition

or they utilize PABA at a higher level, namaly PGA.

Henry (8) believes that csllular depression by sulphon-
amife therapy might afreot multiplication of the virus
by slowing down cell growth. This concept seems reason-
zble because the sulphonamide drugs are known to ilnercass

(20} gpyg

the severity of most rickettsial discnses
observation has been correlated with the fact that the
rickettsia grow better in ocells with a lower metabolic

rate, 88 is produced by dinitrophenol (21) or other



depressants (2&)‘ Henry further postulates that if a
virus is a self-propagating paritlcle, the sulphonamides
might hamper its autocatalytic properties, Until sush
a method of virus propagation is proven, this concept
must remain merely a oollection of words. Henry (9)
gives as his final alternative the thought that inter-
forence may be due $o an adsorption of the sulphonamide
to the virus particls.

It might be well at this point %o call attention %o
8 well-@efined family of viruses, the lymphogranuloma-
psittacosis group, in whioh the salphonamides have yroven
to be partioularly effective. There is doubt, &t thié
time, as o whether the 1ymphogranuloma-psittacosis group
should be classed with the viruses at all. In size they
range from 200 t0 400 mu in diameter, the larger partic-
le8 are not filterable and may be seen with the ordinary
nioroscope, thay contain thymaﬁuglaia acid, they pro-
gress through a definite morphologieal oyole within the
oeoll and &re antigenically sipilar, The'ﬁtn edition of
Bergey's Hanual of Determinative Bacterioclogy has asep-
arated them from ﬁn@ viruses. This is probably promature,

for there i by no measns & unanimity of opinion as to

their altimate claszification.
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In & recent review (1) ana from the work of indi-
viduals, goneral agresment has been reached on the
eifaatiVsnéws of sulphonamide therapy in lymphogranuloms
venereum, It has been shown that there is a beneficial
in vivo therapeutic response in man. In the experimen~
tal animal the protection obteined by the sulphonamide
drugs is also reversible by PABA (*®). In the treatment
of psittacosis the evidence is conflioting, but in man
poor results have been noted (z2) and strain differences
in susceptibility to sulfadiauine have been observed (Z$).
In experimental studies Zarly snd ilorgan (24) have shown

that the inhibitory effest of sulfadiazine on strain

26

6B8C is reversed by FABA and PGﬁ(ag)‘ Subsequently Hurgaé
found that PABA and pteroic acid will inhibit the growth
of psittacosis virus in a competitive manner while PGA

exhibite a non-gowpetitive sulphonamide antagonism. From

these data they reasoned that plterols acid was an inter-

mediaste in the synthesis of PG4 by the psittacosis virus.

A sulphonamide~resistant strain has boen developed from

the original 6BC strain {3?1“ In mice, sulfamerazine

was effeotive in the treatuent of mouse pneunonitis (58!

and PABL reversed its aotion (*), Sulphonamide failed

in the treatment of feline pneuwmonitis, a related virus(dg).
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Phe treatment of Hrachoma has been hampered by many
veriables sueh as the prescnce of strains of low and
high virulenge, secondary infection, inadeguate dos-
age and faulty disgnosis. Two slinigal reviews on

this subjeot lead ome %o believe that sulphonamide
troatment is efficacious (3@)‘ inclusion conjuncti-
vitis is ocured by the use of $u1fa§1aziua, espesially
in young children (81) and since this virus is rarely
asgociated with secondary infection, the action must
be direotly on the virus. One should bear in mind

that purely oliniesl evaluations of & drug are usually

not reliable.
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It 18 transported across the ocell wall by an energy-
regulring metabolic reasction which is absent in gram
negative organisms. On the basis of his data, Gale
feels that penioillin exerts its toxie effect on gram
positive organisms by preventing the transmembrane
passage of glutanic acid.

Isolated observations concerning the possible

meohenism of astion of y@ﬁiaillin are recordsd below.
Interference with SH groups, psrticularly glutathione,
has been suggested by Pratt and Dufrenoy (33;. A come-
parison of the effeots on gram positive and nagative
organisms indicates that catabolisu of the mononuelsce
tides is blooked (%8)‘ The proper use of eobalt
decreasss the peniocillin requirement in vivo and in
vitro (98), suggesting some effect on coenzymes. S4 e

(39)

monds and Fraton Tound that glyoine was insorporated

inte a peptide befors being metabolized and that penli-
alllin prevented this bacterial peptide synthesis. An
inogitol-utilizing strain of yeast has beon deseribed

which, unlike most yeasts, was sensitive %o penisiliin,
D=glucose~l-phosphate and frustosg~l-6-phosphate neut-

ralized the offect of the drug. Similar results were
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obtained with Lactobacillus arsbinosus and Staphylo-
COGOU8 aursus (éa}ﬁ

Organisms trained to dispense with certain amino
acids becams wmors resistent to penieillin without any
econtact with the drug., Furthermore, penicillinase
was not produced by all resisbant strains (&1}, in
experiments using radiocactive penicillin it was found
that resting sensitive organisms could take up small
amounts. When large asmounts were used, the penleillln
uptake renained the same. The authors postulated,
therefore, that there is a direet chemical combination
with & eellular component (433.

Hotohkiss (43) demonstrated that penicillin-
trested staphyloscasi d4id not differ markedly from
untreated organisms in thelir rate of oxygen upiake,
phogphate, glutanie acid or amino acid utilization.
However, the nornal cells metabolized the snino acids
to form protein, whereas the treated cells did mot. In
addition, the treated staphylocoscl produced oxtracel-

lalar non-amine acid nitrogencus substances in guantities

approximately equal to the amino acid nitrogen used.
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From the data presented it is evident that peni-
eillin probably acts by SH inhibition and interference
with nucleis acid Formation. Peptide and polypeptide
gynthesis disorganization has been shown but the in-
tormediats steps in all the above processes are, as yeb,

LRENOWN «

Experimental and Clinical [ffeste of Fenioillin
sxperimentally, penioiilin has not inhibited the
growth of lymphogreanuloma venereum virus except when
huge doses were used {&4), although 1t ssens %o be
effeative in ths treatment of the elinical @iﬁ@agﬁ{%ﬁ)n
The cursative action of penicillin on oini%hagis and
paittacoeis in mice was first demonsirated by Heilman
and Horrell (46} put the action is virustatio rather
than virucidel. Penicillin has inhibited psittacosis
and ornithosis infections in man (47), The meningo-
pneamonitis virus 1s also susceptiblie to pemieillin
both in chiock embryos and in mioce {éﬁ}» Troatment of
inelusion conjunetivitis has given remarikable reaaltaiégz

Its use in the pox viruses ie without offect -~ s0

much so that purified penicllilim is added t0 vacoinia
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virus to inhidbisb 9&%&0@6&10 organisme which might cause
infec¢tion (311. However, when vaceinlia and crude peni-
gillin are mixed and injected into rabbits the viral
lesions are abolished gf"“""'”a Investigation has shown
that the substance producing this inhibition is _robe
ably an impurity of penieillin which resists bolling
for 15 minutes (50}, It has been suggested that the

aotive substance is O-hydroxyphenylasetis aeia (51},
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STRAPTOMYCLN

While penicillin snd strepbtomycih overlap im thelr
antibacterial speatra, they probably exert thelir inhib-
itory effects in entirvely different manners. 3Streplo-
myein is more active against gram negative and acid fast
organisms whioh reproduce at a slower rate than the gram
positive ones. If penicillin-treated asssay plates with
B. 0011 as test organisms are placed in contact with a
sarbolio solution of trypan blue the dye is retained in
the cells in the outermost zone of inhibition. By con-
trast streptomyoin-treated sells, when stained, show
no signs of such dye absorption and furthermore the
basteriostatic zone oveuples & much larger arsa of the
inhibition segment ‘9%),

Den Doonen de Jong (83) has suggested that strep-
tomyein may form & "bridge" between two molesules of
nucleie asid. ‘This hypothesis is further supported by
the demonstration that nuoleio soid is presipitated by
streptomyein (54}, 1t might be well o comment here
that the relative inertness of nuoleic aciderich vir-

uses t0 streptomyoein makes this consept seem improbable

a8 & major mechanism of sction. Inhibition of oxida-

tion also has ita proponents. Hirsch and Dosdogru (65)
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believe that streptomyein interferes with raspiratory
enzymes while Fitzgerald et al (56) have shown a de-~
orease in benzols acid oxidation by certain strains of
myscbacteria in the presence of streptomyoin,.

In the most sonvineing work, Umbreit and assoo-
ilates (67,58,59,60) have observed that sireptomyein is
probably effeective in the region of the pyruvate-oxal-
asetis cycle. Their experimental date suggest that 1%
is the oxalacetic-pyruvate coundensation whioh prevents
“g yvariety of substances from enboring the terminal-
respiration system that resembles the citric acid sycle®.
FPurthermore, dependent and resistant gtrains of 4. oell
nave the ability %o bypass and dispense with this con-
densation. Streptomysin is prevented from affecting
the oxalagetis-pyruvate eycle of the normal gell by two
barriers of either a chemical or physiocal nature. The
first is present in the exbernal cell membrane and the
second is found &t the level of the mitochondria. It
streptomyoin was able %o bypass sither or both of these
barriers i% then suppressed the oxalacetio-pyruvate con-

densation of the oell. Such barriers to the aoticn of

the drug were absent in Z. coli end present in tissue
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CHLORAMPHINICGOL

Hode of Aotion
Smith et all62) fested the effect of ohloram-

phenicol om 456 iseclated enzyme systems and failed to
demonstrate any inhibition of cellular respiration,
transamination, or breakdown of protelus. The ohly
action of the drug wes agauinst purified basterial

and liver esterases. In doses up to 1 microgram no
change was noted, L to & miorograms gave a definite
inhibition of activity but 3 $o BO, however, resulied
in & marked stimulation of esterase activity (50-80%)
while dosea of 50 micrograms or nore gave conmplete
suppression of esterase activity., The antiesterase
effeots on mitochondria and liver homogonates were
notigseably different from the above. «hen mltochon-

dria or animal cells were used the action was incom-
plete in that the drug inhibited only 40 to 8505% of
the esterase astivity exhibited by the mitochoandria.
A% congeuntrations of 100 mg or more uo ﬁignifiéant
inhibition gould be demonstrated, These observations
on normal tissus cell barriers to shlorawmphenicol cor-

relate with those of Umbreit on streptomysin (&0}.
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Sffeet on Viruses

Remarkable rickevisiocstatic activity was described
in the earliest laboratory reports om ohlorampheni-
so) (63} and, experimentally, strain 6BC of psittacosis
was shown %0 be suseeptible %o chloramphenisol treat-
mwent whille the viruses of Japanese encephalitis and
influenza were resistant. Chloramphenigol possesses
‘eonsiderable therapeutis activity in subryonated eggs
and mice infected with the viruses of psittacosis or
lymphogranuloma venereum and this activity is oompar-
able in amount %o that demonstrated by others for
sulfadiazine and penicillin tested under similar cone
ditions (64), However, infection was not prevented
in mice treated prophylactically nor wers tissuss freed
of virae when the drug was used for chemotherapy. Syn-
thetio shloramphenicol has bsen shown to produse the
same virustatic effect {68}, (linteally the larger
viruses have responded rather well to chlorampheniool
therapy, inoluding the psittacosis-lymphogranuloma group,
infeotious mononusleosis, atyploal pneumonia, herpes
zoster, and ocertain osular viruses, but the smaller vire

uses still remain vesistant (66,67:68)
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AURSOMY CIH

Mods of Aotion

There has been no important contridbution o the
mechanism of action of asureomyein in the literature

$0 date.

2ffeot on Viruses

Eaton (69) pag demonstrated in ohiock embryos and
mice that aureomycin has & therapeutic offset in atyp-
igal pneumonia while with ohloramphenicol under the same
sonditions there was amn irregular result. ungner (70)
has shown inhibitory properties of aureomyoin against
ton strains of the psittacosis-lymphogranuloma group
which was characterized as virastatie rather than viru-
gidals. The Grug is ineffeotive against herpes simplex
growing in chlok embryos ﬁTl). |

Clinieally the use of aureomyoin would appear to
be indicated in all oases of atypleal pneumonisa (?8},
psittacosis-lymphogranuloms infections, trachoma (719)
and certain osnlar virus diseases (?%33 Prelininary

elinieal roporis, in contradistinetion to experimental

ones, suggest that auwreomycin may be of use against

herpes simplex and herpes zoster (?5}; The reported

effectivensss of aureomycin in the treatment of
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influenza by Finland et al (76) igs far from gonvineing.
?hus like cshloromycetin, surcomyola has no certain or
definite suppressive ability ageinst the smaller vir-

uge8.s
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TERRAMY CIE

Mode of Action

There has bsen no description of mschanism of

aotion of this new antiblotic at the present tine.

This drug is probably olosely related to aursomyain,

Effect on Viruses

A reoent publication by Finlay et al (77) has
desoribed the antibiotio as effective against cortain
of the large viruses and preliminary publications
stated that 1t was also effective against influenza 4.

In general, it is olear from Figure 1 and also
Irom the discussion that ceriain of the antibiotbie
agents, namely, aureomyoin, ohlorvamphenicol snd ter-
ramycin ars effective therapeutic agents against the
psittacosis-lymphogranulouna group of viruses, This
finding represents an outstanding achievement sinae
it demonstrates clearly that it is possible to attask
and limit the growth of some ol the intrasellulayp

agents of diseass. Of particular interest are the

elaims for efficacy of aureomycin and chlorampheni-

ool against some of the smaller viruses, especially
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herpes zoster and simplex 88 well a8 Keratoconjuneti~-
vitis, vhe latter being oanly 86 millimicrons in dlameter.
The establishment of virustatic rather than virucidal
sroperties should also be noted. Thess observations
provide hope that it may be possible, soon, o modify

the development of extremely small viruses such as

poliomyslitis,
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CHEMICAL COMrOSLTION OF VIRUSZH

All studies to date show that viruses have one
component la common, nucleio acids, and these in turn
may be separated into desoxyribosenucleic {DNA) and
ribosenucleis (RWA) types. The plant viruses, which
wi;i not be reviewed here, have been thaiﬁaﬁ in crys-
talline forwm and oonsist entirely of pure RHAfwg}«

This finding hes oreated the impression that all

viruses are, therefore, nusleoproteins. The animal
viruses, however, conbtain varying guantities of
nusleoprotein of the DNA %ype with the exception of
poliomyelitis (833, western equine eneephalitis (WzE)

and easierm equine encephalitis (ZiE). The amount of
nucloele acids present in different viruses ranges

Trom & low of 4% (BiE) to 45% in bacteriophage Ty (81,82)
DA end RNA have been found in bacteriophage (85,98)

as well as in influenza by inight (85) and Taylor (8ﬁ3»

(a7 3 however, has been unabls to verify Taylor's

Enight
work in all respects. Papilloma, the most highly pur-
ified of animal viruses, o nsists of DNA, no REA being
found by existing chemisal methods (88), In adaition

to nucleoprotein, most animal viruses consist of lipid
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GENERAL CHFMICAL COMPOSITION OF SOME VIRUsgs (82)
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and carbohydrsate (79,82,85)  auong thom being wil end
BA2 which have & high lipid fraction sonsisting of
phasphciipid; sholestoerol, and fatty aclid (89), wore
garbohydrate is present in influenza virus than cen
be agoounted for by nuclelo acid, and it consists of
either mennose or & glusose~galactose complex (87),
Hewoesstle virus, whioh resembles influenza, has glu-
cose &s its carbohydrate (79). A summary of the chem-
igal somposition of various viruses is presented in
Figures 2 and 3.

Wwith veaoceinia virus DHA was shown to be the only
nusleic acid present (90) along with a carbohydrate
somplex other than nucleic acid., Although RHA has
besn reported in vaceinia, Hoagland et al (91,92)
found that infectivity remained constant despite treat-
ment of the elementary bodies with ribonuclevtidase.
They also found nusleio aoid intimately associated
with purified alementmry bodies and that adenine and
guanine were present., Thymine was not isolatsG =b
such, but a positive test for its prescnoe was obiained
with purified material (93], Lipid, neutral fat and

eholesterol were present, the latter velng removable
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without ehanging infectivity (ggagﬁja Biotin was shown
to be present by biologioal tests (g@)w Copper and

Tlavine adenine dinusleotide wers also demonsirated
(92,97,98,99)



&9
SlZYMES IN VIRUSES

MoFarlane and Dolby (95) found no zymohexase,

envlase, glucosidase or nuolecsidase and Hoagland et al
no dehydrogenase (97:98), The latter group d4id show
phosphomonoesterase, phosphodiestorase as well as ribo-
nuclease and desoxyribonuclease activity (QQ}; Bauer
{(100) ig eritical of the method for determining the
latter two because of the extended incubation time of
99 hours. He maintains that a 30 minute incubation
period should be sauffielent to demonsirate activity

if present. The phosphodiesterase activity is orit-
joized because of the possibility of basterial contan-
ination. The detestion of large amounts of biotin is
condusive of acceptance (?8) but ribofliavia may well

be & sontaminent ‘*°°)., sigurdsson (101

reported

that many viruses ars inhibited by high aeid oconcen-
tration, indicating the presence of ascid-sensitive
catalase. Since influenza virus will attach to the
surface of a variety of red blood cells, slute there-
from and asgain agglutinate red cells with no appreciable
dimunition of activity, it is concluded that %he virus

contaling & muéinase (lﬁ@}» With a clearsr conception

of the nature of the subsirate this conclusion might
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be justified. 'The demonsiration that vaceinia elemen-
tary bodies readily adsorb phosphatase, catalase and
lipase (97} paxes 1t seem inprobable that enzymes slaimed
t0 be associated with elementary bodies are genulne oon-
stituents (100), Contaminating substances frem host
tissue have made the enzyme study of animal viruses
highly complex and unreliable. To date no incontest-
able evidenoe has been brought forward %o show that
enzyme systems, including those of respiration, ars nor-
mal eonstituents of viruses. The data have been summar-

ized in Figure 4.

