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BIKE\'S JOURNAL 4,255-270 (1961)

Cyfopafhic Changes Induced by Herpes Simplex virus* **

SHIRO Nil~** AND IUNTARO KAMAHORA

Cytopathic changes induced by three substrains or the Aliyama siraiiT or netpes simplex virus
arc dcscribed. A{DTPhological changes induced in cells are controlled genetically by these strains
11, FL cells infected willt strain -CGI, agglutinatioil antlIusiforill clevclopment wei'c obser\'cd as
tile cllatacicristic changes indticcd by this \. ariant. willT strains -CGI and -CGr, FL cells were
infectecl and the number of cclls in replicate culturcs were countecl at \, arious limes after virus
inoculation. Prolifcrativc clianges were IToi inducecl by infectioit will, either strain. L cclls inkctcd
willl a bigll virus titcr or strain + CG showed a \, ciy early appearance or giant cells. The 101'mation
of giant cells o1, Earlc's L cells was clcpcndcnt on Ihc concentration of input \, irus. +CG \, irus
partially in activated with ultra\, iolct light also indticed remarkable effects on L cclls and undcr
some cxpcrimenial conditions giant cells 1101 accompanied by intranuclear inclusioil bodies appealed
Theseindicatcd that giant cclls \\, ci'c formed by the Inass effector the \, irus suspensioit or strain +CG
on 111c cells aild not o1, Intracellular \, irus growth

From 11, c above dataitis dcduceclthat these different types or transformatioiT of cells by cliffcrcni
SII'ains arc mainly duc to Ihc primary In ICraction of some agents In the \, irus pariiclcs of these strains
o1t thc cells

Dinarl"tan! of Pathology, T/!e Re$, arc/! 111Jii!!Ile/or
I\11cr0 61h! Di, eaJ, J, DJ, AC Uni, erriO^ Osaka
(R, cei, elfoi 111b!Itnil'o11, Afo, ,gritber 15, 1961)

SUMiVIARY

Thc isolation of strains of ITerpcs virus whiclT cause different cytopathic effects
on a variety of ILOst cells was descril)ed I^, A{cNair-Scott of n/ in 1959. SIIlTilar
results \-\'ere I, rescntcd I)y Hoggan e/ n/. (1959) and I^, us (Nil and Kamahora,
1961a). A Iiiological comparison netwcen the strains has IJcen reported in detail
by MCNair-Scott at of. (1961). Essentially the same phenomenoiT has recently
been Ieported Iiy Falke (1961), \\, ho isolated two \, ariants, fR and rR, froiTT a
strain of herpes B virus

In the previus report we described three SUI)strains of the AtIyama sti'ain
of ITerpes simplex virus, \\, hich \-\, ere distinguish able from eaclt other I^, their effects
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on FL cells ; one produces giant cells, another causes roundin. ' of ITffectecl cells
and the third causes cells to I, ecome fusiform. These strains \\, ere designated as
strum* +GC, -Go. and -GCf re*pertiv, I^ (Nil, 1961b).

This report describes further invest10ations on these substrains. The differ-
ence in the cytopathic changes caused by each, and the conditions necessary for
giant cell formation by herpes virus on monolayer cultures \\, ere studied.

NTT AND KANTAHORA

The Nilyama strain of ITeipes simplex virus was Lised throughout this series of expcriments. 11
had bee, . isolated front the vesicular fluid of a patient with helpeJ labialiJ and three substrains wete
obtained (Nii at a!., 1961a, Xii, 1961b). Each was serialIy passaged on F1. cells. The supernataiTt
fluid of the infected culture of each substrain reached a titer of about 108 TclD, , or n, orc per in I
As viral sample, these tissue culture fluids were usecl after centrifugation at 2,500 rpm for' 10 minutes.

2. Ti$we '11/1ttre cells

'11/1$

FL cells and Earle's I, cells were used. The former was from the National Institute of Health,
Japan, and the latter line, from the Institute for Infectious Diseases, Tokyo University. Eaclt was
subcultured in this Institute using 200 inI and 50 inI piescription bottlcs

3. Cull"re 111edia

iVIATERIALS AND METHODS

The L cell strain of mouse fibroblasis was grown in a meti11m consisting of 95 parts of Hanks'
balanced salt solutioil containing 0.1 per cent Yeast Extract and 0.5 per cent Iacialbumiit hydroly-
zatc and 5 parts or bovine serum. The growth mediun. for FL cclls was composed of 85 parts or
Earle's saline containing 0.5 per centlacialbumiiT hydrolyzaic (L-E solution) and 15 parts or bovine
serun, .

