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IIROsICTION

The suecess of chemotherapeutic ngents in the treatrment of tacterw
iol) dipesces hag otimalated an intensive seceveb for druge to control
virel infectionp, Although the g jority of sueh Lnvestipations have
mm}m in negntive findinge, o number of conpounds have oither shoum
therspeutis promice, or have incrensed our wundevelanding of mechaniobs
of virel mdtiplieation,

I & theeis comploted in 1950, Nooty(l) malertock an investigs-
tion of the effects of varieus metelolie Inhibvitors on the multiplice-
tion of the influenze vires in tie chick enliye, Mo technicque comsis-
ted of injooting o 100 4o 20°7 didutien of virus, and a eullothal dose
of irhititor inde the allantede cavily of wlyyoneted egut. Afbor the
eggs vare inoubated foe 24 te 40 howrs, the ellantofe fluids vere bape
vepted, and the smourt of vires contained wne detersined bty bepagolu-
timntion and infoctivity titers. In order ¢0 test the walddity of hie
emperimental method, Hooty utilised tarmie scid, which hed previcusly
beon desonotrated by Creen(?) to imbitst viel mitiplieation, The
dogree of inhibition proved to be ao striking thel it seemed desirable
thet taramic sofd be inweetipeted Sr move detedl, The results of the
study constitule the basis for this thesia,



CHIMISTRY OF TANNIC ACID

Ternie sedd 12 & gpllotanrdn obdained from he nmutgell, In the
erude form, 4t 4o & oomplex moleende, consisting of multiple digalleyl
reddends in cembimnilon with pluscss, slonp with imgnrities and vericue
degredation products(é), Fisener(5) considered the orude tamnin to be
a pentedigellaylerlocoside (I}, More recontly, Nierenstein(®) bas ree
cardod the stmecture a8 o polydipgelleylelenvodipelliie ncid anhydride.

I, Focherts farmuls for tannde seld.

Clupose is lost during the purificetion of tarnie acid, ce that
the puver the speoimen, the higher the vontent of dipnllie acld, lew
enuse of steucturel instebility, even the puve fegm eontains a complox
edwbure of ergenic compounds, It should be moted that tannio sell Is
roadily oxidised in alkaline solution, In the present study, tennde secid
solutione were alkeliinized with ValH, and 1% ean be assuped that addl-
tivnal profuets were injectod ints the egos, Uhip asswplion ves sup-
ported in part by the cboervation that these noutreliged volutions Yurme
ed dork upon standing,

Attention wes turned, thewrofore, to simpler conmpounds eteucturelly
roluted to Sannic aeld, These inclnded dignllde ewoid (11}, pallfe seid
(371}, pyrogallel (1¥), end gentisic mcid (V).
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Iin the rresent study, o veriety of erude tanninc were tested for
ability o inhibit virsl multipliecntion, The rajority of thepe tanning
ere slaceified es phickotannins, structurally distinet frem tannie aecid,
tat poseesoing a sindler ablility te precipitete proteins, They are
theaght to be phonclls hydrowr derivetdves of flavpdracel (1v){4),
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Vi, Flavpinesel

In Telle 1 is recerded the predotinant type of tammin contained in the
speclnens ubtilized in the present amw’g).



TABLE 1

Predesdrant Termdne of Specimens
ftadied in Present Investigetion

m:zxmm s = MQW_
Tannic seld lerek - Hengrove mfh
letpall tanndn Velonis powler
Cheatont tannin® Vattle tannin
Hyrebolan tapnin Pemloolk tannin
Powdered sures leaf Quetrache tarndn

® Spall erwunt of Fhlobotamnin alne prosent,



Studies of the vired inhibitery propertics of querceddn (VII)
hove boen smadel7si0s21), Thie cempount 4o stmcturally relsted to the
Plavrirecols,
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fne other group of tannine, the ellagltennins, should be mention-
ed, The compesition of this group bas not yet been well Mt&hﬁﬂm(ﬁg
bt they are believed to be derdved from & gluecoside of ellnglie acid
{vizi).

o
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VIIT. Ellagle sedd.

Of the temmine stodied, welonis pouder, myrobolan, end chestnut termin
are emoidered to contain peme ellagitannin(%s6), |

The caffetarmine are not protein precipitants(4)y and their ef-
feots op viral tmltiplisation hnve not boon investigatod.



TIRAL IIITTTONY EXTERIMEDS WITH TANNING AND RETATED COMPOUNDE

in 2934, Oliteky ard Cox'i?) demonctreted that tornie meid fnotilie
ed intraneselly in niee wes able to prevent infoction with the wirveen
of poliomyelitis and eqmuine encephalomyelitdis suboequontly adminfistered
by tho ocame route, They ‘o owed the effeot of the tennie aoldd wae %o
niter the mueceptildlity of the mmsal wmcoss to infection rather than
ddrectly on the virue itoelf. This obsorvation arcused consideralle ine
tereet in the poselille intrarsssl use of tarmiec scid end other sotring«
ente such es alwil), as prophylecties sgainet the poliompelitis virus,
It s mow roalised, however, that the portal of entey for the pwiiomye-
1itde virue is not through the respiratory trect, hud rether theough the
gestro~intostinel tracti}4), It o of fnterest te note thet miltiplice-
tlon of Thialér’u viras in the gaotro~intesiinnl tmmet of nice io sup-
presged by crel edvinfstration of mercuriel eompounds i),

In 1948, Green(2) otserved ot neutralised tennie acid in eoncen
tratdone of 5 to 20 parra per sl would fohidit the hereagolutinating tro~
perties of the PRC influense vizus, o furtbher found that vhen 1 mg of
neutmlised tennic aeld vas injected allartedeally up te & houve preceds
ing, or 1 houwr following incculation of frem 10 o 100 ID/S0 dones of
P8 virus, hemsppludining vere sboent from fludds harvested after 48
heours of incubetion, In the como paper; (recn otated that 48 tennde
aeld end concantsnted virus wore mixed for 15 rdnutes, o reduction of
vire) infectivity diters by st least 3 Jopn would result,