Metabolio Activities of Virusges

The neurotropic sirain of yellow fever, lymphoeytie

ohoriomeningitis and lymphogrunuloma venercum causs an

inerease in xanthine oxidase aotivity in mouse brain (0%,

102} ana in ¢ ek embryos ‘XGQ). Pearson and uinzler
using Theilers D VII virus, in mouse brain tissue cul-

tures, found no inorease in oxygen or gluecse and Laotie

aoid production over their controls {195)‘ Further, in

gimilar cultures using radiosetive phosphorous (P}, they
found the activity conoentrated in the RNNA Lraction and

an inoreese in the total RHA at the expense of DA (106,107



Fipure IV

ENZYME SYSTEMS CONGERMED IN VIRUS cmowrn (100)

Virus Absent Pregent

VACCINIA Zymohexase Phosphodiesterase
Enolase Ribonuclease
Phosphoglucomutase Degoxyribonuclease
Adenosine nucleosidase Phosphomonoesterase
Peptidase Riboflavin
Triosephosphate dely- Copper

drogenase Biotin

Cytochrone oxidase
Cytochrome C
Hyaluronidase

INFLUENZA Hucinase Hucinase
Desoxyribomiclease
Phogphatase
Zanthine oxidaze
Adenosine triphospha-

tase

Buceinic delydrogenase

LANSING Hyaluronidase

MU Hyaluronidase
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oo prosonde 0L the virus slso laorueaacd incorporation
of gloovss fraguoents inso $he prosein Iraction and doe
srefised ingorporation int%o She Lipld frsatiocn. jaoker
and Yrinsky (308) peported siudioes showing she iuhibition
of anseroblo glyoolyals by homogonsioes o0 vouse byanin
infeobsd with the Lenging struln of policuyoeiltis virus.
I, Shree hours alter infe ting oubyros with inflae
gush, Padlosetive vhoaghorous is injovted aliantoioslly
fnd thon silowed to incubate 45 hours and sssayed, wost
of the phosphoroas (P} 1s found in the pontose nusieio
nold frnotion (3091, in horpes Infsotion of ohiok eme
bryos, sokeroan and Francis observed a 34 o 420
inoretae ln wolghW® of ilwvwe sue heurd, whiob develope
Mant was al he espvnse of other orgens. Thors was on
insrooase in Bhe tosal nuclelc acids bav the DEA/INA
6340 rounined Mhe sanes infested hoors nuscie showed
inoponsed suceinicoxidnse aovivisy by L7 apd deorcascd
OLuken&glutnri& ROSEVESy around LU¥. leepite nh il
grouged wolght, %he Alver netabolisn remuined noreal.
The tolel loes of mesabolis ability was compsngated
Tor by the inoxesse in slsze of Phe orgens oo Shad She
actual fdecpense of suocinicoxidass cotivisy wes not

apparent {136 »
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Enight found about 7% aspartiec and glutemio secid
in influoenza viruses and about 5% arginine and isoleucine

(1;1). Hoagland also has shown that difforent strains of

viras have significant difforences in amino aecid content
(84) and Stanley has maede the same observation with plant

virases (112) e
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1§ VITRO INACTIVATION OF VIRUSES

The problem of in vitro inactivation of viruses
18 beyond the soope of this thesis and only pertinent
observations from the extensive literature are inolue
ded below. Among the in vitro experimenis of interest
are those of Adams (313) wno demonstrated thatvvirasaa
sould be inaativ&ﬁea by violent shaking or bubbling of
gas through the solution and that the addition of pro-
tein had a sparing effect., He feels that the spreading
of a protein 8t a gas-liculd interfece results in de-
naturation of protein and that shaking or bubbling
enormously inoreases the area of this gas-liguid inter~
face. If, then, protein is added, there is competition
for the interface with a resulting spariag action on
the virus. He further states, "in denaturation the
proteins ars probably unfolded from a highly specific
globular substance into a relatively anspecifie poly-
veptide whioh probably exposes hidden S3H groups anﬂ_
phenol groupe tc the action of chemicals ets." Burnet
and Lush (11¢) heve also commented on the effect of

surface~acting agents on viruses.
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I% has long been known thet viruses are extromely
suscepiible te certain oxidizing agents, and wagner and
Stacy {115} have recently shown that p-benzoguinone,
potassium permangenate and periodate are effeative
againgt ianfluenza A. Goebel et al (118) have suppressad
ribonucleass and type III pneumoscoccus activity as well
as WEE by incubation with periodic mcid., it hes been
held that periodic aecid is chiefly concsrned with‘aarba~
hydrates and the destrucstion of fowl red blood gell re-
ceptors for certain viruses by periocdic scid was indireoct
evidence for the oarbohydrate nature of sush receptors.
They present data, however, that periodic acid may act
on proteins by severing the cearbon linkages between
adjacent hydroxyl or hydrexyl and amino groups. Ascorbis
acid destruction of viruses was shown to be due %0 hydro-
&en peroxide (~ll7). Other animal viruses have been
inactivated by incubation with small amounts of saliocye
lates (113). Cortain lipid extracts of normal sera from
various animals are able to suppress ?ﬁiﬁtﬂé@&is virus
in mice illﬁ). Phospholipid-free and sphyngamyelin~
cerebroside fraotions exerted a 10 to 100 fold iuapti-
vating effect while leoithin and eephalin deoressed the
titer 10,000 to 100,000 fold, with lecithin ten times
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more effestive than cephalin. Xaiser destroyed vaseinia
and myxoma virus by 80 second exposure to iodine vapors

and the virus was not reastivated by thiosulphate (ng)*
Comments about the arsenieals and meroury are reserved

for the discussion on SH inhibitors.
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Over 400 sompounds other than the sulphonanldes
and various antih;a%iaa hve beon tested agalnst a
varisty of virusoeS. ﬂhfarkuunﬁals the effect ol Sthuse
gubstances agalinat ensymes is no% inown since the ine
voatigators wore more concerned with ghemotherapeutio
results rether than %the metabollio pathways concerned
in viral nulsiplication. 1% seems reasonsble then %0
divide the sompounds into two goneral groups: Thous
which show thorapsutio promise and those which did not.
This informabtion is further suumagized in Figures 6, 6,

ané 7

Thoprapeutisally Ineifestive Compounds

in 1942 oggeshall and Maler (120} tested, in ine
flaonza and poilomyelitie infected mics, amowe oF
different compounds, buong them beling salphonanide dere
ivatives, salfones, .uinolines and misvslilancous cheniocals.
The following year Krueger (3817 gtudied a largs nwibes
incluGing sulphonanides, ssridines, neoarsphsnsnine and
several antivieties incluading Subtilim. There was ne

desonstrable protsetion for the mices Colncident with



Pigure V
ADDITIOHAYL CHEMOTHERAPEUTIC ATTEMPTS AT VIRAL DNNIBITION

_ Author Neler—

Virus _Johibitor Used ance Hunber
WEE Anesthetice 12k
NEUROTROPIC Anesthetics 125

Trypan Red 126
LANSING Thyrold 127

Arsenicals 128

Hormones 129
INFLUENZA Synthetic deterpents 130

Quinine 131

Atropine sulfate

Isocyanates 133

Atabrine and q:.i.nacrine 13k
Pyridoxine, inositol,

and Biotin deficiency 135
FOTLPOX ’ Pendcillin & Patulin 136
VIRUS DISEASE Sulphonamides 137
OF CHICKEES
LYMPHOGYTIC = Prontoeil & Neopronmtosil 138
CHORIGMENINGITIS
HURINE & FELINE Sulfamerasine 139

PHEUMONITIS




Figure VI

COMPCUNDS BHOWING SLIGHT EFFECT ON VIRAL MULTIPLICATICN

Virus Compound Tsed i+ ik
VACCINIA Choline & similar compounds 1o
PSITTACOSIS  Mitroskridin (mice) U
LANSING Substituted pyrimidines 2
THEILERS Potassiwn & phosphorus def. U3




Figure VILI
INEIBITORS OF VIRUS MULTIPLICATION USED IN TISSUE CULTURE

Coupouwnds unds Author Refer-
Virus Bffective Gﬁ?ﬁaa&m encs Number
VACCINIA Chloro- & bromacylamnides.
Dinitrophenol, cyanide, Analogues of s
Azide, atabrine, pro- pantothenic &
flavine, iodoacetic picotiniec aevid.
acid and substituted
griino aclds,
B-2-thienylalanine L6
O-iodoscbenzoate and 147

hyrdroquinone
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this work was the atbempt of Andrewes et al (41} wno
investigated more thaen 125 sompounds known to possess
some bagtericstatic astion agalnst bacteriea. .Enfluanza
lung oconsclidations in mice were not reduced by any of
these. Cubiing and assoclates ‘ 22) oxamined 150 come
pounds without effest against herpes simplex, neurovageinis,
and influenze in mioce and chiock embryos. Among the sube
stances tested were asoridines, metallic csompounds, pyridi nes,
surface bension reducers, compounds with labile methyl
groups, amino acid derivatives, intermediates in fat esnd
sarbohydrate metabolism, vitemins and vitemin analogues
and nucleic and related acids. The same investigators

(123) unsuccessfully attempted in 1948 %o inhibit vace

einia virus in eggs and mice, as well as staphylosoceus
bootefriophage wi th pentoses, including arebinose and
inositol, seven pyrimidine drugs, antihistamines, anti-
folios ceompounds, syclohexenes and uracils, Benzoxszole
exerted a slight but ifrregular therapeutic efiect with
vaesinia virus in mice (;gg)’

In 1949 Sahafﬁar et al (148) tried several an-
esthetios, morphine, magnesiuam sulphate, cytoschrome €

(besause of value in combabing anoxia), dithiobiuret

(possible enzyme inhibitor of nerve cell) and
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dithioocarbamate agalnst ceritain strains of pollomyelitis,
eneephalitis and influemza PR B straln. Certain carba-
mates were shown to give a minimal depression of herpes

simplex multipliaat&on{lig}.

Gompounds with Therapeutic Promise
Aoridine compounds have been tested by soveral in-

(lﬁO,Lﬁl,lﬁE,lﬁﬁ,l&l}. Green et al {151}

vostigators
veported that nitroakridine 3582 oompletely prevented
hemagglutination by influenza B virus provided that the
dosage d4id not exceed 10 infeoting unlte, An inorease
in the virus inoculum beyond 10 units resulted in a
lower hemagglutination titer of the allantoie fluid
than was obbtained in the control combryos, Rasmussen

et al (152) in & follow-up paper noted that nitroak-
ridine was less effootive against influenza A virus

but believed that they had demonstrated an in vivo
inhibition of both strains, Their results may be
oritleized on the grounds that their method of viral
assay depended upon henagglutination titers which are
1000 times less sensitive than actual infectivity ti-
ters. One must, therefore, suspect that thelr success-

ful resulte were, at% the most, very minimal ones indeed.
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Other investigators have been unable %o confirm the

(122,141) . nice Hirst did mot deme

above Tindings
onstrate inhibition of EEE, louping-ill, 35%. Louis
sneephalitis, rabies and influenza A viruses with nit-
roakridine 368z (141) |

0f mach more significance are the results of Green
(153) using neutralized tannie acid as an inhibitor of
influenza A virus in chick enmbryos. With suitable
doses of tannie acid (1 mg) the actual multiplication of
influenza &8 measured by infectivity is prevemted. The
drug is efieotive when glven © hours before or ons hour

after the virus. These observations have been confirmed
in part by the writer. Unfortunately, while tannic acid
sorbines with proteins and the resulting combination is

(lo4)

resistant to enzyme action relatively little is

known about metabolic effects of the eompound.

With the larger viruses Jaton et al (155) BUpPPTOS-
sed o2t pneumonitis in chiok embryos with acriflavine
and several related compounds., Proflavine, atabrine
and others were not effecitive. Various nitro compounds
have been tested against other viruses of the psittacosis-
lymphogranuloma group by IZaton and Jackson (xéﬁj. These

compounds are of interest in view of their pelationship
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to chloramphenicol. In eggs chlorsmphenicol was
effective againet oat pnoumonitis, lymphogranuloma
vensroum and meningo-pneamonitis; penitrobengamide and
8 sulphonamide derivative also were inhibitory. Laton
ot al (157) yere able to secure good inhibition of ocat
poeunonitis virus with scdium arsenamide using ohiok
embryocs, but the resulis in mice were not as olear or
as pronounced. If arsenamide is given one hour after
inoonlation of ehick embryos with eat pneumonitis virus,
almost complete inhibition of multiplication ovecours. LI
glven 24 %o 49 hours after the virus, partial inhibition
ogourss A related compound was less agtive and the re~
sulte were not as striking with sll chemicals ageinst
meningo-pneumonitis viros.

Raﬁbma in 1942 (188) deleyed the development of a
non~lethal pox on chiokens by the use of cuinine -- an
observation not confirmed, although earlier HManwell
and Goldsteln il&@) had shown that mercurocchrome would
prevent lesione from developing on the chorio allantoie
membrane. vwhile podophyllin was shown %o be effective
against vensereal warts by Cult et al (160,161) it prob-
ably acts on the tissue rather than the virus itself,

by preventing vell division in the late prophase.
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smanto and Felsenfeld observed prolengation of 1ife in
more than one half of the mioe infected with low con-
gentrations {10“?} of the Lansing virus by means of
malenonitrile (Lﬁa). Phe dilutions of virus used were
80 high, however, that it is doubtful that they were
working with the lansing strain, and casts doubt upon

thoir eonclusions. Subseguently Melzer and Adelman (163}

used a confirmed strain of Lansing viras (10“3, 1074 ai1-
ution) and found that malononitrile had no effect %hat*
s0ever.

salle (364) hag desaribed the inactivation of
influenza A &nd Hewcastle disease viruses by Sabtilin
{ a polypeptide antibiotie). Using chieck embryos, & ngs
of Sub$ilin reduced the homagglutination titer Tfour-
fold when & 10™% doss was asaﬁ; while a 10~% infecting
dose of influenza resulted in complote auyyreaaion of
hemagglutination. A8 with the nitroskridine experiments
of Green (181) no infeativity titers were done, however.
The inactivation would appear %o be an imyaxtan% sontri-
bution to the study of viral mulbiplication Wwere it not
for Krusger (121) who previously found Subiilin inefe

feotive in the treatment of influenza infected mice.
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It is claimed that anesthetics reduce mortality in
mice infected with cerdain neurotropic viruses (1x4,125)
and similar results have been observed in man (165) but
the mechanism of action has not been determined. uMice
infeoted with neurotropic wviruses show prolonged sur-
vival by the administration of thyr@id (127) and hormones
(1293“ Poor general nutrition {16&,166,&67,168)* espes-
ially thiemine deficiency (169,1?9,1?1)’ and psnthothenic
acid (172) have apparently deoreased suscepbtibility to
infeotion in experimental animals, The discovery that
esertain polyssscharides would prevent nultiplication of

numps and influenza viruses, as well as the naturs of the

inhibition, will be disoussed in the following section.
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BACTERIOPHAGE

A study of bastabiaghage sonstitates an idesl
gystem for determining sssential virus-host relations
for the following roasons:

1. FPure strains of phage are antigeni-

eally distinet and specifie in their
agtion.

2o It is possible to purify phage sul-
fioiently for chemiocal analysis and
to examine the purified produet for
biological aotivity.

D The invasion of the bacterial cell
may be visualized by means 0f the
eleotron nicroscope.

4, The chemiosal ceonstituents of the medis
for growing baoteris can be eontrolled.

e Resistant variants whioch grow wp
following the action of phage can
be studlied.

6. The aystem is partiocularly well ad-
apted for enzyme study in the Warburg
apparatus.

Despite all the above advanteges, the use of bas-
teriophage has not, as yet, furnished crusial information
on the mechanism of maltiplication of the basterial virw
uses because of the complexity of the problem. The use
of varied strains and medis, lack of adequate controls

in meny published experiments and the presentation of
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sonfliocting data, even when the same stralns are used,
all prevent any olear, coneise summation of haatarion
phage growth and multipliceation. It is slso becoming
insreasingly evident that information obtained with
bacteriophage and bacterial systems camnot be applied
without considerable reservations to the animal viruses

where bthe host-parasite relationships may be even more

somplox.