4. Prepaid!ion of ajius for UV (11/11'daio!e!) illac!I'd!jolt

FL ccll monolayers containing about 107 cells were inoculated willl I-2 in I of \, irus suspension
After a one horn' adsorption period at 37'C, the in DCulunT was removed. Then tinc monolayers
were washed three times with 5 ntl of L-E solution not containing phenol red. EiglJt ntl of fresh
L-E solutioiT \\, ithout phenol red were introdLiccd onto each monolayer. \\'hen the cyiopathic
changes were maximal, Ihe infected cells \\. erc detached from the glass wall of the culture bottle by
spraying the wall vigorotisly with Ihe culture Huicl by pipette ancl cell suspensions were Inadc. They
were freeze-thawed rapidly SIX times using a CITY Ice-acetone mixture ai, d warm water. Disrupted
cell suspensions were centrifuged at 4,500 g for. 20 minutes us illg a terngei'ated cenirifugc at O'C.
The supernatant fluicl was Lisecl for. tiltia\, iolet inactivation or the virus

5. Ulna, to!,! ( Up) Inac!iruiio, !

A 15\V germicidal lamp fitted with a reflector (Toshiba Electrics) was employeclforinactivation
Two n, I of the \, irus sample in a petri dish (87 ntm I. D. ) were irradiatecl at a distance of 21 cm
\\, ith continuous shaking.

6. lyec!iaio, nil aim"$

Infectivity orFL cells was titratctl by the 50 per cent endpoint method by tube illratioil (TclD, ,)
as clescribed in the preceding report (Nil at at. , 1961a)

7. Cell cow"Iir!g

The nticlei \VCrc counterI in a ITaemocytometer. The methocl for' preparations of cell ITUclei
was in principle similar to that reportcd by Kaisuta (1955).



8. J\{o11ho!rigi'cal o6"lad!!'o11$

The inclhocl described in the preceding report (Xii at a/., 1961a) was used

CYTOPATHIC CHA\GES I\DUGED BY HERPES SixlPLEX \'IRUS

I. Cjto/id/hic elec/J ON FL cell mono/owl'J ind!!ccd by J!! trill - Gqf

The ITTethod of ISOlatioi} of straitt -GCf from the parent virus population of
the NIIvama SITaiiT ILas already I, Gen reported (Nil, 1961b). lit this artide a
dctailcd study on the c\, topathic chan, es in FL cells infected \\, ith this variant
will lie described

Replicate nlono1a\. er cultures in 50 in I I)ottles \\, ere prepared. Eaclt nottlc
contained 3.5 XI06 cells (Fig. I). These were infectecl\\, illl 2 in101 virus suspension
of a titer of 2 xi08 Tcl050. The cultures \\, erc incubated at 37'C for. 2 hours

will) occasional shaking. After the adsorption period, the inoculum was removed
Then monolayers were \\, ashed 5 times \\, jilt 10 inI of Hanks' BSS and 5 in I of
ITeslt medium \\, ere IP. troduccd onto eacl\ monolaver. The nottles were incubatcd

again. at 37'C. T\\. 01,0111es \\, erc taken out at intervals to photo. 'raph thc litfected
FL cells ancl to tiltate viral infectivity.

During the coui. se of infection, consider ablc c\, topathic cltanues in the FL
monolaycrs \\, eie o1)scrvcd. 'These \\, ere arliitrarily classified into three or foul'
stages

Stage I : At earlier stages of InICction (81Tours) the cytoplasnT of the cells Is
spread out on thc glass and the cells looked flattened. Borders I, etweeiL neigh-
I)ouring cells in the shcet were appal'Grilly lost, alll}Duglt syncytia were ITot formed
(Fig. 2). T'hese earlier charities induced by straiiT -CGf were compared with those
resulting from infection witlT a hiah viral dose of strains +CG and -GCr. Gel-

Iular responses to strain +GC I'esemliled those induced by strain -GCf only in the
carliest stage of infection, \\. heIl syncytia had ITot yet lieen formcd in the sheet.
SuclT cohesive changes of infectecl cells, ho\\'cver, were not apparent in expeli-
merits using strain -CGI. . Flu. 3 shows FL cells 61tours after infection \\, illT a high
titer of strain -GCr. Almost all the cells looked rounded and separate \\, illiout

of cohesion.SIgLLa

SIa, 'e 11 : 'fweive hours after infcction the cells liecame SIIuhtly rounded
and the liarder of eac}} cell appeared to IJe clear, I, ut the cytopathic chanues at
this stage \-\, erc not specific for. strain -GCf. (Fig. 4)

Staoe 111 : After about 20 ITours many cells looked ItISIforitT and some To up. d-
ed cclls ITad aqglutinated with one another althouglt viant cells had not formed
As infection proceeded, these fusiform cells became more elonuated. The appea-
rance of suclt fusiform shape cells is one of the most conspicuous changes induccd
by strain -CGf. (Fig. 5)

Staae TV : After al)out 70 hours roundecl cells which \\, ere pyknotic increased

RESULTS
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in number and they, were present together with long fusiform cells. (Fig. 6)
These shrunken round cells seemed to I, ecome detached from the glass wall and
dispersed in the liquid phase of the culture. Even in the latest stage of Infection
the conspicuous pattern of cellular in o1pholcgy, i. e. the fusifornT shape of the
infected cells, remained in the culture.