In & luter papers Oreen(3) deverdbed the 4xhiditien of the multle
plicetion of the FPRB virup in chick etibryos ly o veriety of alecholls
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edracts fron ten, Yo attamle wove rade So deternine the ehotdonl con-
pasition of thear axtimets, tut e sssured them to bo termins, These
axteaeto vese insfTective i piven Inte the yulk epe,

vewe vecently, Chamtetdl gf o130 rercrbed thet & meder of plamt
molpuete vould fehitdt the mltipilestion of influense & virup snd the
tectertopiere of JEondopeins Jmuumnes. In both inetarges the inMil e
tian by thess cxtyemats wma lost whan viml susporalons were prepuved
in sutriont troth or in o lsetate vedive contalning 102 serun, Vhan
of festive extrecta veve proclrlfeted by lend eootate or rhesaseme, e
eeparnatents 414 not 1mbALit vivel mltirllcation. Cyude tnnmine tooted
in o ofisllsr vemner yielded the came vosulte, Frem this dete, Chantedll
2k gl concluded that the offoctive plant wtrecis weswe tennine,

cutting g pa(?), otuited the entivize) netivitdes of o wide vori-
oty of flavencld and related compounde in mioe, They found that the
orel sdninistretion of loth querectin and quereltrdn vas prophyisctis
agninst voties viroh incculeted intvecorcbrally 4 doye later, Vhen the
setion of these dregn on other virunes vso stuited10), 1t wno found
that quereltrin act anldy prevented infection with the ectroralis virme,
tut that 4% also depreooed maltiplicetion vhen giver after injection of
the virmw, The cavounds stodied were Z:effective sgeinst the influpnss
A and the X Colundia vimuses, in prelininary studies mede in this lab-
oretory; quarcetin was not denenstreted to 1nbAlit Influense virus Pl
tplientian in the ohdek emteye(3l),



EXPERDIERTAL

Intreduction

The muitiplicotion of the Influeras & vitus 4n the evleyonnted
egg bas Loen intensively Lmweotipeted(17138,29) thece stwites Inclested
thot, when vime is intreduced into the al'antoie envity, the greater
part 4o adoorled Ly the ocolls of the chorionllentoie mosdlmere, The union
is yopid, reot of the virus being takon up iy the cells within o fow
mimtes. Actusd mibipllention ovcurs within these cells, end after
8 peried of € to 10 hours, during vhdeh $ime virue ic mot detecteble
elther in or cubside the pembrane, large spounte are 1ibeoreded into the
allentode fluid., Trom this oite, edditlenal celle in the merdowmne ave
infected, and the eyele is repoated,
| {n the Laets of this lmevledge, the cboervation by Green(®) that
tasnie neld exerted o dmosatic dnhilitlon of multipdication 4n giwo, o6
well se dectroying virue in wllpn, mised the guestion of tho relnticne~
ship of there two functicona,

Soveral possiltilities presented themselves oy explanetions, low
canee of the wide wariety of impuritics covtaired 4n tarmie seld spoge
imeng, ﬂ somed quite possible that ip yive ishivdtien remuited from
these conpounds, independent of the i xiire Smactivation ly tersie scid,
A geoond possibdlity uss that the rombrenss vere eltered by tannie seid
in'-mn% & maner that virel mltiplicetion wer ryewented, & final ox~
planstion wes that tannie aeld destroyed virus ltbereted inte the 2llnre
tole cevity during the course of imfoctiom,

The ppesent otudy wee dirccted towesds nr Arvestication of these



conolderstions, In genersl, the tcohnique deverited by resty(l) wes
follewed and nodifiestions vere intreduced when nocesoery, The umunl
procedure connisted of incculsting tannie neld mlleptolenlly sl vasye
ing intervals before snd after sdrdnietration of inflvenss virwe by the
seme route, After inoubntion nt I79C for 24 to 48 houre, sumples of
ellsntode £luid vere remownd, and wirel content Jetermined by heregrive
tmtdon o infectivity titere, Titmtione o each wardnlle vere detore
mined on pocled semples frev 6 - € egge.

In the in yitpo experiments, esipounds vere riwed uith equal vole
mnes of aprroprinte viml dilutions, and 0,2 nl anounts of these nive
tures wore injected Limedistely inte egre, In the fn vive experinents,
Sutibitors vere adndnistered 30 minmites alter infectien, in order te
ellov ouffletent tine for virus Yo pencbrete tw choricallantole memizene.

In the eerly eporimente, virel Inkdbition by & veriety of comw
puunde related to tennic seld wes studieds The fimal experinents underw
took the Live itdon of Dactors influmncing viral inhidition Ly tannie
neid,



Fatorials
fiesss )
Fertile hen ogre, © %o 12 days old, were obtained froem
local batochery end the sane source of mupply was used thycughout the
course of the investigation. Ilggs were candled irmedistely before use,

and dead and donbsful ogre vere disearded. Iges vere kept in an inoue
totor ab 379C except when removed for experimental purposes,

g

Influenge & {FBB) virue ves ottained cxdginally frem Dr, 7.
Francig Jrey Amn Artor, Hichigen. It weo maintained ot & high infortive
ity by frequent aliantele passage of (.3 ml velumes of 3076 dilutien,
Egpo contalning seed wiyus wers ireubated 48 hours tefowe harvesting.
Tetwoen passogo, virue was stored for not over 24 houre ot 790, Stock
virug vas placed in senled glase ampules and wame stored in o CO, chest
st «73%,

Zennde pedd

For the mojority of erperiments, erck reapert grade tannie
acid wee uned, Other wardetios incinded, Merek ternde acid Lloffy, end
Fallirekrodd tannie agld U.0.P, 2111, The speeimens of erude tarndn
vere domated by Parleedavis Coppeny. Ccolutions were prepared by welghe
ing arpropriste ameunte in 50 »l Frlenceyer floshs snd diasolving in not
more than 25 »l tep water, After otanding fer 2 to 4 hours ot roum tempe
erature, preparetions were noutrelised to pHf 7.2 %o 7.4 with 1IN NeH,
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The volume wno thon Drowght to 50 »l. In Hosty's experiments, these
solutions were sterilised by sutoclsving fer 10 nimutes at 15 Yte,
presoure. lecaune this resulied in s drop of o' to & %o 5, tho formee
tion of & trownlch precipitete, amd a darkening of the solutisn, rropar-
ations uved in the present study vere sterilised by filtretion through
Seits pedo, | “

Sxeedal ssndretine noedles

Bopecinlly designed aspireting needles, wedified from e
deseription by Green and Preymann(®), were utilised 4n some ewpori-
nente for cerially removing samples from individual groups of egro.
The instruments vere prepered fvm 1 4 dnsh 20 gouge hypodermic necdles
by outting off the tips and catting 4 heles along the sides with an
sloctrieally rotated eutting dise, The hales vere spaced altermntely
on opposite eldes, 2 mm aperrty the firet hele being 2 mm fres the tip,
After holes vore inserted, & short bevel was graumd om to the end of
eoch needle.