Amino Acid Relationships

Cohen and Fowler (LV&)‘ stuldying the smino a¢ld re-
gairements for phage, found that the omission of phenyl-
alanine, tryptophane, leuoine, valine, glutamic acid and
methionine and histidine were detrimental. Phage will
not grow in distilled water but will in a dilute solu-
tion of glyoine ‘£7&). The addition of asparagins,
gluoose, arginine, nuoleic asecids and alanine are with-
out effeet while combinations of asparsgine and glucose

{178)

wers inhibitery (274}, inderson was able to en-

hange the growth of T4 and T6 viruses by the addition
of amino acids in the following order: +trypiophsane,
phenylalenine, diodotyrosine and tyrosin; tryptophans

was found necessary as an absorption fastor or aoenzyme.

Leucine and oysteine are able to inhibit phage growsh (176),
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Chemical Bifeots on Phage
SH groups have been shown to be present in phage by

inaotivation and reactivation with appropriate SH des-

{l??}.

troying or furnishing groups Insotivation of

bacteriophage by tannin, mercuric chloride and heat is

& chain resction and particles that are ilnactivated ap-
pesr to infect particles and acscelerate their denaturation
(

1?8}. Citrate and oxalate ions (179,180} have the ability

t0 decremse virus mulbtipliocation, although under certain

sonditions phage wmay be trained to dispense with their

presence ‘%), inong the toms, sodium (182:189)

{183)

» potase-
gium , Galeliam (l&l)’ and magnesium have been shown

%0 have a relationship %o phage multipileation.

Chemical Ixamins¥ion of Basturiophage

Cohen and Fowler (78} obaervea that purified ZTp
phage containe DHA. They further demonstrated that with
certain phage "the sole nuslelc acid produced is of the
DNA type and that the nuclelo ancid constit bas bhe sole
phosphorous-~osontaining sonstituent of the virus®.
Price (184) iy gontradistinction to Cohen found no dif-
ference between normal and infected cells in amounts of

inorgenioc phosphorus, edenosine triphosphate (ATP), RUA

or DHA., 1t is important, however, to keep in mind that
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Prioce used penleilliin %o suppress basterial growith and
this antibiotioc may have interfered with nucleic aoid
metabolism as well. 4l)l phage strains which have bgeen
examined chemigelly have showm lipid fractions which
consist only of fat in contradistinction to many ani-
{83)

nal virusss { 185}. Cohen alse found that the

sole source of phosphorus in phege came from the exe-

186)
ternal media, and this was confirmed by Putnam et al ( .

{18?), using a nonelysing strain

However Goldwasser
of basteriophage and a biologlcesl method of purification

as well as chemical, confirmed the suspiseion that chem-
ioal methods are not sensitive enough. He found that
chemioal procedures removed 95§ of the phosphorus in
orude lysates whioh bad been assumed to represent that
present in phage. Removal of 90% of phage by adsorp-
tion with bacteria, on the other hand, left the phosphorus
gontent of the medium unchanged. Goldwasser coneluded,
therefore, that the amount of phosphorus present in
eentrifuged lysates could not be used as an index of

the amount of phage present, HHe also shawaﬁ, in eontrest
to Cohen, thait there was a rapld turnover of HHA. ZHaeh
investigator worked with different baoteriophages and
this may explain the diserepant results, Ths data do,

however, emphasize the danger of plueing too much reliance
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on chemical methods alones. Final evaluation must awalsd

further chemiocal and biologloal studles.

Respiratory wuotient of Viruses

The RQ of infested staphylococel fluotuates period.
jeally, which indicates an explesive liberation of carbon
dioxide. OUshydrogeneses are among the first enzymes %o
disappear from bacteria undergoing lysis. Before lysis
takes place the phage~-infected bacteria appear %o be as-
phyxiated (138l‘

(189) ,pgerved that phege-resistant

Henry and Henry
strains of bacteris manifested slower rates of growth,

deoreased aerobic oxidation of sugars and dissimilation

of pyruvate, bubt aerobie glyaélyaia of fructoss and man-
nose was g?ea%ar than with susceptible sirains. By
replacing the oxygen supply with nitrogen or by the use
of oyanide or iodoacetate, (ohen (190) demonstrated im-
mediate lysis of B. coli infected with baoteriophage.
He heliavaﬁ this phenomenon was dus %o " a rapid reor-
ganization of the cell substance, which in the absence
of the host's energy supply is uncontrollable, leading
to autolysis and disrupting of the sirugtures essential
t0o phege synthesis%.

fhe observations (391) that the RQ remsins the same

in infested and uninfeuted cells and that adsorbed
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inaetive ultra-violet irradiated phage also stops bacter-
1al multiplication with no ohange im RJ, points %o the
fagt that despite crucial damage %o the reproductive moch-

snism of the cell, the energy systoms are not modified

but merely &iverted to new synthesis. The mechanism of
such & synthesis is obsourc sinee lonod and wollman (192)

found that adaptive enzyme formation is suppressed by

bagtoriophage.

The Effeat of Vitamins and Analogues on Bacteriophage
Woolley and Murphy (193) observed that desoxypyri-

doxine inhibited the muliiplication of T, basteriophage
and this effect was relieved by pyridoxine, Iormioc, ace-
tie, bubyric and valeris moids, and glucose-6-phosphate
and pyruvic ascids. Laotic, malie, fumaric and succinle
acids were somewhat lecass effective. Roberts et al (194}
have shown that vitanmin B-12 inoreases the rate of DHA

formation and in turn stimulates the ralte of phage fore-

mation (196), prige (184) pouna that if nicotinic acid,

a so-Tactor from broth and phage were added simultaneous-
ly to & synthetic medium containing organisus, maltiplisa-
tion of phage ocoured. If the co-factor and nicotinic
acid were placed in the medium prior %0 the phage they
were rapidly absorbed by the bactorial cells anmd phage

gynthesia was provented. He consluded that his results
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were an argwaent against the Precursor theory il??J*

Hetabolio Antegonisis

Addition of methionine sulfoxide, the annlogue o
glatanio a0id, as well 85 indoleed-acetic acld in vapy-
ing dilutions have suppressed phage growth {176},
Cohon and Fowler (196} roung that certain eoncentrations
of deindolescetic ascid inhidite phage formation while a
20-S0ld dilation stimulates viras growth, Ivdoavetmtie,
flaoride, szide and grepicldin were able to prevent the
synthesis of phage (B4}, 9ne rirst taree are known %0
blook ATP FYormntion in the carbohydrate oyole while grasie
ioidin prevents the uptake of inorganic phospborous Irom
the medium., Arsonite was used by ISpisizen (397} ag an
inhibitor of phages When RB-d-dinitrophenci (DUP) is
added to certain ocullures of l.oo0ll, growth opases bul
respirution scontinues {198), If phags is added to this
system, respiration is deoreased, lysis is inoreasecd and

maltiplication of phage doos not caour ‘lﬁg'lggﬁg

Trypo-
flavine und acridine, ns woll a8 nalachibe green, peuning-
phonol, thiamine and DEP will inbibii phage formasion

'ﬁ} [ .
LRI, ritzgere

while sodium fluoride iz less effegtive
ald and Leo, and Fitzgeraid and Bubbit (5030208} paq,
denonstrated that several sgridines incaldlng "phosphine

GRE" are capsable of suppressing phage.
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In perhaps the most intoresting work, Foster (208)

has shown that proflavine gonosntrations which do not
affeat bacterisl growth inhibit eompletely the mwultip-
lication of T4 and T6 phags. The concentration of
inhibltor required is iuversely related to the length
of the latent period, which represents the time neges-
sary from the addition of phage %o the formation of new
partiocles. Of importange is the Ifinding bthat when pro-
flavine is introduced during the latent period 1%
effeotively prevente phage formation. Inhibision of
the bacteriophages may be obtained if the drug is added
a8 late as 1l2-15 minutes after infection, & period
about equal to one half the latent period. If pro-
flavine is added during the period of multiplication,
éeoreaaed yields of virus are obtalned; the extent

of inhibition is an inverse function of the time of
addition of the drug. Apparsutly proflavine blooks
gome luto step in the Hrocess of multiplication of phage
but does not interfere with sarlier steps since the
removal of the drug during the first part of the latent
period permits normal multiplication. Cohen and inder-
son (204) have inhibited TZ phage with B-nmethyl trypto-
(2005)

phane and reversed it with trypiophane + Llke
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proflavine, complete inhibition is obtained only if the

drug is added during the first half of the latent period,
These findings, along with Fowler's, suggest that inac-

tive virus is present during the first half of the

laten®t period and that phage formation is, thercfore,

a synthetiec process in whioch the virus is bullt up step-

wisse until maturity is resached.

Theories of Hultiplication

gohen (83) postalates, "one readily apparent mech-
anism for virus synthesis is the tilme-worn toumplate
hypothesis; since virus does not seem %o be a self-dup-
licating unit but rather a duplicated unit® ~- which is
synthesized from the model it presents. Bescause virus
components, like phosphorus, may be obtained from an
external goursce the thoory that precursors exist in the
csl) which are sutosatalybically transformed to virus
by the infecting agent is negated. Cohen, therefors,
gonoludes that , "a virus is a parasite which arganizes
a spesific enzymatio environment for its own maltipli-
sation.

Wyekoff (z08)

, by means of electron micerosccpe pic~
tures of T2 basteriophage, sees purticles developing in
ruptured bacterial protoplasm until they have used up

most of it. The particlss are small and suggest Torms
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whioh resomble %the multiplication of cocei. He assumes
that most of the growth takes place in liberated proto-
plasm rather than in the intact basteria. The faets that
phage has & gomplex organization, that emino agid dif-
ferences exist between host and phage, wnd that discrep-
ancies are found between diffusion rates and particle
size are presented by Wyekoff as proofl of "an indepen~-
denoce of particle movement thaut presumably would sustain
some kind of metabolis setivity®. Such a concept pos-
tulates "living" self-reproducing porticles much smaller
than some protein molecules, as the hewooyanins. Herlind
(207) also thinks that phage forms intracsllular colonles
by bin&iy fission. |

HMore recently Luria and Human (208) have used chrom-

atin staining methods on infeoted baoteria and concluded:

le that phage is & wmore "spatially orgen-
ized process" then ordinary basterial
growth,

2. that baoterial genes are supplented by
virus, whioch direots a new synthesis, and

. that insctivated phage carries the pro-
cess to a certaln point before disappearing.

They found specific oshanges duse $0 phage, sush as an
alteration of the ohromatinie bodies in bacteria, then s

swelling of the cells with the formation of granular
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shromatin {"phage nucleoprotein®j. If inactivated
phage was used the granular chromatin developed and then

gradually faded away.
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PULYSACCHARIDIS

In 1952 Levine and Frisch '#9?) gemonstrated that
extracts of Salmoneclla, probably polysacshuride in natare,
combined spesifically with their homologous bacteriophages
and inhiblited multiplisation, The polysaccharide natare
of the inhibitor was further established by Gough and
Burnet in 19354 (310’» Subsequently Jllis and Spizizen

(182} jomonstrated that phege also could bs imastivated
by large concentrations of starch, inulin and gum srabia.

Maarer and wWoollsy (211) observed that peectin d4id not
prevent mulitiplication of phage but it did inhiblis bao~-
terial lysis. The first successful inhibition of a ylanﬁ
virus {tobacoo mosaic) was obtained by Takahashi (313),
who utilized & polysaccharide from yeast for this purpose.
with the animal viruses daurer and VWoolley (233) revorted
that the growth of the agent of influenza was arrested

by polysaccharides derived from flaxseed, myrrh, gum
agacia, ampple and oitrus peotin. In addition some poly~
galasturonides were also found %o De afrective. During
the same year Horsfall and .eCarty (21e) reported that

& number of bacterial polysacoharides were eapable of
preventing the multiplication of pneumonis virus in mice

(PVM)., Outstending among these was the capsular substancs
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of the Friedlander's bacillus where as little as 2

micrograms per mouse proved to be sufficient. These

observations wers extended to the mumps virus by

Ginsberg et al (215) who obsarved that as little as

5 miorograms of the Friedlander's polysacocharide (¥p)

inhibited multiplication in the chorioallantoic sac

of the embryonated egg.

A detalled study of these phenomenon revealed the

following ‘216!217):

1.

4,

5.

6.

The polysascharide, itself, was non toxie to
the ohiok embryos both grossly and microscop-
ically as far as could be determined.

The mumps virus was not inaotiveted as result
of contasct for 30 minutes at 4 degrees (. with
the polysaccharide as measured by infectivity
titers of gerially diluted allanteisc fluids.

A significant degree of inhibition was obtain-
ed as long as 96 hours after infeotion with the
virus.

Formation of new virus was abruptly prevented

by the introduction of polysaccharide into the
infected egeg but at no time did a desrease in
the amount of virus already formed oaour.

A faot not stressed by the suthors is that
massive doses of polysaccharide did not cone
pletely abolish viral multipllieation.

The viral inhibiting portion of +the poly-
sacoharide molecule was independent of the
serologic part of the molecule as shown by
treatment with hydroxyl ions and puriodic aecid.
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7. Polysacocharide 416 not destroy the virus

receptors of the host gelil. This was showm

by experiments in which the polysaccharide

was introduced into the allantoic sae and

subsequently washed out with saline. The

introuustion of virus into the sas follow-

ing this prooedure resulted in waximal

maltiplisation,

On the basis of the above faots the asuthors conclude
that the Friedlander's polysasecharide does not inhibit
mouse pneumonia and numps virus per se but rather that
it blocks "s& metabolic step . . . which is reguired for
the multipliocation of both viruses".

Weolley et al (215) had originally conoluded from
their observations with apple peotin and influenza A
virus vhat the inhibitor had combined with or destroyed
the gell receptor. He later nodilled this view and BUuge
gested that the inhibition was due %0 a sompetition
between virus and apple peotin for a spscifie cell sub-

{o
strate éla)a It &5 of interest here %o note that

»

Friedlander's polysaccharide does not inhibit multipli-
gation of the influenza A or the Newcastles virusegczx@)g

The data presented above may require reinterpreta-
tion in the light af a recent study by Heilbrunn and
Wilson {219)Q Those authors invesiigated a polysacshar-
ide obtained from 5. marcescens which was capable of

inhibiting cell mitosis. Their previous studles convin-

ced them that just prior to division the protoplasm of
the cell undergoes gelation and that mitosis was depene

dent upon this phe:
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proventet mitosis by interdering with gelasion, They
roasoned, therefore, that beonuse the mercesdens poOlye
ﬁaﬂahlriaa wae sble %o inhibib ocurtain wouse onucwPs,

its nobtion wes probubly dae %0 & heparin-like ofleots

This hypobheals was subsitansieted by axperisenial svie
dence %0 sbow that the %we subatuness Webe olodely relubued,
if no% identioni chomleslly.

Ulpsburg ©% al {#39] 414 not oonsider su offect on
mitosls an & pochunism Lo the inhibitien by polysacohans=
ide of the mamps and JVH vireses. LWhse observalioas,
previoualy wentioned, such as supyrreseion ol p&&gu Tigdm
$ipiloantion by oitrate and oxulude ions or the wbsoenos
of calolam jons aro ia sgroeement wish she Hellbrunn-
Wilaon aonoepl.

i% 18 of intorest Lhed Sho nuoclear apparsius is
rather inteinelonlly associsted wish vnlnal virasaes (EaU)
amd also with baoteriopbage maltiplilication {303;' The
predoninanes of DHA ia anlpal virases sgsain ampaauikau this
rolaticusiiip. The insimete suscviation betwaen viral
wmuliipliioation and vell divigion sugyusis shat nuclear
autivity wey bBo & ey %0 the en%ire problem. Ceriainly
1% would seen imporlent to deternine AY FrieGlafidur's

polyssocharide end heparin aps slac reiated.
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INTERFARENCE PHAHOMENA

0f growing iunterest is the phenomenon of inter-
ferenoce boetween two animal viruses in s given host.
For several reasons this interest is Jjustified:
first, it may possibly lead %o a system of olassifi-
vation or separation, and sescondly, 1% may throw some
light on the possible uethod of enzyme synthesia of
gertain viruses. Several investigators {221,332)'
inoluding Delbruck and Price (2@3)} have worked with
this problem and have reviewed the subject.

Jenner in 1804 observed that herpetic lesions

would prevent formation of vadoinia lesions and even

today some physieians utilize this obssrvation in re-
verse, that is, glve smalipox vacsination in an effort
%0 relieve herpetic infestion ‘234). In other reporits
it was noted that veceinizn would not take on the ocor-
nea of rabbits reocently reodovering from herpes simplex

infection (£24); also the antagonistio effest of

vaeocinia on foot-and-mouth disease and naarovaeaxnia
on rebies has been demonstrated.