These experiments indicated that the characteristic changes produced on
FL monolayers by strain -GCf \\, ere agglutination and fusiforin development of
infected cells. These changes have consistently I, Gen observed on serial passage
of this variant on FL cells ever since its isolation. For a COTr, parative study of
the cellular responses to three substrains of the A{Iyama strain of herpes simplex
virus, typical changes produced by the other I^. o strains, i. e. strains +CG ard
-CGf are shown in Figs. 7 and 8.

Strain -GCf as well as the other t\\, o straii!s oro\-\, rapidly on FL cells. In
the above experiment the titer of the culture fluid reached 2 XIO' Tcl05u per
in I 40 hours after Infection.

lit preparations stain. ed \-\, ith haematoxylin and Gosin, intranuclear Inclusion
bodies with an oval foml \\, ere observed in the fusiform cells and sometimes they

were very long along the long axis of the cells. (Fig. 9) The shape of the inclusion
bodies may I)e more or less Influenced I, ^ the cellular morphology.

2. Refjb0"$8 of FL cell to J/1,111$ -Gqf di!d -GCi'

Gray 81 a/. differentiated three types of cellular responses to a ne\\, Iy isolated
herpes simplex virus in alli, . Proliferation of cells exposed to virus is an interesting
prol, Iem.

Experiments \-\, ere performed to study the FL cell response to substrains of the
A{iyama strain and to see \-vhether there was a correlation I>et\\, een the types of
cellular responses reported IJy Gray at al. , a. g. proliferation or non proliferation
and the cytopathic effects revealed IJy strain -CGf or -GCr

Replicate monolayer cultures \\'ere prepared in 50 nTl bottles. Each contained
4.9 1106 cells. These \\, ere infected witlT 2 inI of virus suspension of straii} --CGf
or -CGr of variable viral titers. The cultures \\, ere incubated at 37'C for 2

hours. After the adsorptioi} period, the inoculum \\, as removed and 5 in I of fresh
medium \\, as introduced onto eaclT monolayer

Cultures \-\, ere reincul, ated at 37'C. At intervals after infection cultures

were removed and the numlJer of nuclei remaining attached to the wall of the
bottle was counted. It was noticed that nuclei changed in appearance as infection
proceeded and in the later stages they became pyknotic. Dead cells \-\, Ith pyknoric
nuclei may have IJeen counted, especially in later stages, IJut cellular via billty
was not strictly considered in the experiment.

The results are showil in Fig. 10. Neither substrains --GCr or -CGf caused
cellular proliferation. Higher concentrations of virus in the Inoculum did no

NII AND 1<A1\{AHORA
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cause proliferation of FL cells
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Fig. 10 FL Cell Response to Infection with the Miyomo Strain of Herpes Simlex Virus

* Inpui virus ^ number of cell

Control cells increased in Ilurnl)CT rapidly I)y a factor of 1.8 in 48 hours'
Froni this expcrimcnt it was shown that SITaiit -CGf induced earlier destructive

effects o1t FL cells than did strain -GCr ancl this phenomenoiT \-\, as constantly
observecl In otl}er cxperiments.

3. Cy!opalh!'c chinig, J indi!cad by $11'din +GC

Syncytium formation of FL cells, that is a characteristic charruc induccd I)\,
strain +CG, ITas lieeiT constantly o1Jserved since isolation of this strain from the
parent virus population. (Fig. 7) The response of Earle's L cells to the Miyama
strain of herpes simplex vii. us \\, as presented in an earlier report and it \\, as shown
that the response of these cells to the A{iyama strain differed a little from that
of FL cells (Nil at d/., 1961a).

Experiments were repeated on L cells using straiiT +CG. A syncytium \\, as
not alwa\, s fomted I>y cells infected willT the virus and it was indicated that
a genetic marker revealed by straiit +GC on I'L cells could not be expressed \-\, ell
on L cells. Froin the data on the interactions of strain +GC and L cells, the
following facts \\, ere recognized. When a IlIgh titer of strain +GC \\, as Inoculaied
onto all L cell monolayer, many giant cells were formed, although as large a
syncytium as that seen in FL monolayer cultures \\. as rarely onsetved ancl in the
later stages of cytopathic changes, giant cells were ITot so clearly seeii so that the
cellular response \-\, as mole like the cytopathic effects to type -CGr. In cells
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infected with a low infective titer of virus, the first cytopathic change often appeared
as formation of single giant cells surrounded by apparently normal cells and as
infection proceeded the number of rounded cells witll a single nucleus increased
and the -CGr type of cytopathic effect appeared.