Bed eall szclutipetion matericia

Tve Gypes of eolln were used, DBuren type O blood vas
removed aseptically firom & volunteer end ctored in a sterile tube at
T peior to use, Dlocd for chicken colls vas withidrsun from the wing
voin of & chicken, with a 10 »l syringe and 22 genge noofle that bad
firet been rinsed 3n 108 heparin, Chicken tleod wns sbtored at 79C in
sterdle 30 mi tubes which contained 5 m) of Alsever's solutien, Cells
coxtld be sstisfactorily peeserved by thie methed for 2 W 4 weeks,



bk §
Both shicken snd human cells vere veshed 3 times in 0,85% saline
prlor do use, At each wmohing, cell suepenafens were ventrifuged for 3
winutes at 2000 R,P.0. The type D celle wore diluted to o 0,750 ovapen~
oion and 4n the osee of the chicken eells, & 0,257 susponalon wms used.
Saline wos prepmred with dfetilled wnter, becsuse it vas noted
thot Portlend tap wnter contained nomeapecific hesmprhutimins, Frosh
soline was prepared esch week. Foy the type O celle, o 14100 dilution
of wabtdd seyon imactiveted nt $60C was erployed. I¢ wne stored at-790
end wvos thoved Just prior to uso,
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Yathode
A1l egr maxipuintiems wore performed under & bood, in e ficld which
had first beern sterilised Iy ultraviclet light, Aseptic tecknmique wes
used for inceulations end vemovel of specivens.

mm

&% %o eight egre were utilised for cech wariable studied,

Pefore injection, the tope of the egre wore sterilised by wiping with

cotton sonked dn P08 alechel, 4 hole wves them drilled in the shell of

each ege over the alr sso. Inceulations were mode by Inserting needlon
o the ub vith the point directed toverd the conter of the egn. Jepare
ete tuboroulin syringes and 1 § imeh 23 genge noedles were esployed for
vires ond tannde scld adeindotration., The inceuls consisted of 0.1 md

smounts containdng apprepeiste concentrations, In poet Inotances tammie
acld wne given 30 niputes after vime, Folledny or belween injectiona,
e opgrs vere pealed with melted pavaffie and were replaved in the incu-
tator,

lorveetian

In the carly experiments, the egge were chilled from 1 ¢
to 2 hours et 7°C prior to harvesting, They vere thon storiliced in
the hood, and the tops removed with pointed curved fevveps, 2 nl som-
ples of allantefe {luid vere removed frem each egy with 10 ol ayringes,
neing 20 geuge 1 inch needles, Individml sarplee of ench werialldo vere
pooled for titmtione, In labter evperizents the spociel aspdreting
needles alveady deseribed vere used, an! semplos resoved without ppioe
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chilling., After removing the seals from the epge, the eholls vere stepe
ilised with slechol, end the needle wae pently inserted with the polint
direetod toumpd the center of the egg. Fy slow eaplretien with s X0 nd
syringe, 0.2 sl aliguots vere removed from esch egg and the individusl
camples pooled. The shells were then reseeled with melted pernffin and
ages reploced in the Sneubstor, Iy this nethod; § to 6 seriel semples
cenld be remeved firem the seme groupe of eges,

107 membeane artynets were prepered by a technique doseribed hy
ter1e2®), The menbranes vere ramoved frem the egrv, ond vere washed
3 tdmee in tuffered suline,” After the final washing, the tiseues were
blotted dry; velghed, and pleced in ahdlled Ynring "londors, Sufficlent
boffered saline was added to make & 107 suspension. Tissues were then
emloified for 3 nlmtes, Fofore howoplutinmetion titretione, suopen-
sions vere clarified by contrifugntion ot 2000 RPN, for 20 pisuten.

ded ldeod soll egrdufdnotic

%o potheds vere esmloyed, Vhen human typs 0 eelln were

used, 0,2 £l of undiluted allantele £1uid ves placed in 0,8 nl of 0,858
soline in o Hebn tabe, Cerlsl twoefold dilutions vere thenm made in tubes
containing 0,5 nl of saline, and 0.5 nl wee discarded frem the last tube,
& comtrol tube containing saline tut no virue ves included with cach
titrndion. To onch tube wes added 0,5 ml of 3% insctiwdod rablbit serum,
followed bty 0.1 ml of 0,75% lmmn type O pells,

Tamen type O eells were dlsenrded $n favor of chicken cells for
w0 resooner 1) end point wes not clesrly defined by this method and
* Bquel parts 0,85% saline and phospbate tuffer at pil 7.2,
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ofton conviated of & gradient of 2 to 3 tubes 2) Yme for complete nole
tling of tho oolle varied Ly 2 to 3 boups,

The ehieken cell technique vas sinilar to the humen type © cell
rethed emoept that no ebbit sorom vap used and 0,5 ml of & 0288
suspension way used, After titeations were verformed, the tubes werve
sheken, and after standing st Poc temperaturs for 2 § hours (or untdl
butten in covtrel tube wne elearly defined), the vresults were read,

Seadine repulia

The control tubes vithout vires showed a mml! pocked ness
of colis with shorply defined odpes in the bottonm of the tube, Io tubes
considered poaitive to presenve of virus, the ved Llood eells anpeared
o be ¢gwnly sprend over the bottom of the tube, Thoe endpoint ves cpne
sidered to te the highest Allntion &% vhich no tendenoy %o tutton o
ring Pormotion cocurred(22),

Lnfectiviiy tiders

These vere made Yy serlally diluting allantede fludds in
storile saline in umito of 30, A separsie pipetée wes ueed for soch
transfler, and the contents were thereughly sheken befere pasoege to the
poxt tube, 0.1 nl amounts of Allutions vere Injected into J %o 4 egme.
After inculation for 48 hours, the cllantole £Iuid was darvested and a
3 tube hamgolutinetien taot wer M on pooled camples frem each d4lue
tion. Titers vere exprossed as the higheot dilution of the orictimal
allantede fluid vhich formed hemeggliutdnine upen passsge, Uhes £t was
desired to express the infeotivity more accurntely, ogre from oach
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dilotion vere individunlly tested for hemeg-lutinetion, and the 50% fne
foctdous dose (ID/90) was caleulnted accoriing to the metded of food
ﬂmfm.