Interforende may oocur between lmmunclogically
related viruses, between antigenically unrelsted vip-

nges, betwesen activated and inactivated viruses and
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finally dual infections of &8 host may take place,
Examples of the above, in order, would bs interference
of a neurotropic atrain in the ohick embrye (BE&).

foot-and-mouth disense interfering with rsbies ‘223},
inactivated influensza A agsainst sotive influenza &(227)
and finally the simulteneous growth of influenma 4 and
B viruses {ggg},

The injsotion of eertain viruses in concéentrated
amounts may lead to a phencmenon ealled "auto~inter-
fersnce" (829}5 It has been postulated that in
undlluted viruses inhibiting substances may be pres-
ent which are lost on dilufion. In this connestion
it has been shown that the injection of undiluted in-
Tluenza virus leads to fthe Tormetion of two well-defined
particles of different sizes, asg @uﬁermipaﬁ by physieal
maansg The larger one possesses all the properties
asgooiated with influenza virus aud the smaller one
{precursor) is non-infeotious, causes hemagglutination
and also interfeorencs. The precursor concept has been
supported in & dlfferent manner by the finding that
injection of undiluted virus material is followed by
the development of hemagglutinins within 3 %o ¢ hours,
whereas infaativiﬁy'remaina stationary for 6 to 6

(2&0)” (231)

hours Hoyls has also made similer obser-

vebions.
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when one atteompts to explain the phenomenon of
interference the theories are numerous and sonflieting.

The use of inasitivated influenza virus 4o suppress
active influenza would tend to negate the theory of
exhaustion of cellular metabolite 3339)’ The theory

of interferense by metabolic substances of anothen
virus still reguires the demonstration of such pros
dusts. It has been thought that the attachment of one
phage partiele to an organism would no% allow further
infeotion; this has been shown to be unitrus (232,283)
and therefore the penetration theory thus falls with
the others. The well known phenomenon of the attach-
ment of hemagglutinating viruses t& redl colls with a
subsequent elution of unchanged virus whioh resulis in
a permanent alteration of the cell, has led to the eon-
eapt‘uf gall receptors being present on the susgepiible
cells which combine to attach the virus., ldany of the
nucoid substances, oholera enzymes, ete., probably owe
thelr effectiveness to the sombination with or desirue~
tion of ocell recepiors (234){23510 These recepbtors,
then, if neutralized would prevent infection, The
receptor bloskads theory, therefore, remaing a possi-

bility but has nmot besn indisputably substentiated 224},
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The blockade or key enszyme theory remains as the most
plausible explanation for interference (222,236) and
fite most of the observed fasts after ruling out other
faotors (230,237,238}, hus, an insetivated virus pers
tiele could combine with the spesific enzyme and blook
ocut the astive particle (19130 If virus production
iz atepwise then interference eould ocour at any point
in the proeess of viras formation. The addition of
presursors %o such a congept will require expansi cu of
the theory and must be conslidersd in fulurs experiments
dealing with this phenomenon. The theory nmust alse

explain suach observations as those of Syvertan and

RBarry (239) who presented evidence of the simultaneous

infeotion of & single o6sll with three viruses.
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Introflugtion

Thes plan of the following experiments was based
on the hypothesis that ihe synthesis of virus could be
biooked by the introdustion of Key enszyme inhibitors
into the tell envirvonment. Onoe this had bosn adoump=
iished it would then be necsasary %o identiiy the
particulay sngyme invoived and thereby elacidnte ithe
mechanies of multiplication,

The influensza groay of viruses were seleoted bDew
sause ¢ the oase of culiivation and the cleare-out
natare of the end-point, namely, red blood pell agglue |
tinetion, The embryonated eyug wes utilized as & culture
madian becaunse 1t repreasnitad an caslly stanu- |
gdardized mediam free of conteminasing viruses. The
inhibitors und virases sould be uuﬁiiy introdusad iabe
such an intast system and ganmples removed us will.

The preliminary sXpoeriments recorded bslow represent
asterpte at standardizstiion of procedures. The final
axperiments may be taken neg examplos ol the spplloation

of the Seohalque %o $he problen opigloally posed.



Hethods

Influenze A (PR 8) and B (Lee) viruses wers de-
rived from Dr, T. Franeis,}ﬁnn Arbor ,lichigen. They
were maintained by allantoic passage in 9-10 day old
chiok embryos. Stook viras was lyophilized. DPassage
was sccomplished by the sllantoic injection of 10=%
dilution of 0.1 ml amounts and the sggs incubated for
48 hours. In these studies the viruses were kept at
high infectiviiy by repeated passage and storagoe, for
very brief periods, in the carbon dioxide box.

The inhibitors used wore obitrined from various
gommereial scourees by purchass with the exception of
mono sodium fluoroamcetate and Japharsen, which wers
gilven by the ionsote Chemieal Cowpany and Pavke-yavis
Company, respectively.

Fertile hen oggs were obbtained from a looal hatchery;
8 %o 10 day old embryos were used and the same scource of
supply was employed throughout all exporinents.

The folliowing general plan was carried throughout
all experimenis. It consisted of Tirst establishing the
50y, lethal dose (LD BO) of the inhibitor by ine
Jeoting, allantolically, previously candled sggs. The
embryes, sxoept where noted, were candled at 24 and 48

hours and the deaths recorded., The virus, in neasared
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dosos, wag mixed with variocus ocongenSrations of inhibitopr
and both injested siiuntoloully, uithoagh fa ourdy expes
imonte tho inhiditor wae aususlly given Yirsts followed by
tho wvirus. Usuaslly the %otal voliuwnme of both inhiditor
and virus never oxtuoded Usk mi but this varled with pure
sioular axperinentis, The eggs were thsn asetied with

- paruffin and insubated. A% She end of laoubation they
wore sundlod nad placed in the refrigoevator for at least
i hours. Tho top of the shell was then broken by & suall
foroepe , axposing She embryo membranpes, 4 L0 sl Laer
ayringe wau used A un saplrator and 1 nl quaniitios

woro withdrawn and pooled in equal avounts. Usanliy
homagelatisation touie wers porivremed lunediutely.

Twae mothods were onployed Lor hanaagiutxnuttén_aﬂa
terninasions. hen chiok cells wors used, U.& wli of
undiluted aliantoio Jluld was pisged in U.8 nml of suline
in iahn tubos. Jerial two-fLold diiations wers Shen nuede
in tubes oontnining U0 ml of sulines, The lust tube
porved a8 & conbrol. Then Uud mi 0i 8 O.L0) ohlcken cellis
was added to esnsh tube, shelken sand allowed tu siaud at
roon Semporaturs until bulton Tornution in the tube wue
olenrly defined, uwusliy ia 1 % l.D hours. . hen posw
sible, sgglutiontion patiterns wers oheoked ludupondently

by Swo ohsorvers. 7This method wos used ian all jrelluine
ary stadies bul the folliowing homsgglutination Sechuigus

wus used for the lapger sud fiaal type oxperiments. Ii$
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ommeisted of naking serial 43 lusions of virae as nbhove
61 o enol U.0 ml amcunt alding 0.6 =i of insotivated
rabbit gserus. To sach %ube O.1 nl of 0,78 hamen type
0 sellie was plpstted, She mixtured were sheken, sandéd shey
wara allowed %o stand at roomu Sumperasure for about B.s
hours oy until the control hud sullflelently sefinented,
in soue ceses the tubes were resusponded sud placed in
the refrigerator; JSLinul readings woere nsde She Tollowe
ing morning.

he oomtrol Wwubes withouts virus, by oither method,
usually showed & small packed nass of celis with sharply
defined cdges in the botton. Jin tubes which oonsulnoed
virus the oslis seomsd to sproad over %he bottom in a
single layer or show & definite ring of geilu, with
soattored selis bOVhE outwide and inside the ring. o
atbonpt wie nade Yo oetisate the luntensity of sgglutine
ation of cach tabe but the results wers simply recorded
48 nogative or positive. 1% might be sdded hers, howe
aver, thet Lo later experinmants while hemagglutination
testas were done, velisnoe was pisced on infootivity
tosts ag the Linal oriterion of virus multipliontion.

Infeativity titera were done by serfaily diluting

silantofie Tlulds in storile saiine fn wiits of sens A

glean pipette wis used wisth esoh veansfer und the contents
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of each Sube shaken fer tnaraagn-nixfng bolore pESEAED

to $he next tubes in the early exporimonts uping reie
abtively lasge smoun¥s of viras Ll&"ﬁjg Tow iafeativisy

tests worae done, Later influonza . wWAs pessed at a
lﬁ'? géilation in O.i Bl ssounte. Iofluenze U was passed
tn 10"% ailution. A% Ghe conolusion of She experiment
the viras,refiluted S0 original passange WROUNS,VES LR
ooulated inte no less than three fertils sggs. All were
flnoubated 48 hours at &Y (. and hemagglusination %ilers
perforped on pooled rlulda,

_In prepering the imbibitors for incoulution sminope
porin, Seasetylpyridine and nitrogen wasturd wers obtuined
in sterile ampules and were diluted with slerile saline
%o npprogrigta sonoentrations, The @ilaant used Jor nite
rogen mastard wap kept loe-s0ld in all dilations. Akl
otheor sheomioals were dissolved in saline and besited %0
60 Cu for one hour wilh the exoeption of the foliowing:

Mapharsen was pade up in sterile saline mud aliowed %0

stand for several hours in she ive box; peochloroncrourlige
bensuate wis dissolved in weak aliuli, neutrelized and
gterilized whilo %ennie soid wis nedbruilzed with sodiam

hydroxide and zutovlaved for 1O winutes.
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LELUiAL S0 MEHANTS

Fosassian Cyanide

Bgotuse of %he large aswunt of wori dons on potase
slws oysnide and, in pariloulur, it8 affeat on respirutory
systems, it was thought $hat this chemicel would be &
usseful inhibiver with whioh %o Degim shis fuveatigation.

In experiment I u oonutant guaniiity of {nflacnsa A
vizas (10"%), ten million ID, wis used with verying
smonnts of potsssiunm gyunide. The ayanide was firet Lue
Jaoted into the aslluatolo cavity of 9«10 day old ohick
ambryos. Jlmmediately following Sthis proocedure the viras
was lntroduoed.  mbryos dend prior %0 48 hours inccbae
tlon at 37 C. wore rouoved and peirigerated untili the
send of She euporiment, in these und all subsecuent exe
periments the living esbryos wore plased in the refrigere
stor for w0 hours before She ulinntole Lfiuids weroe
withdrawn, The fiulds from comparable vggs weru povlied
g %estodle IS 0an bu seen in Tuble 1 vhut the L B0
ot HOH, in 48 houvs, wus in She rogion of 0.UB s with
inoresning doses of ayunide the enbryos expired rspidiy
and thers wus 1i%tle opporsanlty Loy viral mulsipliosntion.
in %he iiving ombryes, however, the red oculli egglutination
{RC4}] sviter of sliantolo fluids was somparsblo with Shoue

0L the oontrols.



TABLE 1

The Effect of Varying Guantities of ECHN on the
 Multiplication of Influensza Virus

KCH Embryos Incubation Hemagglutination
Molarity ml KNumber Status in Hours Titer
0.1 0.2 & B 8 0
0.1 6 D 8 14
0,07 0.1 5 D 8 0
1 L 8 nte
0.05 0.1 3 D 30 s}
2 L 48 1280
0,025 0. 6 L L8 2560
0.001 0.1 é L L8 2560
none none 6 L LA 2560

Doset 0,1 mL 102 viruse
#not tested D = Dead L w Living
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Tuble £ presents s similar experinest with infiuonse
A virus in whiah intormedinte conventrafions of KUH were
euployed,  nbryos found desd after 3&, U, wnd 40 hours
8% 37 . were piaved in She refsigorutur. AlSer 40 hours
inoubstion, pooie of allantols fluid werw preparel Drox
the surviving ogge. Ai% osu be deen 3hat Lluids from all
living embeyos, with one sxoaption (0«07 X XCH) showed
RCA %iters equal 30 oy exoeeding She coutrols, mubryos
whiok bud expired prgviaun %0 40 hours sontalined varying
gusntities of vicas or none &% alls The dats ore nod
swsistont dut Shey show that even enbryos dying of oy-
enlde intoxloution within L& bours after infeotion olten
oontalined considerable guantitles ol virus as meosaured
by hemasgglustinadion. Jubsequent studies using inledtive
ity Siters would indionte The$ in Whis expuerinent virus
wis probably prosent in dilusions of 0™P to 10”7 dewpite
sarly Gonth of the embryos nnd the short jeriod of inoue
bation,

In $he neoxt axparimont, varying juanid ties of NCH
woro glven, followsd by 10™% inflaonsa 4 virus. A total
of 56 egas wers injeoted Tor onch 4ilasion of ayunide

together wish 12 oontrols, whioh veseived sullus. A%



TABLE 2

The Effect of Varying (uantities of Potassium Cyanide and Incubatien

Time on the Multiplication of Influenza A Virus

v Embryos Tneubation HemBgglutinacion
0.1 m1 Humber Status  in Hours Titer
Q.07 10 D 12 1250

1 D 20 320

1l L L8 0
0.06 2 D 12 1240

3 D 20 8o

3 D Lo 0

3 L L8 10210
0,05 g D 20 640

6 D 1o 1280

1 L L8 102l0

Y 3} 27 10240

k 5] 1o 10210

3 L L8 2560
0.03 12 I L6 10240
none 12 L L5 5120

D = Dead  Dose: U.1 ml 10°¢ virus L = Living
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6, IZ, &4, 36, and 48 houwrs alter inocsulztion, thrse
iiving und Shree dead (when posuible) ss well av shree
aonsrol oggs wera renoved aanl placed in bhe relrliees-
twrs The dala are presentod in Teble &, where 1% oan
be ssen thut Sho rate of forpation of wirus in Whe living
snubryos was not apprevisbly infivenoed by the presonde
of XU8s In 3he dsaﬁ oges Shere was o suggessive but nob
sonelusive retardatlion of virel growth,. Thesoe resuibes
agein indisute that lethal wud sub-lethal dosss of gyae
nide do net Spprecisbly alter the abllity of eells %o
rogonerats iafivenia vizas. |

The effent of prolongud vontunk hetween egual parts
of inflaenuas A viras and G.00 M KON was do%esmined in axe
pariment® O. Viras and {shivitor were nixed and held ia
the refrigerator foo verying pericds prior So incouiantion
into shiok ambryos. A sotal dose of Ul ni 0f the nixe
fure was then lnjeoted snd the egus incobated for 48 hours
ad 37 O Hamsgglutinntion titers of pooled Tiulds, o8

shown in Table 4, were $he sume Lor bLoth experisental and
aontrol eges.

in experinent H the dose of influobis virus wag VAD-
fod and the smount of oyunlde (0.1 ml of U.048 ¥) keps

gonstants Jix gousrol egge wers used Tor stoh virus



TABLE 3

The Effect of Incubation Time ad Different Doses of Potassium
Cyanide on the Multiplication of Influensa Virus

KCW W  Fmbryo Hemagglutination Titer of Allantole ¥iuld Poois

0.1 ml Status Hours of Incubation
6 12 24 36 118
D.06 L 6] 4] 280 1280 2560
D 0 4] 80 320 2660
0.0L L 0 20 5120 1280 2560
D ¢ 0 £120 1280 2560
none L 0 320 2560 6o 5120
D = Dead Doget 0,1 ml 10-2 virus L & Ldving



TABIE L

The Effect on Influense Virus Multiplication of Incubatien
with Potassium Cyanide for Varying Periods of Time

KCH Enbryos Hemagglutination
0,05 M MNumber Status Titer

% hr, 6 L 2560

1 hr. é L 2560

idnrs, 6 L 2560

2 hrs, 6 L 2560

Virns ) L 2560

alone

0.1 ml virus cyanide mixture injected
Incubation time~-ll hra,.
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dilution. The data reprosenis bas Pesdibd vd HGA
givers feon pocied alivaseis Zialda, L% oun be Baun
$hot maxiual L5038 wala shiained In ail fnatanced.

in opder %o dateraine LI Shae LCW wrouted virus wus Vvide

ble $he pooisd Tlalds wers than Giiabed %0 the degruee
used in she originnl inooulun and injeoted inwa~allene

totonlly into shiok enbryos. in 8il onses Lnfesilvity
renained constant, showing {fable B) Shat bosh henag-

glutination and fnfeotivity were uashanged hy exyoswre
of the virus to oyunido.

in all previous exporivonts lLurge doses of infliue
ongs virus (one to ten mililem iID) ned boen usod %0
detoruine if & growbh potarding ofrest of XCR gould be
chtained;with the following, more dilute inoouls of
vipgus wors used, fable & proseats duis in‘uniah ad
agge wers injested wish & 10™* juflaensza viras and &6
oggn with & 107% ailution of viras fellowing $he intro~
daotion of 0,00 X KON, L& oggs ware ased as ooutrols
for ench @ilution ol vizrue reBpeotivelys Thore was uo
appreaioble differonce in e sxperinental or aonvrol
HOA $isers., aAgaln She allantois Ziuids Irom desl ol
bryos slso sgglatinated red cells %0 & degree equal w0

pr Blightly lesa shon the BULLPOLE.