VIBAL DIEIBITION BY CONPOUNDS REIATED T0 TANNIC ACID

Hooty(1) demenetoated thnt 1 mg of noutealised and sutoclaved toane
sie aeld wvonld Snbidt the multiplicetion of & 3077 diiutdon of the IRE
strein of fnfluemse A virss, Mo found, as Creen{?) 44, thet regardless
of vhethor tonnate wee given to egre fires, miwed with virus and injeot-
6, or introduced follouing invenlation of virs, no virus could beo dome
onstented 4n trented eggs by edther hamspplutipation or infectivity tocts
after 24 hours of incubtation, De eloo danonstreted o sisdlay inhibition
for the los atrein of Influense § viruws,

The fivet pert of this prosent investigation undertook to study
the inhitition of the TAS virus by eompounds related %o tennic seid,
It vas eerly observed that autoolaving, es perfommed by Creen, resulted
in precipitete formation end & drop in pll of the tomnic seid, Tfecsuse
of this undesiveble cherdeal change, preperations wero sterdlised by
filtmtlen through fefts peds, In erder to compere the in givp Inbibi.
tion of tammete sterilised by these 2 methods, %he experibent precsonted
in Tolde 2 wes deaigned, Duplicate solutione vere prepared frem 3 pgrades
of tarmie acid and aftor noutvelisetion with 1 B HelH, half of the preop=
aretions vere sterilised by Plitering snd the other Malf by sutoelaving,
Ul nl enounte contadning varying dilutions of those mrepsreiions, vere
then injocted allantuieslly 30 mimutes after the sduinistreticm of 0,1
sl of o 10" dflution of FNS virus, Allsntole Fiodd ves hervested after
48 hours of incutetion, amd tio presence or choence of virus wns deter
mined ty § tube hemagplutimation tests, As can be soen from the table,
asutoolaved and (1ltered tanmate posaens e similer degreo of sbility te



Tanue 2

Compordson of In Yive Viral Inkidition
by Autoclaved e Flltered Tamated

S “Tose  Ved Cell Apgiwtinstion
mmate ngAutocdaved — TFiltered
Reagent Orede iMerck 1.0 ] o
0,75 * +
0.5 * *
Fluffy Werek 1.0 ) 0
075 o 0
0.5 * 0
USP XIIT Mallinclwodt 1.0 0 0
0.7 » @
Gal » *
Contyrol . @

& esbryos used for esch variable,
Virae dilution .
Incubation tims LI hours,
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provent viel saltiplisetien, Therafere, oxenounds teuted duping e
course of the present irvestipetion vere sterilized by fiitsstion,

In cedor %o deterei-e which Prection of tesmie seid fvhitited the
Influenze virus ip ziygs relsted ceppeumds, incinddng dipellie, llte,
yyregelile, and pontislc sedds, vere Sostod, In these experiments, varye
fne doses of $he campounde wore injected 30 mimtes after adminlobation
of 10" 40 107 virmw, Teue vere cantled after 24 and 47 doure Incule
tien, and fludde vere removed frer the livimg entevee Yy the aspiraiien
tectnique deserdbed enrlier, Uemeprlotimation titere vere then deter=
nine? on potled ssrplea,

Table 3 32 & swemsry of 2 experivents in vhich the In xiwg frdhibie
tion iy neutenlised dipeilic and tanmie scdd was eompesred, Inhildtiom
I the 2 oompounds wne sipdiar in ench experiment, In both emperiments
dosaged 80 Jow as 0425 pg prevemtod or morkedly reduced homegplutinetion
$Aters detersdned after 24 boore of inculation, In the seeond ouperinent,
irhldtion vee oot after 4P houre insubaticn with deses of #2e componnds
below 0475 g,

The in gigm dohitdtdon by yprogellife seld van cotparod with that
of tarnfe acid in the esporiment chewm in Tolle 4, Ao may te toen fren
the teble, pyregallie seid 1n o dowege of 2,5 ng, the arproxinate 508
letinl dose fur adeyes, preveuted thw srpearence of virus, cven after
AR boups of imcudstion, ¥ith u dove of 1 ng, » murked surprescion of
Lecogpintination Siter van ottaised pfter 24 heurs, This depresoion
won Jeo: ovident aftor 48 houre, Titers fyon esbryes trested with 0,8
g 354 not vary froe the condpele, It moy be moted, that teonde neld
in desagos of 1,0 and 0.5 we, conplotely prevented apposrance of hepe



TARLE 3

Senperdison afggM'mﬂ Inhibitdon
by ldgallic and Tenxoc Acgid

o
]
0 2560
0.2 - - ) 1230
Tannio sedd 1.0 0 e 0 0
0.78 0 0 0 0
0.50 o 0 ¢ 5N
0.25 e 8 W 20
Conbrol - %o w20 o 5

6 enbwyos used Loy sach verisble.
Virag ¢ilution 1070,

sheaiprocal of the highest dilution giviag mexisel hemagglubinatiom
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Comparisen of In Vive Vimal Inidbition

A S

Yy Prrogallic and Tannde Acid

Tews  Deaths Wk Wtar

Gorpound 33 L8 fre 2L Hra L8 Hre
Fyrogallio mcid 10 é at n%
s 6 " nt

2.5 3 o 0

1.0 ] W 1200

0.5 o wakn ko

Tannde soid 1.0 0 0 1280
0.5 0 0 2560

Conterol - o 2o 10210

6 mibryos vsed for essh verdable,
Hrue dlution 10%0,

atl ® oot tested.
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ag lutining after 4 bours of inculetion, Iy he end of 49 houmn,
hovewsry titers vore only alightly lewer than the conteels, lectuce
tters Dror contyol ogee Yed reeched o masdiue olowetion bty 24 heurey
3% wso bolleved Shat the Indtial fweoulun of virus say have boen highes
then 4n e previcus exroritent snd that o Ivorensed dooe wes respon-
sihle forr the Joso of surrression, 'uperirants Pavine & more ddreet
beertng on $hio polnt will te posented later,

Tobde 5 shove the results of an exverdment f& which virel infdlde
t4on Y oollic and tennde nold ves coopered, In this ¢sperdnent, e
nllie seld 4id met complotely divoclve, snd fer purpose of’ comparisen,
di3atiens vere cxprocced o the dests of the oripinel welght, As cen
be sosn frem the desths Tecended, toxie lewels of gallle scid vere obe
tadnod, end with 2,5 nge, the arrvescdmste SOF lotinl dewss, » roderete
fohitdtion of mitiplication van noted, Vith a 1 my desey titeves A
ot differ sppeeeistly frem o contrele, Completo supprecoien of virue
won dbedned vith 2 ng of tennde neld,