PThe sbove obsePvasicne were oxtunded in experimont
¥, in whioh 42 oggs wore injeoted with Ui nml of Oeal W

%Gi. 1LE of these wers inosulaied with 0.1 ml of & 0~%



o 1 od TRET T ST R L tole FTLialn (o
Eggs __OOISH Tilubed %o ation Titer Dilutign Infectivity

he Iffect on lemagglutination and Infectivity in Felessiow Cyenide
Trasted Nggs Infected with VYerying (nentities sf Inflvensa A Yirus

i




TABLE 6

Multiplication in Living and Dead Embryos Infected with Varying Quantities

of Influenze A Virus and Constant Amounts of Fotassium Cyanide

mL ECR  Inoculum Erbryos Hemagzlutination
0.05 ¥ 1 x 10 Number Status - Titers
0.1 Z 22 D 5120
2 L 2560
0.1 6 21 D 2560
3 L 2560
none 2 12 L 2560
none 2 12 L 5120

D = Dead L ¢ living Incubation time Lf hours



TABLE 7

lultiplication in BEmbryos Treated with 0.0L5 M Potassium Cyanide
and Varying Amounte of Influensa A Virus

mi KON Inoculum " Lwbryos Hemagglutination
0,045 M 1 x 10"  Number Status Titer

7 L 2560
none 2 6 L 2560
.1 6 L 4] nt

8 L 2560
none 6 6 L 5120
0.1 1 6 L 5120
1 8 2 D nt

H L 0
0.l g L D nt

2 L 0

nt = not tested D = Dead T = Living
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influenza A virus and 12 with a 10~6 dilusion. 5ix eggs
each received V.1 ml of a 10~7, 10-8, aud 10-% ailution
of virus. For ths 10=2 and 1U~P dilutions 6 eggs were
used for ench as controls., Vith lurger numbers ¢l eggs
than ia the previcus experiuenta the resulis were prao-
tiocally the same: neither consentrated or diiute virus
maltiplioation was inhibited. Tho absence of hunagglutine
ation in the 10=8 diluttah wa o suggestive of viral
inhibition, bu ths result was probably dae o the Ifeod
th&% khé end§§a13$ of tho sitratlon hed been resuhed at‘
10~7; sos Table 8 for example.

Sanmary

The sxperivents inoluded in this secition show that
sub-ipthal doses ol KOE do not, in eny way, retard the
in vivo maltipilontion of influcnsa A virus in chick cue
bryos. This feot holds true Lrrospeotive ol the concei-
tration of both NCH and viras. Jurthernore, ocontaot
betwaen XUH and virus from ¢ 50 2 howrs 4i¢ not result

in any in viteo lneosivation by She chewmioal.



TABLE 6

Multiplication of Influensa A Virus in Living and Dead
Cyamide Treated Egge

ml KCH  Inoculum Embryos Hemagglutination
005 1 x 10" Bumber Status : Ti'wr
0.1 2 ik ki O
1o L 5120
0.1 é 18 o 1280
9 L 5120
none 2 12 L 2560
none & 12 L 2560
none T 1z L 8o
nonhe 8 12 L 8]

D= Uead L z Llving Incubation time L7 hours



Hitrogen dusterds

Obsorvations that nitrogen nusterd (methyl bis
bohlorosthyl amine HUL) provented viral wsulsipliontion
by virtae of i%e wbilisty %0 cowbine with nucleic acide
prompted the ume oF this inhibitor in She lollowing sure
ies of oxperinmoenta.

Tab le 8 reprosents & counposiw of three soparate
axparinents; nlitrogen mustard was injeoted firsd, Jole
iowsd by U.il ml of & 1U~% influcngs virus. Ade.uste
controls were slao inoluded wsing various virus saline
pixtures alones The quantity of nitrogen mustard was veried
in anount and 1t wuay de ssenm Ifrow She Table that batween
Usel Bnd Ued mgs wug olose %o vhe BUF LD for ohisk cnubryos.
Ho homagglutination titers woere psrfermed on the wliandoic
fluids of embryos dylng velore 48 houres, &t which time
the expariment wae terminated. The RCA Siters of wwreated
augs was eyusl %0, or ocoasionally higher than, the cone
brolb.e

A suuskey of the data showe Shev the Timal hokagglubline

ation %iter ol povied alisabolc Jlulds was in av way dew

¢rensed by the presence of sub-lebthal conceniretions of

nitrogen vustard, provided the sunryo was sble o survive.
Additional experiments with the nustards wili be presonted
sabse wently and interpresation of Tindings is reserved {or

the discussions



TARLE 9

Resulte of Pooled Experiments with Varying Quantities of Kitrogen

Busterd in Influensa & Infected Embryos

Tumber mg Mitrogen Embryos Hemagzlutination
Epos Mustard Honber Status Titer
8 0.3 5 L £120
16 0.3 13 D at

3 L 5120
8 0.2 3 L 5120
1L a,2 8 D nt

6 L 2560
6 none é L 5120
1o none 0 L 1280
i) none 8 L 2560

D= Dead  Doset 0,1 ml 102 virus L = living
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Fluorvaoetuioe

To detormine the offs0t of mono sodiam Lluvroacctate
on loficense A viras sultl pricetion, a series of preline
inary experiments were ran, Table LU preBentas ¢ separate
experinents whioh have besa combined, The fluorcacetate
was injeoted first in varying dosos foliowsd by a iy=2
influenza A virus dilution in 0.1 ml amounts, Cogtrole
are incladed for esch of the Shree eiperinents.

in goneral there was no Suppression of viral multi-
plioat ion demenstrated, as messured by hemagglutination
titors of pooled allentols Tlalds. I% onu be seen hat
when smell nunsbers of eygs were usetd, the final titra-
tions veried widely and point to the nooeasity of adeguate
sized poois, Furthermore, ombryoes whioh survived 1l& hoars
(no% inoluded in Teble 10} alse conbalned coneidorable
guentities of virus.

Sinilar results woers obtained whon .l g ancunte of
Tluorvsoeinte wore tosved aguinst viras Giluted to 10«6,
it may also be noted in Table LL thel oven in dead eGEEs
viral naltiplisation ook plage almoss e nal to that of
the control embryve. The flustustions in KCA witer uuy
be due to shance oo olse to the smuil numbep el allanvoia
fluids per pools additionsl studies using Lluaoroacuestnte
will be prosented in the seation denling with Tinel expare

inente.



TABLE 10

Gomposite of Three Experiments Using Varying Doses

of Fluorcacetate Against Influenss A Virus

Thmber  Fluoroacetate Trbryos Remagglutination
g8 mg Mumber  Status Titer

2l 0.5 16 L 2560
2 0.5 1 L 1280
2 0.4 1 L 1280
2 0.3 1 L 1280
2 0,2 2 L 1280
3 0,2 3 L 2560
2 Gl a L 1280
3 0.1 3 L 2560
2 0.05 2 L 2560
3 0.02 3 L 2560
3 0,01 3 L 2560
3 - 3 L 640

2 - 2 L 840

8 8 L 2560

Dose ¢ 0,1 ml 1072 virus L w Living



TABLE IX

The Effect of Fluercacetate in Living and Dead Lubryos on the

Hultiplicstion of Influensa A Virus Using Pilute Inocula

Fluorcacetate Imbryos lested lemagglutination

mz fumber  Status Titer
O : 3 b 320
7 L 640
0.5 3 e 320
9 L 2560

b

none 12 640
D = Dead L = ldving Doses 0.1 ml 100 virus
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Sodiws Azide

While whe oxaot pethmniur of sediwn aside lubive
ition on ocertuin enuynss has besn incomplotely slucidebed
it haws, severthelvss, boud vsud exSonusively by nany A
vousignsors of vival maisipiiontions i%s olleed on
fnflvenus 4 visus malvipiicasion wus evaiusted ia the
foadoving suirias O caporitvinche

i a prelliminary ewapsriment sodium axide was Lnodus
leted slianioionlly into foar diiferens groaps of
eabiyod, aaing ¢ ogee for enoh dilubion. CQod »k of @&
W0~8 dadlusnge visus wee wen lnjeased. Six eggs wera
fuciuded Ior Whe vonitvule, A8 shown in Table 13, in ne
seue wab here evifunos of suppression of viral malgtie
plhicedion in living enbiyos. Farihorore, Yiras was
presont i she deid onbryos whioch vere teabod.

s Tebiec A e presented an experinent iu which
largor nusbers o oubryue wWore dused SogoSher wilh tore
diluve virabes &4 oyus wore Lraooulsied wikh V.26 nmg ol
sl lage azide and L8 etch with V.13 and U«00L0 ags Pow
spoctbively. This was Tollowed by & 107 aiiusion of
inflaense viras (Ovd ml) into wtob ogg end %0 ik 608w
brol enbryvss in addition 4 control ozgs onoh were

injooted wish 10~5 and 10~? dilations of virus.



TABLE 12
The Effect of Ineubation Time and Varying Amounts of Sodium
Azide on Influensma A Huliiplicetion in Chick Rmbryos

“Wa Azide Mbryos T incubation Hanagglutination
oy Humber Status in Hours Titer
0.65 5 D 20 0
i D 27 nt
0.L8 3 D 27 6l0
3 P hs 1280
0.32 5 D Ls 2560
‘ 1 4 LS b
0.16 5 L Le - 2560
none 6 L hs 5120

L « ILiving D = Dead ot = not tested



TABLE 13
Lifect of Sodium Azide in Varying Doses on the Hultiplication of
Influenza 4 Virus in Dilute Inocula in Infected Embryos

Ha Aslde Imoculum Enbryo Hemegglutin-  infective
mg 1x 10~ Mudber Status ation Titer ity Ix10-
D426 7 12 L 5120 7

0.13 7 1z L 1280 1
0.0013 1 12 L 1280 7
none 7 12 L 1280 nt
none g L L 2560 at
none 9 L 6Lo n%

D = Dead L & Living nb = not tested
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Surprisingly, as shown in Tabls 13, the embryos containe
ing the largest smount of azide had the highest titer

as determined by red ocell agglutination. Furthermore
all experimental egge gave positive infeotivity tests
at 10”7 ailution. OF passing interest was the apparent
multiplication of the 10™° control, a dilution at whieh
infectivity is usually lost,

Bxperiment 14 was a semi-duplication of the pre-
vious protoccl. In this case, however, the virus and
inhibitor were mixed together and immediately injected
in 0.2 ml amounts (0.1 ml of 10=7 virus and 0.1 ml of
azide in appropriate strength)., 61 eggs received 0.265
mgs of virus-azide mixbture and 43 living and & dead wers
removed at the end of 18 hours incubation., 24 eggs each
were inoculated with azide-virus mixtures o ntaining
0.12 and 0.0013 mgs respectively. 48 with the larger
dose, 12 egge of each were removed at the end of 18 hours
and the remaining embryos at the end of 36 hours. 12 eggs
eagh received 0.1 ml of LO"?. 10-8 ana 10°° dilutions of
influenza virus and were incubated at &7 C for the entire
&6 hours, Table 14 presents the above date and it is
apparent that in embryos living over 18 hours, viraus mual-

tiplication took place and that at the end of 36 hours



TABLE 1)
The Effect of Sodium Aside and Tnewbstion Time on the Multiplication of
Inflvenss Virug as leasmwred hy Hemagrlutdnstion and Infectivity Tests

Na Azide Inoculun Enbrye Incubation &RCA Infectivity

mg 1x 10~ lNunber Status in Hours Titer - 4 %:_:w"

g 0

0.265 7 33 L 18 2560 7

2 D 36 5120 7

21 L 36 lo2ho 7

0.13 7 12 L 18 2560 T

12 L 36 1020 7

0.0013 7 12 o 18 2560  §

iz L 36 10240 7

none 7 12 L 36 10240 7

none 3 12 L 36 102h0 7

none 9 12 L 36 io2ho ot

D = Dead L = Living nt = not tested
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virus was pressnt in both living and dead eggs. Although
no hemagglu%iné%ion was demonstrable in the & eggaldead
at the end of 18 hours incubation from 0,266 mgs of azide,
the virus, ﬁevarthslgaa, was present at a dilution of
lQ“a. This disarapandy gorroborates observatiouns made

by the investigators thatv infectiviity is more sensltive
indicator of the presence of virus than hemagglutination.

The rewaining embryos oontained virus to the maximal ti-

ter of 10°7.

sSummary ;
In dosee of sodiwn azide whioch permitted eumbryo

survival no inhibition of viral multiplication was noted
and, in addition, embryos which died within 18 hours did

show evidense of virus multiplieation by infectivity

tests even though hemegglutination tests were negative.
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Aminopterin

The relationship of foliec acid ¢ sulphonamide ae-
tion, as mentioned in previous disoussions, led %o the
gxamination of aminoptorin as a possible inhibitor of
influenza multipliocatlon by virtus of its ability to
antagonize the action of folie acid.

48 shown in Table 16, large numbers of embryonated
eggs ware used with smounts of aminopterin ranging from
0.6 mg %o 0.01 mg. Imbryoc death was varisble as the
protosol shows, but po inhibition of a 107 virus ince-
wlun was demonstrated. JFurither mminopiterin studies will
be presented in the section dealing with final experinents

as well as in the discussion,



TABLE 15

The Effect of Aminopterin on the Multiplication of Influenza A Virus
in Living Chick Exbryos

Ne.  Aminopterin ) Hemagglutin-
Epgs mg Rumber Status  ation Titer
18 0.5 15 L 6o
18 0.1 5 L 6L0
12 0,085 12 L 640
12 0.01 i1l L 1280
12 none 11 | ¥ 5L0
Dose: 1 x 10~7 virus
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Missellaneons Inhibitors
In the following composite of 8ix different prelime
inary types of experiments, influenze A and B viruses
were used as shown in Table 16. Influenza A was dlluted
t0 10"2 while influenza B was dliluted 10™° prior to ine

oculation. The inhibitor, in each case, was added first

followed by the virus and the egge were incubated only
24 hours. Pooled allantoie Tluids were tested fo¥ RCA

baut no infeotivity tests were done. With sodium thio-
glycollate, mercuric chloride and p-ohloromesrcuribenzoate

there was no dsmonstrable inmhibition of viral multipli-
eation. On the other hand, dithiobivret and thiofiavine
treated ombryos showed lower RCA titers gemerally than
the eontrols, but since sowme influenza B virus was found
it was felt there had beenr no suppression of growthe.
Similarly, oxine was shown %o be insffeotive by spot age-
glutination tests for the presence of the virus, only 1
tube belng used for each ssparate pool of allsntoic
fleids,

In summary, as with other previously mentionsd oome
pounds, the above chemicals showed no evideonce of inhibi-

tory astion sgainst influenza 4 or B viruses as neasarod

by preliminary %testing.



TABLE 16

The Effect of liscellaneous Inhibitors Against Influensa

Viruses ln Living Chick Embryos

Tose Idving A
Inhibitor mg Virus Dilution Embryos Titer
Sodium 3 A 102 2 2560
thiow I 2 2560
glycollate 3 2 2560
none 2 2560
Kereurie 0.1 A 10~2 3 320
chloride 0,01 3 1280
0.001 L 6lo
00,0001 k 160
none 8 6L0
p~chloro~ 1 A 10~2 12 2560
mercuri- Q.f;; 12 25@
remzoate
nene 6 2560
Dithio= 0,02 B 106 I 160
tiuret 0.0l k 320
none L &40
Thiow 0.0005 B 10~6 10 10
fizvine
none & 840
Oxine 0.5 B 10~6 3 .
Qal 3 £
0,08 3 +
0,01 3 *
0,005 3 *
none i +

Inhibitor added first + = 1 tube test
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Terramyoin

With the announsement of the releass of Terramycin,
a new anbibiotioe, it wes elaimed in preliminary reporis
that the compound gave promise as a therapoutice agent for
the treatnent of influenza virus infegtions., Terramyocin
was obtained and tested im two separate sxperiments with
influenza B. Propylene glycol (20%) was used as the dil-
uent, it being established previously that the awpount
used was not toxie $0 chiek embryos. Table 17 shows the
results of two separate experiments with influenzs B vir-
us: JIn the first experiment KCA titers were done with
the usual number of tubes, bubt in the second protocol only
l-tube spot agglutination tests were carried out. Gradu-
ally deseending doses from 0.5 to 0.0016 nmgs of Terramyein
were dissolved in 20% propylens glysol &and 0.1 ml injec-
ted allantoically into fertile egge Jjust previously inco-
ulated with 0.1 ml of a 10"® influenza B virus, which
alse was diluted in glyeel solution. The eggs were inou-
bated 24 hours. In the pools of allanbtols fluid from the
living oggs RCA titers were pogitivse., Any suppression of
virus multiplication which took place was, therefore, mine
imal {Table 17) and seriteinly not worthy of further trisl

at this time.