In Suble 6 1o chows & compurioon of the in yimp AeddMition by
tnnnde and gentisic sedds, lo fnbiuition of virus wew noted For rentinde
sold oven vith dosen ao hgh as 30 oge. In 2 sgee 4o vhich o lothed
dose of 20 ngs wee edmindsterod, only pardiil supprodcden of viren wes
obtalned,

Thoso experivonts demomstrated tiet the digallte acid cenpenont
wo the moot effective ip ys virel ah8idtor, Decctse of the well
imoun protun precipitating actiom of this molety(4), 1% might well o
expocted thet 13 yiyg irbitition ccspespendod with atdlity to imaetive
ate virue in yitepe In endor o doterwine the ip wiize tnrectivetion



TARBLE $

Comparison of Eﬁ Vive Viral Inhibition
by Gallic end Tannde Acdd

- Tose Deaths K Titer
- — 4P Bre 2htrs A8 Nire
Gallie scide & é nt ot

2.5 3 o 320
1.0 o 160 2560
Tennte aoid 1.0 0 0 o
Cotral - : 2w

& elbryos used for esth warisble,
Yires dilution 107,

& Invoepletely dissolved, Caloulation of dtlutions
o basls of original weight,

nt = not tasted



TABLE 6

Cosparieon of In Vivo Virel Inbibition

bty Oentisie and Tamnic Acid

T Tose Doatha WA ter

— Lonpound L 2h frg 4P Hxs
Gentisic acid 20w 2 ko Sho
10 ::. 1200 o2

5 ¢ 1200 oo

248 @ izdo g0

Tannle seid 10 o Q Gl
0. g O 5120

0,28 o o o

Gontrol - ¢ 2560 020

§ mobryos used for sach variable.
Tirue dilution 20=8,

# 2 enbryos tested,



%
of virs by these conpounds, they werv eorparcd in & eingle experinent
videh is tobulsted Im Table 7, Iz this experiment, dllwbimms of the
cempounds vero miuod i ogunl velmes of 106 Aliutdon of wites, snd
Oul 21 of the miatuwe wen injectod Lrmeifetaly thereefter into tho wgon,
Inputation was extended to 90 houps in erder to dotoct amll ameunts of
virug, Dossge ves exproosed so e sopmt of the compound sotuelly
injectad into the egpe. NMesagplutination toots indionted thet tamndoe
seid provented ltipliention with n dosage oo lov ao 001 vge Digellis
soid rrovantod mldinltlentien vith o sixdler doce and in pulooquent
amerinente the rinirel offective dowe wves deconstyeted to te under
D00 mg, Fyrogsllie sedd ccrpletely preventod appearence of heragpiie
tindns with & dose of O\ #y ard sesdedly suprvesced the tter with o
dose of 008 nge The pdnipwl offective deve of gallie seld wes 1 ng
ol gentiste sedd wr corpletely Lractive in the Josore used,

This guperiment indfented thet dhe in xiyp Suhitftion of ruld.
pliention cofnedded with the mpld potent frmotiwtion of virus in wilee
ty tannde ond dignllie selde, o & lJescer etend, Pryegnllfe seld euw
hitited the same hencssren, foconne move rteildne inhibition ves
demonetroted for the perticn of lamnde sedd copello of prectpiteting
rotedn, the poesidility wes considesed fdat crude teoning ghonfeally
distinet, tut poascoadng thde smme aldlfty, sdght eloo inhildt vimel
oultipddcetion, Orecn's vesd with ten extwectoll) Aa not eonteilute
to thic conpideretien, Loesuse Yoo corteins loth phlebetanmine end
enlloterndng

i vorioty of crude tonning, citained frem Merhewlovis Conpery,
vore tested for alddity %o LxhEbi¢ vl multipdiontion, Ter thdo



TADLE 7

Conpardson of g Yiteg Virel Imsctiwation
by Taonie Acldd and Related Compounds

i .- e e m— s : W
Semooind - S .
Pannde aeld 1.0 o
041 0
0., 4]
0,00 20
Q.00 10240
Digedido gedd 1.0 0
D1 O
0.8 o
0.1 4]
e Mo | 8o
Callic acid 1.0 0
0.1 10240
o, 10240
Gentioie acid 1.0 10240
Quld 10240
0,0 10240
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parpopes o serdes of individw] wmperinentes were emplayed, in which
tenmdne were testod for enbryo texioity and i3 yivg viral inmhilition,
Varying dilutions of the tanndns were injeoted 30 mimutes after sdmine
istretion of 1077 virus, After 48 houre of incubstien the eggs vere
condlod, and dead emieyos comntod emd ddconrded, The presenmse or
sheense of virue wse detormined in pools from living esteyee, by 5§ e
hamepivtinetion tests. In those experimonte, titers frem contrel eve
teyos varied betueen 181200 and 115320,

The evperdments on virel inhibitien Yy gallotemming ave oummrdsed
in Toble 8, It ray be seon frem the table, thut in addition te tannic
sedd, chestimt and wyrebolan tanndins inhdbited samltiplication, Nubgelld
farnin wos toxle to emleyoes in the desage woed. Table O cumapines the
wperinents on inbitdtion by phlobotenndms. The effective spocinens
inclnded walonda; wattle, and henlock temnine,

Peeeaoe of the demonetration that virel (nhdt4bion was no? limited
o tarnic acld, nt wae found in chanically wreleted tamdne es well,
& mmbor of fnorrenic protedn precipitants were tected for fuhiditery
obility, These oempounds included altrmdmm potassiwe sulfate, pareuric
tdehloride, sulfoselicylic acid, and phosrhotungeiie acid, In these
exporimonts, susmrised in Tokle 10, the cerpoumds were sterilised
through Mepdler filters without previous mentenlisation, and varying
soncentrmtions were injocted 30 mimites after 10°C virme, After 24 and
48 howrs of inculation, egpe vers candled, and flufde removed frenm

Lving esbryes, pooled, ant hemagrlutivatlion titers determimed, As oen
e seon from the tatlle, both alumimm potassimm sulfete and merourde

bichlozdde rovkedly imhitdted virel mltiplication vith desages below



TADLE B

Swmary of Experiments on Smbtyyo Toxicity and
In Vive Viral Inhildtion by Crude Gallotannins,

ol - Tese ﬂo. m '
~Tannin ng Swviving Hesagglutinstion
Tannie scid Merek 10,0 0 nt

748 0 nt
5.0 1 o
245 5 4]
Nutgall tammin 0.0 o at
?ng L] nt
B0 ¢ nt
2.5 0 nt
Chestont tannin 10,0 4] ot
T8 3 0
50 2 0
2.5 3 o
Myrsbolan tannin 10,0 4] nt
78 1 0
50 2 *
3.5 6 -
Powdered swmae leaf™ 10.0 3 .
7@5 & »
50 & "
2.5 & +*

6 eubryos used for _sach vardable.
Virus dilutiom 107,

Ineubation time LB hours.

ot = not tested.

* Incompletely dlesolved, Caleulation of dllution on
baslie of original weight.



TAME 7

Sumury ol Dperismts on Shryo Texdolity ond
An Vive Tiral Inhdbitlon by Crude Philcbotanning

Valonia powder 10,0

o
o
o
0
nt
0
0
0

s008

Hetlock tannin 0

sesd 2088

¥ Incompletely dissolved. Caleunlation of & lutien on
basis of original wedght,



TAME 10

In lyp Virel Inhibition by Inorganie FMroteln Precipftante

i "8 g

23 AR A

D DNRe O

n.a_m n@m.w m

ﬂwnum ﬂﬂ:ﬁm m

Pl YOS o

ey

culeyoo uesd foronol varl:tde,

-

nt & not tested,
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the tacie levele. £ moderate depressiom of titers for phosphotungotic
atid wvas ohoerved, The titures from oulfoselieyiic sedd trented egge
did not &ifler fron the controls,



FACTORS INFICENCIOG VIRAL IMIRITICN DY RaBEIC ACID

In the el poot of this Iovestigntion, the I miyp SehdvAtlen
ef the PEC wirue ty tamnie soid, cheamically pelated cempoumdn, crode
tarning, and other mroteln peocipdtatine egonte une oindded, It woe
fond tiet cenoepbonelie derdvniiver of tamnie ecid vere pueh weolnr
Anbitdtory agente then ddgeilie acid op tannic sedd i%0elf, It uma
forther noted twt 4n plag Inhidition Yy theoo two copomis corvecpinde
od vith tholr petost in yilop insotivation of visws, Vinelly, ju pive
viml gurrescion ws denenstented for crude rhlobetamioe end fue oo
moteln procipiteting agemts,

“hese stoesvetions fndleated thet the in wive Srhildticn by
tannde ecid vaa welotad to 4ts rrotedn preciniteting ceppcity, end suo-
peoted thet Snhitdtien vemudted frem ectiwstdon of visus Mberated
into the ollantede findd, The ceeont papt of this stuly is conoerned
with an ettonpt to irweotigate thic hypothonis nere ecamiletely,

oroon(?l aboroved that dnande setd Ldtoted virel mdtipliesticn
uhen givon op to 6 doure preceding, or 1 bowr folloving infection of
vivge, le pede e statement ne o WVathor or nol the intervalo lotwsen
injootion of vimue and tempdc nodd were extended. This melattonobip W
fuhitdtiton wun inveotipeted fn & euporiment in vhioh 2 ng of tammle
acid vere {njectod Inte eguo &b veryirg Sntorvals tefere and after
Infectdon vith 30% visus, A2 eom De soen fyoe Teble 11, tarnle mcdd
reoventod maltinliction, whether riven 12 louwe Lafewe; of 3 howrn afe
tor virel injootion, Vhen the expari=omt uae repcoted, Snhitddticn weo
demmmotreted, ever vhen 1 ng of tamndc eeld uns given wp %6 96 house
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tefore the vime, On the other hend, 1 ng of ternie acldd given aftor
virus, was frbiditery only &€ & 1 hour intervel wes net emooedod.

In the enporiment showm in Talle 12, 2 mg of tornie seid vere
inoenlated ot 15 minote intervale up to 1 hour after the injection of
106 aliution of visus, and egrs vere harvestod after 30 and agadn
after 72 hours of incubablion, In the treated ambryos, visue could sot
be demcmetented by atther hemnpriutimetion or infoctivity tests ot Gho
wod of 90 bouye, Py the end of 72 hours, hbeamegnlutivetion had reachod
Jevels only olightly below the comtrols, and a single infoctivity test
bed renched 107 or pavdvun clovaticn.

in ender to determine more ameotly the tWre of virml arpoayance,
& siotlar experintint wos undortelen In videh 2 we of tonnde aeld wore
Injocted 30 nimes after 10 &llution of virue, and erce vere Tarvested
&t more frequent fnterwle. As ean be seen frem Table 13, viruc eould
b demonstreted in contrel egps Ly infoetivity tests dotermdned after
12 hours ineutstion. Iy the end of 36 hours, heragelutinetion vas fivet
aprerorty and infoetivity had recched mudmm elowetion, In the treated
egge, viras could not be demonotrated until efter 60 hours of ineubation,
at vhich timo both hemegplntination ond infootivity had resched mawimed
oportions,

The relation of virl dooe to duvetdon of inhdtdtion Yy teannde
seld ey eindied 4n the cxporimant prosented in Telle 14, CGrowth cuvves
of selected doses eve illustrated in Figere 1. In order o obtodn e
slandord an! wniforn dose, #lms suspensicns were prepsred fren froson



TADLE )2

‘The Effect of Prolonging Incubation on the Inhibdtion
of Virel Multiplication by Tannic Acid

“Tarnate Injected 30 Hours Inoubation 12 Fours incubation
¥inutes After Virus FCA Titer Infectivity® HCA Titer Infectivitys

15 o o 610 nt
30 ¢ 8 1280 nt
Ly 0 0 2560 nt
60 o o 1200 4

7 5120 7

Contrel 5320

¥ esbryos used for eash variable,

Virus dose 10~7,

Tannate dose 2 mge,

* epressed as negative log of dilution,

nt = not tested



PARIE 13

The Relation of Duration of Mnoubstion to Vieal Madtiplicutdon
in Troated and Ron Treated Hgge

18

for eagh variabls,

L]

g 3

31!““%
Tammebe doso 2 mgs.
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NEGATIVE LOG OF RCA TITER