TABLE 17

The Effect of Terramycin on the Multiplication of Influensa B Virus

Ho. Terramycin Exbryo Hemay lutination
Eges ng Number Status Titer
L 0.5 3 L 160
k 0.25 2 L 80

7 0.125 é L *

2 0.062 2 L 80

T 0.062 7 L +

2 0.031 2 L 8o
0,031 7 L +

7 0.015 7 L +

7 0.0015 7 L +

6 none é L +

2 none 2 L *

Terranycin dlseolved in Prop, Glycol 20X
Influenza B control diluted in 20% Prop. Glycol
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A oritiovl review of the dave whioh Bad besn obhe
valned %o thie point led %o the formation of the Zoklowing
soncepts Ior tostling ishibitors s, ainst the ianlluenza
Viruases;

1. Froably passed virus {#« howrs previous %o
aaah wiperimont; woas wsed sinoe deoteriorsiion
sguars on atorage 1n the Uo0p Dok

Z¢ The use of dilute wiras was desizeble and
Trom AOU %o lUUU LD U weas scleoted us the
suwandard fsoouiums This asmount oould be obe
Sained by ﬁlkd%in& influsngae A to 10-7,
infisensza B s0 100, und injeoting Usl ule

Se An LD 50 of inbibiwr was ohessn in ordop
te be ceortain that a maxinal selsbolie elfead
was produded. To rale oul zoune olieota,
Covrensing quantities of inhibitor were ine
sinded 1la ssoh agporinenbs

4y Viras and inhibitor were mixed Sogether
sipnitnuoously 0 insare LAnt bosh reached
the same cells, Dilutions and injeastions
Wore taade as (uickiy ag posvivie %o obviate say

in viteeo effeobe
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B An insubation of #4 hours wue soleobed Lor
fnflaenza A because almost maximel infeotivisy
titers weros obdainabvdle at that %ime. Longer
periods of incubation night sallow the ewbryo
to detoxify the added inhibitor and would,
therefore, Bide any apparens o0 real oileut.
A8 infiueonze B has besn shown to grow less
readlly than A, 1% was nenessary %0 inorouse
the incubation %lme %0 30 hours.

OBy A minfmam pool of at least 8 choriocsilian-
tolo Tields was doslirable for Jinal Losting
winoe a swaller amount might give variable
resalts which would lead %o srronscus Lnterpre«
tatione

e For the infeotiviby titurae %he dilutionw
ased wore dependent upon the hoight of the RCA.
Usually & soreening type of test with G.l1 nl
of a 10"® 3 ér 16*7 4 virus was sufficlent to
prove thed virag had rogenveatod W maxinum.
Hinor differencead in and titoer were avoeided
ginoe Bajor response was Belng ssuvrched for
fan all or none phontwenon) and Shers were Lo
pany varisbles in siteallons %o sasay signif-

fennes Of iU=1lU000 Lold dilferuncoB.
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8. Onse a significant result was oblained then
detalled types of experiments would have Lo
be performed to elicit the meshaniem of aotion,
In order %0 %test the validity of the above concepis
tannic aoid was utilized. This agent had beon reported
by Green (158) as showing both in vitro and in vive in-
§1bitien of influenze A virus, The tannic aclid was
noubtralized to a pH of 7.2 and sterilized by autoclaving.
0«1 ml of solution, containing 1 mg of sodiam tannate
was mixed with dilute influenza A virus and injected ale
lantoically immediately therealter. In addition, 12
oggs were given tannate first, followed by virus, and
12 embryos were given virus first and then tannate. The

same procedure was followed for influenza B, Six eggs
were insluded for sach control.

Table 168 shows that irrespective of the order in
which the inhibitor and virus were inoculated into %he
embryos, hemagglutination was ébsan$ﬁin the allamtoio
pools oontaining the tannic acid. This observation %as
sonfirmed in experiment 19. Inhibition of influenza A
end B viruses by tannic acid was complebe as measured
by both hemagglutination and infestivity titers (see

Pable 19}, In facht, no virus at all could be found by



TABLE 10

The Effect on the Multiplication of Influensa A and B Viruses
by the Injection of Tamnie Acid in idving Embryos

e, Wa Tarmate Virus and Order Tubryo HGA

Epgs B2 Given No. Status Titer
12 1 A and T mixed 8 L 0
12 1 8, first 1 L 0
12 1 T, first 9 L 0

6 none A alene 5 L 2560
12 1 Eoand T mized 6 L 0
12 1 B, first 1L 0
12 1l T, first 11 L 8]

6 none B alone 6 L 320
A = Influenza A virus L » Inlluensa B virus

T = Sodium Tannate 2l hour ineubation



TABLE 19

The Effect of Tannic Acid on the Multiplication of Influensa A and B

Viruses as Measured by Hemagglutination end Infectivity Titers

o . Ve Tannate TCA Tnfectivity
Egze mg Virus Titer 1 x 10~

8 : | A o 0

8 none A 5120 T

a i B 4] 1§

8 none B 160 &

VIiris and inbitor mixed beiore injeciing

Total doss 0.2 ml, Inc. time 4O hours
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subeincoulntion of andiluted nilenteic Tiuld despite an
axtension of the incubation period % 48 hours. These
datn served to sonfirm Greea's fiadings tegueding bennio
Bold and esisv sstablishet the vallaity of She eiperinede
tal technic and means of mousuring ianbibition of viral
maltipiication. In all subse uwent siudies s sinllsr
{rinel typel Seochnic was the one utiliized.

dith sthe above counsepis in mind, expecicents with
luflnenze A and 3 virases were desighed with physostige
mine, ssincpierin, sodiwa szide, aitrogen wuelerd,
sodiun clirave, fluoressstude, Jd=acetyipyridine amd Maphe-
arsen as inhibitors. .uel parts of 10~Y influenze 4 or
108 3 wore mixed with inhibitor and injeoted sliantcics
ally, in v.Z wl swounte, us ulokly as possible %o ninie
mize in vitro sction. JInflaenzy 4 was inoubuted 24 bours
and influenza 3 56 houras Oniy pocled anliantoie Flulds
fron the living ombryoa wers used for RCA titers and
infeotivity tects wers perlorned the sune day, when poa~
#ibles pevicus $0 Lhis Silme ohiskon cells had baehn
used for RCA titers; however, in this soriee huwmun type
0 celis were used (s0¢ neshodaje

Table 20 prosunts the date in whioch physesiignine

wis tented apainet both virusen, In Table L1 the elTect



TABLE 20

The Effect of Physostigmine, in Varying Amounts, on the imltiplication

of Influenzs A and B Viruses

Wo. Physostigmine Embryos HCA  Infectivity
Eggs Virus mg Tested Titer Titer

2L A 0.5 22 6Lo 10~7

12 0.25 8 320 10~

12 0.0025 12 6Le 10-7

12 none 12 320 10~7

2l B 0eS 21 80 10~6

12 0.25 8 80 10~6

12 a;m 25 13 80 106

12 none 12 80 106




of altrogon sustard was deternined while i3 Tablie 22
iz listed Sho resalts ki%h wadiun asides Tablew 25,84,
&6 and 26 present the Gatn obtained with Ueavetyle
prridine, s0diun sitrats, aninopberin, Iluorcusatate roe
Bpectiveldy. 1% is apparent through Tebles eZ6 thad
while HCA $iters varied withk sither or both viruses,
Bexioun madtiplicotion vogurzed ne wensured by inluGe
bivivy titers. IV waas comoluded ShGad the lormusion of
inflgenze 4 and B viruses wes in no way infloensed by
the presence of varying coungentvrations of the shove
sngyne Inhkibitors,.

The experimental rosulis wish Mapharsen, bhowsver,
proved entively different in shat ichibivien of vieal
maltipiloation did cooure Thres doges werv used, U.g,
Guad Bad U001 mge ruspootively for both infloenxs a
and B vireses. As oun bo scen in Table 27, hemuggiutine
gtion was absent In enbryes given U.£ und V.l ng doses
of the deruge TFurther, whoen these pooled aliantole fiuide
were tosted for infeetivity following dilation o 1lu~-Y
or 0% virus wes not demoastrables The U.U0L ng dose
of Hopharsen, on the other hand, had noe such «Lfsot
A mimilar result wus oblbeined in 5 dupliicoste experimsat

not recorded hereins



TABLE 21

The Effect of Nitrogen Mustard on the Multiplication of

Influenza 4 and B Viruses

No. W trogen Must- Lmbryos HRCH Infectivity
Eggs Virus  ard mg Tested Titer Titer
2l A 0,2 1y 5120 10~T

12 0.1 12 5120 10-7

12 0,001 12 5120 10~7

12 none 12 5120 10~7

2l B 0.2 19 320 10~6

12 0.1 11 160 10~6

12 0,201 11 160 106

12 none n 160 106




IABLE 22

The Effect of Sodium Azide on the Multiplication

of Influenza A and B Viruses

o, Influensa Sodium Ag- Enmbryos HGL Infectivity

Eggs Virus ide mg Tested Titer Titer
2k A 0.26 19 2560 107
12 0.13 12 1280 107
12 0.0013 12 2560  10™7
12 none 12 2560 10~7
2l B 0.26 18 80 106
12 0.13 B 160 1076
12 0.0013 10 80 1076
12 none 7 IF's) 106




TABIE 23

The Effect of 3-Acetylpyridine on the Multiplication of

Influenza A and B Viruses

No. ™ Influensa J-acetylpyridiniec Lubryos WA — Tilectiiviiy

Egge  Vime mi¢rogramg Tested Titer Titer
2l A 600 2l 6o 10~7
12 300 12 6o 1077
12 3 B 60 10-7
12 none 12 640 10+7
2k B 600 2y 640 106
12 300 12 2560 10~
12 3 12 2560 106

12 none 12 2560 10~6




TABLE 2L

The Effect of Sodium Citrate on the Multiplication of
Influensa & and B Viruses

fo. Influenza Sodium Cit— Hmbryos  TLA Infectivity
Epgs Yirus rate me Tested Titer Titer

2l A 16,6 2l 80 107
12 8.3 12 80 10~7
12 0,083 12 80 10=7
12 none 12 o 107
2l B 16.6 2l 6o 1076
12 8.3 9 6o 106
12 0.083 12 6140 10~6

12 none 7 610 106




TABIE 25

The Effect of Aminopterin on the Multiplication

of Influenzgs & md B Viruges

Wo.  Influcnza Aminopterin Erbryos HRGL Infectivity

Eggs Virus mg Tested Titer Titer
2L A 0.25 16 610 10~7
32 0.125 12 320 107
12 0.00125 12 640 10~7
12 none 12 320 10~7
2l B 0.25 20 ko 10~6
12 0.125 12 80 10~6
12 0,00125 12 80 10~6

12 none 12 160 10~6




TABLE 26

The Effect of Fluoroacetate on the Multiplication
of Influenza A and B Viruses

Fe. Influenza Fluoroacei~ Lmbryos KCA Infectivity

Eggs  Virus ate mg Tested Titer  Titer
2l A 5 17 6o 10~7
12 2.8 10 6o 107
12 04025 12 1200 107
12 none 12 1280 107
2l B 5 16 1280 107
12 2.5 10 2560 1076
12 0.025 12 2560 100

12 none 12 2560 100




TABLE 27

The Effect of Mapharsen on the Multiplication

of Influenga & and B Viruses

Voo —Influenze Wapharsen Bnbryos IOk Thlectivity

Eres Virus ng Tested Titer Titer
2k A 0.2 16 0 107 ¢
12 0.1 10 0 10~7 0
12 0,001 12 2560 1077 «
12 none 12 2c60 1077 «
2l B 0.2 16 0 106 0
r 0.1 1 0 1076 o
12 0,001 1 640 1076 +

12 none 12 6L0 1076 «
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Having established in a preliminary manner that
Mapharsen would inhibit the influenza viruses, it was
thonght of interest to determine the smsllost smount
of the ocompound whioch would give sonsistent resulis.
Table 28 shows results in whioch varying doses of laph-
arsen, from 0.06 to 0.015 mgs, were used. Influenza
B virus RCA was completely inhibited in all of the above
doses, &8 was influenza A with $the excepbtion of the 0.02
g dose in which virus was presens

In an attenpt to narvow the dosage s8till more, 6
egge each were injected with amounts of ifapharsen
varying from 0.05 to 0,085 mgs for both viruses. RCA
titers were again used as a rough index of the presence
of viras., Tavle 29 presents the results of the above

experiment, Influenza B virus RCA titer was effestively

inhiblited dowmn %o and including the 0,016 mg dosage,

However influenza A was ianhibited only down %o and in-
eluding the 0.02 mg dosage. For a time it was thought

that influenze B was, therefore, slightly more suscep-

tible to Maphasrsen than A virus. Subsequent experimentation

showed that this was merely & variation which sould be

expected when working in narrowed ranges of dosage.



The Effect of Varying Amounts of Maphsrsen on the Multiplication

of Influenza 4 and B Viruses

Feo. Hapharsen Influensa Hemagglutination

Eggs mg Virus Titer
6 0,05 A 0
& 0,025 0
6 0.02 +
& G.015 - 0
& none d
6 0,05 B 0
& 0.025 0
6 0.02 0
6 0,015 o
6 _Dhone 7 +




TABLE 29
The Effect of Hapharsen on the Mnltiplication

¢ Influense A snd B Viruses

Wo.  Wapharsen Influensa Hemagglubine
Eeos mg Virus ation Titer
& 0.05 A -
6 0.028 R
6 0.02 -
6 0.018 -
6 0,01 +
& 0.005 ‘ *
é 0.0025 »
6 0.05 B -
6 0.025 -
6 0,02 -
6 0,015 -
6 0,01 +
& 0,008 +
6 0.002% +
none A +

é none B *
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Presented in Teble 30 is a similar type experiment
%o the above to whioch, in sddition, infectivity tests
were done. Dosages of Japhsrsen as low as 0.25 effectiv-
ely suppressed heragglutination with both influenza A
and B virus. Inhibition of influsnza B was econfirmed
by infectivity tests, but influenza A, despite abssnce
of agglutination, in effective doase was stlill infective
ap to 0.76 mg domes of lapharsen, a%t whioh point infec-
tivity correlated with the absence of red cell agglutina-
tion.

A8 shown in the above expeoriments, the viruses
were always used in 10*® or 10~7 ailutions. How & con=
stant awount of Mapharsen (0,08 mg) was mixed with varying
dilutions of Influenzs B virus and injected sllantoigw-
ally; only undiluted pooled allantoie fluids were used
in infeectivity tests. Table 31 shows that RCA titers
were inhibited dowm %e and iﬁﬁl&ﬁiﬂﬁllﬁ"% dilutions, as
was infeetivity. A similar experiment, not iucluded,
wag {one with influenga A4 with the same resulis.

In all previous experiments the virus had besn mix-
el with the Mepharsen and then injected., In the following

studien attenpts wers nade to demonstrate an in vive

effest by injecting virue first and Mapharsen later.



TABLE 30

The Effect of Varying Amounts of Mepharsen on Influense A and ¥ Virus
Multiplication as Eeasured by Hemegglutination and Infectivity Tests

Wo.  Influensa Urpharven Wmbryes NCA  Inleetivity
Epgs  Viras O,l md ng Tested Titer Titer
2l A o2 17 0 100 -
12 % 11 0 w0 =
a .07 7 o 100 =
8 0050 6 0 W
8 | 0,025 7 o 100 *
8 0001 6 w2le  wT*
B none 6 w2 w*
2k B 0.2 18 0 109 -
12 0.1 12 0 W -
] 0,07 8 0 100 -
8 0080 8 o w -
8 0.025 8 0 100 ~
8 4001 B 320 1w *

o none T ého 3076 *




TABLE 31

The Effect of Constant Amounts of Mapharsen on Varying
Bilutions of Influemsa A Virus

Wo.  Uapharsen Inoculum Hemegglutin-  infectivity
Eggs me iz O~ ation Titer Titer

8 0.03 7 0 0

6 0.03 & 0 0

& 0,03 5 o o

6 0.03 L o 0

6 0.03 3 2560 +

6 0,03 2 2560 ot

6 none 7 2560 nt
T = not tested
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The @uta in Table 33 show that insroduotion of she visus
prior %0 the Mapharson resulss in & complete lose of she
inhiditory effeot of the drug, shus ingionting that the
inastivetion was purely an in vitro one. This axporinent
WES repoated using both oysteine and Bile It s spparent
frow She data that no im vivo sotivity could be shown snd
in nddition that 58 groups wese fnvolved in vitpo by

She abllity of aystolne W roverss such inhibision, dhen
8llghtly greater anounts of Mupharsen (V.05 mgs) wers uged,
ne in vivo lnhibition sculd bo demonsirated cithor as
shown 1n Pablss 59 and Jd. Furshervore, sinoe Mnphersen
supposelly lnactivates M groups she attonpt was wmade %0
reagiivate the vims by adding oyusteine. This was “oGOR~
plished as shown in Teble 35 in which & positive apos
hemagglusination tent was obhtainsd.

A% thle Siuwe the rosults were 1rru¢nlar and unralle
sble probably due to differentiation of the dupharaen
which had boon used without & stabilismers Tiee 4id not
perndl further evaluation of thesa Lindings but their
aiguiriﬁaﬂaa will be remsrved for the disouseion.

Table 4B glves dets on the attompt Lo luhibit in
vive $he multipliontion of influcnze virases by the use
of anothar argoniosl, sodium arsenamifs, I arsenanide

wng given before or after virus ne diffevende could be



TABLE 32

Reversal of Mepharsen Effect on Influensa & and ¥ Viruses by Cysteine

flo, lepharsen Virus and Urder Lemaggiutine
Eggs ng Given ation Titer
[ 0.03 A first +
6 0,03 A mixeds “
6 0.03 £ mixed a
6 none A e
6 €.03 8 firet s
é 0,03 B mixeds +
6 0.03 E ﬁixs:i o
& none B +

# = ¢ysteine added



TAELE 33

The In Vivo Effect of lMapharsen on Influenzz A and B Viruses

Wo.  Hapharsen Influenza Hemagglutin—

Ezgs  0.05 mg Virus _ ation Titer
12 Before virus A 5120

12 After virns A 5120

6‘ ifixed A 0

6 none & 5120

6 Before virus B 160

6 After virus B 640

6 1Hxed B o

6 none B 6140




TABLE 34

The In Vive Effect of Mapharsen on Influensa A Virug Multiplication

Wo.  lapharsen Time After llemagglubine

Eggs ng Virus ation Titer
6 0405 1 hour +
6 0.05 2 hours *
6 0.08 2l hours *
] 0.05 mixed -
7 none R %




TABLE 235

The In Vive Effect of Arsenswide on the Multiplication

of Infivenza A and B Viruses

o, Arsenmide Infinenza Hemagplutine
Bops 0.1 mg Virus ation Titer
12 Given Cirst A 5120

12 Eiiven after & 5120

6 Control A 5120

6 Given first B 320

6 Given after B 320

6 Control B 320
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noted and tliters of red cell agglutinuiion were as high

as the controls ia both A and B Vipuges .
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Discussion

The hypothesis which stimulated this sindy is based
upon the prevalent notion that virpses are synthesized
within the sytoplasm by & process which involves the ubile

ization of extra and intracellular enzymes. Therefore,
interference with an essential reaction would be refleated

by & sorresponding dsorease in yirus gontent of the chorio-
allantoic fluid. This hypothesis has been subjected to

experimental tests by weans of the mathods previously
oublined. |

Chiok embryo teshniques have been selected for in
vivo studies besause of the following factors:

1. The chigk embryo presents an integrated
physiologic unit whieh under geriain conditlons
may detoxify harmful substanges, nsutralize
exdessively aeid or alkaline compounds, oF
bypass certain substances.

2. The ease of manipulation, roady aoocess o
matorial snd relative immunity %o baocterial
anf viral contamination make the embryo par-
tioularly desirable as a teat sysien.

The ability of the intast egg to detoxify gartain
sompounds does not negate the use of this method for
there 4is a physiologlesl limit %o adaptability and
sinee compounds are introduced in excess in a cloged

system they must remain tuere for the duration of the

experiment. This does not infer that the above e thod
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i8 idwal or that o ochemloal which mey be acebive in the
shiok smbeyo will renaln so ian obher animals, as, for
instanse, in mios. But 1f & cepiain chain of enzyns Preage
tlons ie found responsible for the mulsiplication of
viruses in the ehick embrye, the data nmay bs leogleally
extended to atadies using other hosis.

The ause of tissuae culture, as a4 laboratory sool,
has been deliberatsly avolded since 1% represents an are
tifleial systom which is not necessarily physiologlosl.
Furthermore, slight ohanges in pH or tenperature and
baeterial voptamination might produse non-spocifie inhi-
bition ol wviral nultiplication. However, in fulure
experimentation, She method vould be enployed es & sup~
plenentary oae for focussing alttention on sertulin enzyne
By sbons. |

i% La apparent that diffusion ol compounds Shirough

sell membranss repressnts oane of Sthe najor assunpiions
of the experimental pruue&ure whioh was adopied., By its
vory notare this problenm renains sonewhat unresclvabls.
Cne wust sasuws that, under vseriain conditions, th&uin
tors are able %o dlifuse through iLiving nembranecs sné
further that they will d4ifluse equelly with the viras to

susceptible cwlls: Tertainly the ability of any compound
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to produoce denth iu the embeyo nitests % L1ts eflect on
vital %ellss Whether shis lavelves najor asreas of virus
maltipiloction cuanot be eluckdated st the womentd, but
would be subleat o exjerimental a)proash.

i% is slse ssswwd thut the mode of actlon ol &

partioulse inhibitor whioh has been elusidailed by ex-

perimonie with basteris, masele-steips, ilver, eta.
may, by anslegy, be trunsferred t0 intsot chlek enbryo
88 well, OSuch an assunpiion 1s logisul siuge single-
ealled orgenioms have mush in couwon with nulli-gelliular
ones ol gise in net su iundex ol non-suscepbility %o
known metabolic ianhibitors, The ay eavent abiiity of
some selis % bLypuss cesrtain metabolie requirenments,
under @tress, is8 lLikewise appreciated.

The ideal sontroel of inhibilor wmotlon, Tinaliy,
shouié be purely chemipal fn natares if penbrunes sule-

Jested to drasile freatuent were mnalysed by sarburg
teohniques, the poresntage of ishiditlies of any eneyme

aculd bo determined. Bubt even sush Righly refined methods
are not wthout ifunhorent errorass 4 blologliesl approsoh

4% this stage is desireble but will re ulre sventual

gonli mation by meuns of (arburg teoshaiquos.
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The data obtained thus far will be interpreted very
broadly in an offort to portvay their general signiflicance

t0 the problem of wiral multiplicatlen and also %o stim-

ulate interesat in 2 purely chemiocal sapproach.
Potassiom eyanide has long been used as an enzyme ine

hibitor sinae Warburg's publigations in 1923, His work

enforced the belief that eslliular resplration was due
entirely to the reaction between molscular oxygen and a
eomplex intrasellular compound, and he sonsluded ¢ .ot all
these respiratory enzymes were oyanide sensitive (240,241),
Bxperiments by other workers (242) have shown tuat inhi-
bition by oyenide is not complebs and that roughly two
thirds of the respiratory astivity is managed by oyaunide
sensitive enzymes, the remaining ones not bsing effecated.
The flavoproteins, which contalin riboflavin as an essen-

tial component, are the eyanide resistant enzymes of the

(243)

resplratory system. Keilin has shown that the in-

trace llualer iron porphyrin  roteins known &8 eytochrome &,

b, and ¢ are characterized by their ability to undergo
reversible oxidation and reduction. I% was further deme
onatrated that & fourth component existed, salled

eytoohrome oxidase(244) whioh cetalyzes the oxidation
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of the oysochromes by moledular oxygene utrlefs (&8
comuonts that the lattor enuyme ls probably fdentiond
with Varburg'e oyanide sensitive ayston, Thers 45 a
rough parslielism betweon the reuplratory sofiivivy of
aeroblo vells and the doneeatration of oytoohrome and

gy tuohrons vxideses Cysnide inhibiss the action of oyilow
oheome oxidasge, but thore 8 good avidence that the
aybochromes themselves are oysnide rosistany (¥4D),

Anong others Geief? and Pinkerton (™Y pave observed
that eyanide favore the growih of rliakevisiss bosaase it
fleoreases She resplratory ratke of She embryos Unilike
viruzes, the rickeiislae zoprodass bosi in slowly growing
tissuen. Maitland and lang (*%®) wepriking with vacoinia
found that incubdstion of minoed sissus at 37 ¢ for & days
dustroyod Lits ability to support growth of vascinla virus.
They would show no corrslation betwosn the amoand of
tiseue resplration and his lablle faotor evem though
potassium oyanide in M/I00 conventrations sbolished the
growsh-inisiating proparty of the ualnoubuted wedis. The
aathors 4id not estublish dofinitely, but suggested that
$he oyanide senslitive system and the Llabile faotor night
be identical., i0 ihie result fe sabotentleted, 1t woeuld

indionts that aytoohroms oxidase 18 sn osuentisl angyme
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Tor the multipllestion of vaveinis virus. The faliure of
KUH, on %he obther hand, to luhidis influensze viras maliie
piicntion poinds to %wo sltornatives: (1) oyunide is
sithor not able o penstrate alli sells in Inhiblsing ssouuts
or (Z) the needad euergy is wuppiled by oyanide inscusitive
ByaLlonst,

Concerning the Tiret allormative, there is & direct
redutionsbip between pi{ and diffesibllivy of wmsmbrapes and,
in goneral, ewnbsbancee having the properties of weak ucids
ponietrats only in the undissoveinted Torm (247, Lyanide
has o pik of 9.14 and is 93] undissoclatoeld. 4 rovent pube
iieation by konkin (%%} pny shown that phosphate wptake
s markedly inhibited ia $he exoised mussul #lii when
trented with ayanide. Thus, there is pregented svidenos
that oyanide doss wffeotively ponetrate ovells and inhibiv
phosphate upteke. LI, by spalogy, $he choriosilantole
gwlls are alleotud similarly then aytcohrome oxidsss Quie
net be considered as sssential for influenze virus neilile
plivation. |

ihe overnll produsiion ploturs of energy Lo the lpeb's
oOyalie 1l shown by the Yorumule: vounsyme 1 - fievoproteine
aytochrome @ « ayloohrons oxidase - Up ® HpO ¢ high shergy

phosphates. A the experiments in shis shady show, oven
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gmbeyos dying of ayanide Insozlsation conitained high cone
gentrations of virus whieh is further ovidenoe Shal oyboe
shrome oxidage is not & Koy onuymes lhether or sob She
flaveprovoine oru Turnish caough snergy Ior influcnze virus
suitiplication has no%, a8 yet, been delormioed.

supron ot al (#4%) 1u un extensive giudy of the olleet
6f unitrogen mastard (wethyl bis Bechloroethyl amine hydroe
shloride) on tisancs and enuynmes have noted Whe siriking
roponblange beiweon onoe 0 e Rltrogen nuslards and choelline.
Xitrogen pusiard was siown 0 inbibis choline activily und
thiceulfaute was able 30 reverse sush Inhibiticn. Toypio-
phege, tyroaine, oynteline and histidine had no preveniive
efinots agobylicholine eusberase in alse inhibvited by
sitrogen pustard. L% hes alse bows s8ated that in alise
iine solution the mustards rexet strongly with Ol graupc.
bat Cori doos not support thais conlention. 4 pursial
inhibition in the metabolism ol ilnorganic pyrophoasphate,
phosphoosrestine and the enzymes phoephokinase and hwiow
kintse was alse demonstruted by Cord. in tissue weteboliss
stuties (549 pyruvate oxidation has bLusn shown W be lp-
Bibited by aitrogen musterd, Two SH snzyies wWure also
affected, hesokinase and phonpbokinasss These anzynes
are Yery sasaepiible $0 pitrogsa wasterd but in vive

condirantion of this elfe v hae not been vbdtuined,
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Pinaliy, apounts o inhibitor too small o Sasolivate any
systens have boen Found to produse lunldupcntal shapges in
mitotio sotivisy (200},  oho nasterd gasos conbiic redds
ily with alii subslanges rioh in nucledio acld (¥81), Saong
shase are logladed She nualeoprotelns, Lhe PUAGNOCLIGLE
sepangforming princivle {reiatively pure DH4), and a
nusber of viruses including basSeriopnages. Lhe foliows
ing viruses arc susceptible %o in vitre Llnasiivation by
nitrogen nustards: .., rebles, hoy cholera, Hewsastle,
fuline pnoumonisia, rabbit papliloma, tobacoo nokaic
and several phage spoecliod,

Deupibs the Fuet thet alftrogen pustard wes guite Soxia
foir the doveloping vhiox enbryo, 1% had no suporessive
gffent on the multipiloation of influenze 4 and 3 virvaes
as pongured In both living mmd dead enbryoes. 1% ia, Shepo-
fore, bYelioved that choline, moatylohceline sstorase and
pyeuvate ars not essentinl in the metabolism ol inlluonzs
virug under $he conditions of these uvxperinentd.

The Tinding shat ZABA is un essontial gonstistueni of
folie acid suggestod the possibility of using 4-nnine
pteroyl glutenio sold a8 a viral imnibitor, whlle Zolile
acid svems V0 be oconcernsd with The syanthesis ol vertain

prrinidines and reiafed compounds its status is incoupleteldy
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wprked ou¥. Karnofsky et sl (262) have noted the use of
analoguss of folle acid as producing & stunting in chick
embryos together with a decrease in the vaseular network
of the choricallantoic membranc. They tend "to favor the
more general ilnter retation that the 4-amino foliec aaidé
interfere with the growth of tissues -- thoss growing the
most rapidly being the nost effected”™., The thesis that
it interferes with the growth of gertaelin tissues, in a
highly specific manner, remains to be proved.

Dinning and cGoworkers have shown (264) that the livers
of monkeys given aninopterin were develd o. oholine oxid-
ase activity while catalase activity was nmormal., williams
and Llvehjem €2533 have inhibited guanine metabolism in
rat livers with Felio scid and Hhe oxldation of xanthine
oxidage is _wrevented by follio asid, but if folle seid and
xanthine oxidase are together sowe ouddation of the folie
acld appears to ogour.

Studies om the metabolism of folis asid have shown
that rat liver slices form from PGA s substance ubilized
for growth by Leuccnostoo cityaﬁarum, often referred to
a8 the citrovorum factor (CFj. Farther, it was debere
mined that redaclng substances, sush as ascorbis asid,
stimulated the forietiun of CF, both from synthetie PGA
and Irom compounds pressnt in normel rat liver. Aminop-

terin is one of the most pJotent analogues of G4 known
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but the inhibitlon is not competitive and the further
addition of PGA reverses such inhibition inefficiently.
In contradistincetion, the transformation of PG4 to CF
not only prevents the toxicity of aminopterin bub is itsell
a biologioally active derivative of PGA. Presumably am-
inopterin competes with CF for combination with an apoenzyme
or enzyme with whioh (F normally rescts. IV has also
been demonstrated that amincpterin competes direetly with
CF (255). If eminoptorin treated chick embryos are injec~
ted with thymine, hypoxanthine, foliec acid, or vitamin B
12 the antagonism of aminopterin is net relleved. However,
thymidine partially counteruacts auinopterin antagonism
but & combination with hypoxanthine-desoxyriboside is more

effeotive (géﬁja

The asbove duta again indieate that the
anti-folic acid acbivity of aminopterin is not sompetit-
ive but rather represcuts non-dissociated combination
with an enzyme or apoenzyme. It is olear from the above

that the role of PGA in metabolism is poorly understood
except for Hhe faect that i% may be consldered an ossen-
tial growth fastor. Apparently PGA, Oor sone component
thereof, may not be essential for the multiplieation of
influenza viruses since its snbtugonist aninopierin failed

$0 inhibit viral growth in chick eubryos.
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Sodium fluocrcadetate is o highly spyeciric protepias-
wie peoisen, ite extreme toxivity dbeing Lurther atiested
t0 by the fagt that between b - 7.5 mge paer kilogran of
bedy wolght represente an Lbgg for the M. rhesus monkey.
Chiock ambryos Were relatively more resistvent, reguiring
& mgs to produce an approxluate LlpQ.

Bartlett and Bagrow 55573, in 1947, had shown ine
terferonce in vitro and Ia vivo with the oxidasion of
avetic and pyravic soids. Busfa and Peters (998), in
later studles, hﬁv& mthrVaa that fluoroscetate's partic-
ular action is centered apaaifiaally argund the utilisza-
tion of citrate In the eitric asid oyole. Cliric asid
ascunulates in the tlssues of Tluoromcoiate treatsd ani-
mels, They conclufied that elither sconltase or isouviiris
dohydrogenase was inhiblied. Marther, they were able W0
show that the toxlolity of fluorossetate was not due %o &
binding of osalciug ions by $he scouwsulatsed citric soid.

One moleculs of vhe snergy producing compound
adenosinetriphosphate {(ATP) is formed in the degradation
of citric to°t~ketoglutario acid, In surm «keboglutarie
acid when dooarvogylated to fom. sacoinie goes through
8 gmaller sycle ending ws oxalacetis agid, in whioh

theree molevules of ATF sre Jorwed. Theoretlosally,
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eortaiz andne selds may be transformed inte glubamic soid
whioch in turn i85 changed %ﬁ%L*xwzugkatariq seid by a
precoss of wangeminetion. Ib is apparent then thet in
Pheory theso anino eelde savn as srginine, prollne, ete.
are ubles %o bhypaes citris acid and jield less ATP than
had Shey gone Shrough the complets ayoles

When Tluoroagetate 18 ased aconitans is blooked,
whioh allowg alirate %0 acounsulade beonuse of failoare of
Buooestive pbope in metaboiism W funobion snd whieh uore
molly is8 ohanged $0°LMSulaﬁlﬁt&rlﬂ soids ere this the
only nesns oI energy belng formell he organiusm would iue
mediately dle, but, sa shown 8bowe, Wnine &oids may take
ap Shis "alack® by bypesaing the blogk with o corrospon-
ding reduction in Yhe ATP formed.