Figure 1,
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Selected srowth curves from an ex
tannic acid was administered 30 minutes after
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periment in which 2 mg of

varied ID/50
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allastole 1uid*, and the 507 infectious dese (ID/S0) wes determined ot
tiw time of fnoemlatien, Ten feld &llotione of virus veve Injested into
oges and these were followed §n 30 sfmutes Yy 2 vy of tormie ecld,
Aldquote of allantele fiuid vere then serinlly vemoved frue the some
groupe of wiepos &t 6 to 12 hour interwals, 1y the techrique descrdbed
in the pection on mthede,

The vesults of this experiment inddented, thet with the ewoeption
of the ID/50 dose, inhdbddion by tamnio seld proved o be only tompor
ary, In geverel, the tiwe of aprosrence of heosgrlutinine wes directly
roloted to virl dosage in both troated and mtrested dnisyos, 24 delay
of eppracimately ¢ houre cocursed betvesn the time thnt tho titers of
contrel egee reached close to maxirum slewtion (111200 or hgher), and
the appesrance of hemmpglutinine in teancte foweted ogro, Vhen the ooe
povinowt wvas repented {Telle 15), eintlar resulis were cbbteined,

The obgerwtion that Ivhibition of rliiplicetion was cnly tompoe
rery when teanndc acld wee infocted 30 sinuten efter infection, ralosd
the quostion es % vhetber o aimiler loos of Lrdibitien weadd oceuz,
if tennde acdd vao inceulated before or mimed with wires, If the
lypothesis 43 correct, that inhdidtion Yy tammete wesults fron inschive
ation of virus in the sllantolc cevily, then tannde aeid given $n the
shove mamer would be exported to prevent virus frax entoring suscep—
HMile celis, Thin prevention of coll entry chould result in pesrrencnt
et o Bty Lootaat viote o e e, e s et

in an ice beth vhile the ends vere sealed vith on oxypen flame,

vare then mpédly fresen in & dry doe-tcotone rdrture and wore
ﬁw&ﬁ*m.
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inbdbition of mltiplicstion,

Teble 16 shous the vesult of an experiment in which 2 ng of tamnde
aedd uere injootod edther 12 hours before, mixed wWith equel purts of
virug and injocted, or intwoduoed 30 mimmtes after incenlation of &
10" @dlution, Coptrel egys vere injectod with 0.1 ml of novsal puling
in the seme menmor, Afwes 2/, s~ 48 houws of incubation, hemagplutine
ation titere vere dotermined for ¢ho pllantelc and aemiotfe £indde, and
for 108 extrsots of the wardoup embryordc tisowes. In the untrested
oggs, bemogelutining vere dencngtyedle in both sllentele an! mmictis
floids end nesbvoned at 24 and 48 boures. In treeted ogpy, vires eoudd
be depenstrated in these areas, cnly when tarnle acld was Introdaced 30
minztos after infection, Mo virus ves demonstrubls in the yolk eses o
ecbryes of either the treated or untrweded sgen. The suppesitian that
inbitdtion by tamsie eedd wes due to virel Smmctivetion fn the alluntole
cavity wes Curther tested in the experiment shoun in Tatle 17, In this
experinont, & 1070 allutien of virus wes injected into the amteyos 24
hours before the inoculatfon of verying doses of tennde eoid. Semples
of allsntole fludd vere removed 1 and 24 hours after tonmate injectien.
Cherfoellsntols membroser vere also removed 1 hour after tarmate aduine
fotration, and 100 ertimots vere tested far preoonce of virue, The
insctivetion of virues 4in the elisntole fludd wes fron o mardbed drep
n hevagplutination titer thet cocurred 1 hour efter termmio injection.
On the other dnd, with the emeopbicn of the 2 my dose vhich showed e
«light deprescion, the mestranen fren trested ecbryes lad titere oimiler
to the controls, Tho ebility of the virws to mltiply vithin the mome
tevnoe 4o demonstreted by the retwm of hemag-lutinins fnto the allane
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TARLE 17

Hemag Autination Titers of Chorloallantole Fluids end mﬂu{u Belore
md After Injection of Tannate When Virus Was Inoculated 2 Hours

Previously.
1B Tter Tk Titer hfter lomate
Before Tennate Tamnate 1 Hour 2k Hours 1 Hour
Al, Fluid Bg Al, Fluld A1, Fiuid Al, lembranes
1280 2.0 4] 5120 150
1280 1.0 0 g120 &
1280 0.5 10 5120 ATy
1260 Control 5320 5120 1260

6 embryos used for each varisblo,
Vires dilution 10"6.
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tode fludds 24 howe after Inoculation of tannde acid,

L poorible cxplasmtion for the retuwm of virne in treated egus,
winld be that otredng vosietont S0 termde scsid rdght dovelap, sinilar
to thooe of the mupe virue for Prisdliinder polyssceharide(?d), 1In
order to spolnde thia possibllity, twe siditienel experiments vere
perforsed, In the first experitent, vims containing allanteie finid
fyon torrmto trontod ogre wes veednfectod st a 107 dilution inte cddie
tiomnl ogrs ond vao agein suprresded Ly tannde seid glven 30 minutes
later, After miPicient inontation o permdt return of virns, tho rrvs
cofure wos yvepeatod. A Sotel of J such pessapes 414 notl demonctmmie
an inercased resistante to tannde acdd,

Flpuve 2 shous the hemaoplutiontion titers from the vecond superi-
mont 40 shich undiluted virus was injected into eges. After 11 howrs
of inentetion, sumples of allantede finid vere removed and 0.5 np of
tarmic acld was infevtod, Vithin 30 siwmtes, a drep in hemapplutinetion
titer ws oboerved, and IR houro later s dletinot rise ccowmed, £
seeand injection of 2 my of tenmete after 27 bowrs of inculation, waa
folloved by encther fall in titer, ond an inorease 21 heurs later,
Titers for samples fyor contrel ogge given norml galice did not vy,
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DISCUneIon

Attberpts to Inhitdt the mltiplicetion of the enimnl virses heve
teen Jawgely empirieel, £ wide wordety of chemieel and uiologieal
" egemto hove been tried(%), b vhen this study we Snctigated, tamnde
acid was the moot potent inbdbitor demoratrable,