Fiwopoasetate was sompletely ineileotive in inhibiting
influosnss vires maitipiiontion in sither living or embryoe
dying 18 hours after injestlons A prioesl, this allows the
interprotution that acoaitame does not Zunetion in fulliveuza
virae maltipiioations The provivasly reported faots
thav oyanlde and sxzide, which are able o inhibit the whole
ireb's asgoele, fall %o ocumpleteldy inbiblt iaflasnca viras

maitiyliention intinates that the awmount ol snergy noeded
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for viral multiplioation is, indeed, smull. The reaults
with Llavrcacetate further support this theslis in a loss
drasatic manner, slnce only limited interierende in the
snergy aycls OOOUPH.

Liko oyuanide, scdius eszide hae been shown o inhibit
oxldation of oytochroms oxidnse (£09:, azide is ulso &
powerful innibitor of asrobie and anaercbis metabelism and
has been shown %o provent enzyme syntheais (260), It is
able to prevant Sthe scoumulntion and foruution of organio
phosphate bonds in carbohydrate wedabolism. Vinelly, the
inosovporation of Gl4 inbelod glyoine 1nte in%estinal
tissue protein is prevented by szide (461} which would
presappose, among other wechanisms, laterierence with difle
Tusablility of weino asids or inac sivation oF snnyies
necessary ia poptide synthesia.

It is conoeivable, them, that azide sxerss ivs ol
£a0t% withor at the oell surlsvse or by diflusing Shrough
the nembrane wand discusding ensiyme syathesis, or Ly
dagtroying oytochreme oxidage Sogether wilh cersain ane
sorobis pathweys ol metabolisum. Uith regard W dilfusion
jonkin (248} hug shown that sxlde exists ila = highly
dissoointed form snd, unlike eytnide, penciratus the mohe

branes of nussels very poorly.
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in She expurinents presented; svdiae ugide was
totally insile tive in preventing the vaisiplicstion
of infiuenze A and B viruses deapite the facet that the
conpound oxsrts s speclilio astion on oybochroie oxidase,
as wall aw othor motabolio processes of vitel signilie-
gance Lo the gell. The data support the uysalde experw
iments in exoluding sytochrone oxiduse &3 casvential
for the mulsipiiontsion of infiucnss viruses. The faed that
sodliun a&zide s only poorly diffusable Shrough the sell
wall say be oflered as evidence shut She experimental dasa
were aonplaetely ilnwsnlid . Sush an objestion vould be
countared by the demonstration shat virus was capable of
maximel multipliocation even in eobryos dying svon &fley
receiving the druge. OSince doath was attributable ¢ the
sodiwn nzide, 1t nmast b assaned Shat the coupound 4id
ponatrsts oells in toxio guans$isios.

I the stractare ol nlvoiinio seid is ohanged by ru-
plueing the ourboxyl group with a wethyi ketone, an
anklogae of alootinds aedd is fomed, d-duelylpyricine.
This coupound i highly offective in producing nlootinie
6214 deflclencles in mlice snd dogs. Although i%8 antie
nicotinie sotion is demongtrable sgalnst baoteris, cere

tuin swraing are sompietely resissenti®®<l, ne fuss
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that S~-acetylpyridine may be reaaﬁerad from non-susceptible
troated microorganismsg rules out any theory of degtruation
of the compound in vivoe. There secis little doubt that
the antimeiabolite ponetrates the selis. It is possible
that "uninmals have funotions for nicotinic acid whieh
nieroorg nisng laok and with which d-acetylpyridine in-
terferas oy that specifie proteins with which nicotinic
a0id rescts in animals uiffer sulficleutly from similarly
reactive urotuins in bacteria, so that the wnalogue will
no longsr gombine with chem % (263).

The eurrent idea for some tiune, that vitaming wers
only accessory substances, is no longer tenable with %re
demongtration that certuain enzymes form with SHhese vit-
amins essential cowpounds neoessary for metabollsn,
Hicotinio acid is one ol Thesse vitamins. L1t has been
shown to be an essential part of cosnzymes I and Il.

It has also begn denonstrated that the injeciion of

600 microgramsg of J-acetylpyridine into the yolk sae

of 4 day old owbryonated eggs is lothal in 44 heuraiaéﬁ}.
The same (osege was used in tue influenza ex.eriments,
but no deaths were vronduced in the vubryos. It is
reasonable to sappose that, oven in these oldor embryos,

deaths eould be producsd upon _rolonged incubation.
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There was no demonstrable effect on influenzs virus
multiplieation with either the 4 or B sirains. Though
indireotly related, any effect the analogue had would
be reforable to the energy oycle again through the uod-
iation of éa@nmymes I and [i. This is conslidered as con~
firuation of previous obssrvuiions that the energy cyole
plays no direct role im influenza virus multiplication.

The following miseellaneous inhibitors were employed
for the reacons stased below:

The fact thet ohloramphenicol has been shown $o0 ine
hibit liver esterasse (62) and to pousess experimental and
alinieal effectiveness «gainst some of the larger viruses
led to the use of physostigmine whileh is one of nany of
the esterase inhibitors (26%); 8ince ohloramphenicol ig
devoid of any activity sguinst influenza viruses, 1% %&g
not expocted to find that physeostigmine wss any more ef-
fegtive. It is also hoped thai this phase of the problum

will be investiguted with other viruses.

et .al (1gx) nave used exoefS-

Among others Cutting
sive smounts of wetabolite in an utbewpt to inhibit
ghain resctions in the netabolic stream. <odium citrate,

also in excessive amounts, was used for this purpose in
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the hope of demonstrating some inhibitory action against
influcnza. The compound wag also included becauss it is
gaid t0 combine with culceiwm aund nugnesium lons. Ho
deathe were rsoorded in the treated embryos although
slighily larger doses did yroduce 100% mortality. INev-
ertheless, doses of citrate as high as 16 mgs resulted
in no visible inhibition of the influenza vicusgs.

In preliminary experiments me.curic shioride and
pemarearibenzoaste, both well known SH inhibitors, were
shown to possess no in vitro action aguinsit influenza
viruses and reference o the significance of this will
be rosarved for later discussion. In addition thio-
flavine and oxine (8-hydroxyguinoline} ware shown in-
effective in su pressing viral multiplication. The
former compound was used bocause ol reported sucoesses
with other fluvine compounds in virus imhihitian, and
the latter drug was caosen because of its ablility %o
romove certain metals from solation by a process of
chelation., Thioglyeollate may be used as a reducing
agont and also inhiblts cytochroue 6, but was not toxie
for the embryos in the awmounts used, nor was any viral

su§yresaian noted.
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ivmenoxids or Maphtvsen waa originally iluvestigated

by chrilebh buf prosvunged %06 toxdo Sor clicloel ukeg
the high therepeutic efficlensy of She drug met deling
approsiateds Like mout sarsonionls its alialeal ¢I{ide
foncy is corscluted wish 4%s ability o neatralisze SH
groups {ﬂéﬁ;. ordon amd Canstel {206} have oalled
attention %o $ha work of ether luvoestligators who have shown:
taat the toxic sstion of arsenoxide 18 due W6 condunaation
with shiol groups present in oytopluswn, leading %o
a dyafanction oF the systom reguladlng oell reaplirationg
that avgenie conpounds are oanpable oF soniining with sonpe
ounds containing thiel groups {suoh as thioglyeocllate);
and, lastly, itbat the toxulelisy of organmio arsonic sompounds
gan be reduced by adding thicl conpounds saoh a8 oyshelne,
glastathione, otd«e ‘GBB%el el al (866) nave demonetrated
that susocinie Gehydrogsnass, shellne dehydrogenass and
pyruvic axidage ape greatly inhiblied by Mapharsens Ulucose
and lastate oxidation sayve dupressed probubly dus %0 Dlook-

ing of She respiratory chain at the prruvic onwyiv ulnges
Liver satsroses woro inkibited bud the resulds waere nod
dofinite while inversass, aytoshrome oxidsnge and oulalasy

wars anallieotol,
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veres and Ziime (9¥97) were able % inactivete 2ufliue
onza virus by incabating the vires width bleobloride of
meyoury Tor ¢ howes Upon injeution oi thie mixture in
animnle or ohiok embryes, with previously or simalianscaBly
adninistered BAL { & hlghly eiflolent UH compoand), She
virag wag reastivated.

The proporties of pnauaaniu vigus of nige have
been shown o ke elfented by the fnsctivation of UE
groups by Volkers and Horsfall {08, Burney and Uolub (269
using various SH inhibitors have boen able W Lmnotivete
peittecosis virus {(by cas hour ineabavion wisth drug)
and resctivate by adding glatalhione % the ipncubaled
mixsure aad injeating i% into chick eubryos. However,
virus wae not inhibitsed by the suns procadares in Vissue
saldaress If chiock ombryos are incowlated with poliviucesis
viras four hours after the addition of SHeinhibiting
scmpounds no sifesd wes dewonstrables Tho nuthore are
eritlieal of this method, belleving that Bnilomm dise
trivution of insoulwe is unserinin and shat IV 1@ 4lidiould
o onploy an effeotive virastatie vonoentratlion and at
the swme tine aveld toxis effeot %6 Shoe hosd.

Using She seme sooehniques, a8 discusasd previcusly
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Mapharsen was shown t0 inactivate both influenza A and
B viruses and that this inactivetion was practically in -
stantansous. Further study established the eficetive
range of Mupharsen a&s related to the strength of the in=-
oeulum. There was an cccasional variabllity as shown in
Pable £9, but ﬁanar&l&y results were duplicated at will.
Further exsumination demonstrated that this was not an
in vivo inactivation but rather &m in vitro one which was
reversible by treatment with adequate amounts of oysteine,
pointing, then, to SH groups as being involved., The lr-
regular results with BAL, in experiments not insluded,
ware explained by the dsterioration of the .lapharsen
which was saygliad withous. bulfer or _resgervative. Un=-
fortunately, a fresh supply of .lupharsen was auebtainable
at the time, and clarification of this discrepancy nmust
awalt farther situdy. aAdditional @rebiama}inalu&e more
intriscate experiments designed to rﬁie out & non-spec=-
ifie effeot due to acidity alone, and experiments ailowing
more intimate gontact of the drug Qi%h virug for 4 hour
prior to injeotion and incubation,

The in vivo failure of Jdapharapn to inagtivate

influenza virus is perplexing. Uneven distribution of

inoeulwi, &8 pointed out by Burney et al {z&g}’ poor
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diffusion through Geili nenbranes, the pregence ol snsiiy
agoesible SH groups other thas Yhe viraue are ali fagtors
whioh may expisin the roesuli. Jrtii foture ssady oan
rulo oud dnese favtors ous by obe, it ls sssumed thas
Uapharsen is insotivated by vell provein SH groups belore
1% has had sn epportwility %o coubine with ifnfluencza viprus,
mton ot al (187) wwrs able %W seoure good inhibvition
ef she pelitacosia-lymphogranaloms group with sodium e
gsentride in ehlior embryos, bad with migs $he resulss were
not &8 cleny or pronounceds, When aprssutside, an SH lo-
bibitor, wae used agulnat influenza virus iu ohick evbryos
av La vive elfle s sould be dawﬁnﬁtraauﬁ whioh correlates
wish the dats using lephareen, merouric chlopride and e
nersariben.onie, +hille %he in vitro inhibition by laphe
arasen is of interomt, the duin &2 o whole lidicate thet
in wivo deptructlon of I inhiblitors dows not interfere
with influenza viras mulidplication.
Terpumyoin, like oSher snwibiosios, was shown %0 be
wishoat allsod on influshns #Lruu»in senwpadistination
%0 eariler olalms of ofher Luvestliguituores Up w0 Yhis
Pime nmo furibe? studise bave beon publiished subslonliating

tholer sarlier preliolaary clalog of elfeotivencen.
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ixperimental work has borne out Green's (168)
findings on the efficasy of tannic acid, Unfortunately,
the specific mode of action of %unnie acid is unknown
although Green states 1t is classed as a general enzyme
inhibitor aund protein recipitativg agent, Its actual
inhib iting focus is a matter for Turther investigation,
Hevertheless, tannic acid is able not only to inhibit
further influenza multiplication but i% virusidsl, as
found in the experimental work, This is, indeed, inter-
esting &g previously discussed antibiotios have never
been shown t0 kill viruses, but only %o possess a viru-
statie action, Further siudy of tannic acid ls define
itely indicated. |

An attempt has been mede in this discussion to in-
dicate the direction of ome phass of researdh in the
fleld of wviral multiplication. One might inguire, then,
Just how do the data fit with present theories of virus
formation as summarized below:

l. Viruses possess all_th@ enzymes necessary for
netabolie purposes and also ior the synthesis of new
protein within the host gell. This concept, which would
olags them, like basoteria, as uubonomous parasites, is

generally rejectud,
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Be 1% 18 bolloved By some thet viruscs sontein oniy
those ensymas nesessiry for reprodusiive purposus and
that the host sell conteibutes the moteboilo envircinsnte

3. & fow individuals consider that virusss 4o not
peagesa aneymes 5% all bab rather that %hoy reproduse by
dirceting the Tormation ol now protein from cnzymes fl=
ready prosspt in the boate

ALl of these aonoepts Lmply What in sone mannsy,
theoagh shnaymes; new viras protein ds Yormed in & steps
wige synthesio process iavolving the conetrustiva ¢F
ierper and iarger wiits whioh Tinaliy eberge #e mature
viras, dome of the dubtn wnich Bave been pressabed may
be interprsated se luvoring Lhe synthesis idesm. Thus,
shicramphenidol, by interdering with BB Yo PAE0 aotivivy,
appusyrs %0 inhibit the reproduotive capscity of virases,
rickatteine, and o wide wirlsly of basteria as well,
Sach a Linding, 17 weue, would imply a step~wise roproe
Gustive proass 20wmmon To all three groups of paregites,
seloetive inhibitioen plags o rele teo, a3 ia the same of
rioketsalal sgents wiere fhe subsbisuiion 01 & sailonas
mide group in pisce ofF & sarhosy radicie iy the asume
p&aitiaﬂ‘am the henzens ring rovepeges thy moiion oI Bhe

druge Data of thie type supgest & soprplex and varlsble
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reproductive system or olse & sugondary effect on the
primary pathway. The results using eunzyme inhibltors
and metabollio untegonists are notd in agreement with the
soncept of svep-wise synthesis of virus protein from
smaller unite within the eell environment%, 1% is dif-
ficult $0 visuallze o complebe irvwnity of the infected
goll toward such drastic interierence with motabolie
Pro¢esses as wes imposed by the exjerimenial cenditions
sdopted. The resulte could be criticized on the grounds
thet all cells were not equally affected or that uthe
chemiocsls did not penetbrate into ths reglom whers the
virus was being formed, Zven if suoh reasoning were
correet, at least a partial deorease in virus titer
should have occourred and this was not evident from the
data which were obteined. In the ease¢ of influenza
viruses one is tempted $o rejeet the unit synthesis
theory as anlikely and to consider another alternative;
namely, thut influenza viras protein is formed by cone
verslon from mature o6e¢li protein, & prooess whic& would
involve nluimal evxpenditure of energy und relatively
few enzywes. Dome evidence in favor of such a hypo-
thesis ouan be obtained From the electron uioroseope,
ifrom studies of chemieal sinilacities und differences
between virue wud cell protein, as well as from the

use of expsriments of the type described hsrein.
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in these studies partloular atlsation has besn fooe
uded on iahibitors aflecting the energy yilelding prooessss
of the sell such as oysnide, azide, Lfiworcaceiate, J-scetyle
pyridine and sodiam aitrate. ALL of the date suggost
that the energy oyole is probubly not dirsetly voncerned
with lnflaensa virus Jormetion exoept as tue yileld is
inflaenced by osll viabllity. IV remains t0 bo seen 1f
othor virases ars similarly unalieoted before any delinite
eonclusions oan be drawn. In any event, an elusidation
of the nechanism of viral multiplicuation will require &
chemical sppreach %o the problem and an intinate knowe

lofize of the mechanism of protein synthesis.
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SUGLARY
1+ A group of metabolic inhibitors was soleaded whien
had boen ahéwn by other iavestigators 1o lometivete
seriulin Buyme Hystold.

Ze The approximnte LDy dose of inhivitors fop ahiaek

subryos has voon ssiablished.

' B.  Their offeat on ithe malsiolliostion of infliuenuzn A

and B viruses whs Sestef. The followlng were Sotally
inelfeative: oyanide, sodiun axide, Tluoroacelata, B

nae Sy ipyridine, smineyterin, alwrogen susburd, physce
shigmine, scdiws eibrade, wercurie ohlioride, thlelluvine,
pesnprounribonsonte, oxlue, tnioglyccilate, arsensnide and
Tapramyeln.

4. A8 demonstrabed by Oroan, ths sbilily of Saaulo

soid to fasesivate infiaenze virus was ooafirued.

Bs Mapharsen wes shown 0 Posseas an in vitro neTivity

nguinst inflcenza i and 5 virases,

6. Comsenta on ths possible aignifiocanve of these

obgervations in relusion %o viral metabolisom have been

discuaget.
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