Although the moet lordeal mode of sction of tanrde eeld vould bo
tarcugh te proteln precipitating stidlity, thds foet was by no mvane
proven, One ceuld not exclude the poasdBility that in such an imguve
substanoe, other campoands present ripht also wxovt on offect on the
vires within the ¢ell, It ves aleo posoible thet ta=mie eeld conld al-
Yer the vall suvface in such & way as %o prevent vivel saltdsiication,
This last point has not yet beon pubjected to mmperinmental detexdnetion,
tut such an alterstion soems wnlikely in view of the dote Ump fur
oitained, For the above rescons, virel iahitdtden by tarmie seid wns
stadled in connideratle detadl, Trie study constitutes the thoots
herein propented, | |

In the esrly exporinents, the mdtipliontion of the PR virus was
prevented by the introfuetion of erude tamndns, inergerdc proteln pre-
eipitonts, wad taniec and digallic scide fnto the alisntoic cavity 20
mimates efter infoetion, If tenrde or Adpellie seids veve mimwd with
virue, coplete imctivatdon of & 1077 dflutien oocurred vith ao Yittle
fs 0,01 mg oven if the embrpos are inechatsd for 06 boure, The lator
experivents indionted that the ig yiwe immetivation ly tanndc seld 4s
taporary and that the virue jevarielly resorcars in the allsrtede
£1uid 40 ouffictont incubation time is pemmibted,
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 The ovidonos now avedlsble suggosts that both the ip xive end in
¥idre irectivetlion of infivensa virus are prolakly relsted te the potent
proteln dereturing aetien of tsande sold, sm:mymm:;ngz(m
mmwmmmmmnmmmmm
ties of tonndns and 9irel irsctivation, They obserwed that virus weo
proteeted in the presence of oxests protedn, and that the cupermatonty
of tarmin eontaining solutiens yhich had previcusly becn precipiteted
by protein, 414 not destray vivue, Tnlean(?®) hus dororsteeted & quene
titative relationabdp botawen lose of bemogriutination ami the increasce
of optienl donoity of virus containing ellantods findds which were treate
ed vith vaxying quantities of termic acld, She found thet vhen the log
of the hemmgglutinating undts per ml of fIndid vas plotbed either agninat
mmwmmmz@,wm«mmuamt

line wes obtained, ,
nmmmmwmmmsrmu%}“ﬂm
irg the couwrse of infection, large cmounbs of vimel, as well ss non vie
ml proteln are lberated into the aliamtode envity, It wemid be
reasomable, therefore, to asowe that the apresruree of vims after
tenporery uppression is dus to the exheustion of tarwmte ly thevo
proteing. Attempio to prove this poirt dlrectly vers hampered ty the
dack of o cenoitive quantitutive tent for tamnde seid, For this veason,
indirect ovidenes and exelnsion of sltesmative emplamatiore for the
reeppeayance of virus vere utilised, These fnvluded the demenctration
of the quontitetive desteuction of bevmgriutinine in the fiulds, the
asbusence of resistonce to lanmnto, and the presence of virue in the
momlrene, The lotter is Llluetreted in Teble 17 vhere 8 sipnificant
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enount of virue weo feond in the chorionliantolc membrene and wes sube-
geqaently velessed inte the allentole £luid with contimued inouietion.
Additional evidence for the presence of virue in the mepbmone is awdle
shle fron the exporimemt shownm in Tolle 16,

An additional arpument in fover of the crbyeseelluloer site of
aotion of ternic moid moy be famd io Migure 1. The temporery inhibe
i%%on of virus wes followed by maltiplicetion at & rate compurnile fo
the contrels, If the tannic ecld had hlocked the intracelluwlar produgs-
tion of virus, the gredunl reletce from 4% inhibitery metien would
beve changed the slepe of the growth curve in & mumer sindler te thet
doseribed for the Clnorescetate-poliemyelitis{®?) and for e
nitvostridinedntivense 5(%8) gystems, Prom Pigure 1, theve elso
aprenrs to be & direct relotionship betvesn tho dosape of virus and
the duretion of Qnsctivetion ly tammic ecld, In the case of the inter-
ference phencmenon, largely en imtwweellular blocking mechantew, the
ehallenging Jdose of infectiwe virus dees not inflvence the nremmt of
inhabitaon{29) 30}, 7o & leszer extent, the ssme eriterton eprlies to
the mape-rriedlfinder rolysnecharide systen(31),

If one seeumes thet the mctien of tennde neid 35 due to imactive
atien of ertrecellulsy influensa virus, then two explombions are
avedlstle for the inoresce vhich ococurs 4in the membeanes, 1) Virua noed
not necossardly be releaved imto the evtrecellnlar emviromment but io
able, throaugh intrecellular cormmication bo sprend within the tiooue
iteelf, 2) The ceccnd and more likely altornative ic that the chorde=
allsatofe mombrens io reinfocted frem enbryemel cources othor tham the
ellantede f1a3a(3R), Hedther of these possililities oun bo cxeluded ty
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the type of experimont heredn doseriled, end should be sonsidered in
2ld studics dealing with tlw queantity of virus in e sllantele fuid
re compered with the mestrane itoelf,
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1. Tennde seid, relsted conmpotnde, erede teanmdne, and inorpende proe
tein precipitants vere teoted for ability to inhibit {he multipiicotion
of the S straln of influense & virde in the beyonated egp.
2. b verlety of compounds were Pound to poscess virsl inhitdtory
propertios when injocted 30 mimules after Infection. These included
temnde potd, digellde neid, chestmmt tsnnin, myretolan tampdn, rangveve
extract, valonie pouvder, watile termin, henlook tarmin, phosphotungatic
acid, alupdiom potagrium sulfete, and percurle tdehleride. v
3. The correlation of ip yiwg virel ishitition to potent in yilxe
insctivation wao ootablished for tamsic end Algnllie acld,
4+ The §g yiyg imtdvition of virus by tezmic noid weo dememotreted to
o temporery provided inoubsticn wes sufficiently prolonged, Ishibition
wan farther shown %o be s function of doso of virus injeeted., If 30
pimotes ves elloved for pensteation of sz 14ttle ss 10 10/80 of vime
inte the choricallentoic membrune, hemngpiutdning inwvesdially appeared
in the alleontole finid, Omoe the offect of tarmde acld vae overcomo,
the virue vas releesed into the fiuid 2% ¢ rete corpareble with controle,
5. Purther ovidense is presemted to shov that the reburn of virus woe
not due do the develeprent of vesictant stenins, and thet virus vithin
the choricallantolec pembrene whn not affected by tannie acld,
6. It wep copeluded that tomnie podd fnhibited wirel sultépdiention by
inotiveting virue in the wllantolc eavity,
T+ Heasono for this conelusian are discussod,
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