A series of experiments, as described below, were perfoTmed to see what
regulates the formation of giant cells in L cell culturcs.

L cells \\, ere prepared on 10 x 50 nTm covei. slips in Leiton tulJes. Each
contained about 5 XI05 cells. The cell shcets formed about 24 hours after' I, Iai. .t-

Ing \VCre used, as the cytopathic changes in these cells Infected with the Miyama
strain of herpes virus \\, ere influenced In ore or less I, y the age of In on o1ayer and
the cells of older cultures sho\\, ed milder^. CSpor. scs to the virus.

a) nine of rippedI'd!!ce of gt',!11 cell. t 4/1, I' fir, 611011

The purpose of this experiment \-\, as to find the relationship I, etweeii the time
of appearance of giant cells and the stage of Intracellular. \. irus gro\\, Ih. 'The
latter was indicated I, \, the development of Intranuclem inclusion 1.0dies.

Each monola\, er OIL a covei'slip lit a tube was infected \\, Ith I InI of vii'us
suspension containing about 108 Tcl050 and incul)atecl at 37'C. After a 21Tours
adsorption period the medium of the inoculuin \\. as Tene\-\, cd. At appropriate
intervals after infection samples \\, eye withdrawn and fixed

As early as 2 hours after virus inoculation, that is, at the erd of the adsoi'prion
period, a dramatic appeal'anCG of giant cells \va. s sccn. (Figs. 11,12) At this stage
of infection in. o nuclei in the sheet sho\\. ed anv SIon of formation of eosinophilIC
masses. (Fig. 13)

To anal\, ze this I>henomenon more precisely and quantita. tively, the ITtimber
of oiant cells and of ITUclei contained in each of them were counted tinder the

microscope. The results of two separate experiments are showil in Table I. The
percent of nuclei which participate in the formation of aiant cells and the average
nulnlJer of ITUclei in them are recognized as indices of thc grade effected IJ\, \, ITal
material in the cells. Giant cell formation on L and FL cells is thought from the
followiiT^ facts to IJe caused IJy fusion of Infected cells.

a) The numl)er of cells decreases progressive Iy after infection
by Amitotic nuclea^ division is o1, served in too 10\\, frequency to cause for-

mation of the multinucleatcd cells induced IJ}, the virus
As early as I it OUT after Infection, agglutination and fusion of two or three

neighbouring cells was recognized and as showiT in Table I an out 60 IJcr cent of
the nuclei were present in gian_t cells at this time. The formation of giant cells
seemed to begin as soon as the cells \\, ere infected. Thus the phenomenon seemed
to IJe due to the primary Interactions bctween virus nTaterial and cells regardless
of intracellular viral ,Towth. An eosinophilic mass was observed in all the nuclei
4 hours after infection in exp. 2. Formatioi\ of giant cells was complete about
6 - 8 hours after infection \-\, ith viral doses as high as those used in the experiments.

NII AND KAMAHORA
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Desruption of cells began after 10 hours and became pronounced 13 hours a, fter
Infection.

by Rela!ionr- belzue, iz colicei!/Ianoi! of innt!! anus and did"/ cell 101 malt'o11
Viral material derived from FL monolayers infected with strain +CG was

serialIy diluted threefold. One in I allquots of each dilution were eacll introduccrl
onto monolayer cultures. The preparations were incubated for 2 hours and
theIl the Inoculum was replaced I, y fresh culture medium. At various times after
lifection samples \\, ere taken out and tested as described above. The results
are shown in Table 2.

The cytopathic changes 6 and a half hours after virus inoculation \\. ere related
to the concentration of Input virus. IIJore dilute viral material induced milder
effects o1T cells. (Figs. 14, 15) The cells, which were inoculated with viral dilutions
of I :3', I :31, and I :32 in exp. I and of I :3' and I :31 in ex . 2, had intranuclear
Gosinophilic masses in all their nuclei. (Fig. 16) The incliisions formed were recog-
itIzed to lie due to the first cycle of virus growth, although there were slidht differ-
ences in their development in preparations infected by dinei. ent dilutions of virus.
11 Is interesting to see that a higher concentration of viral material is required to
form giant cells than to infect all the L cells in a sheet. The data described above,
however, do ITot ITTeaiT that Lhe results were due to differences in the staue at
which Intracellular \, Irus growth occurred caused by different viral concentrations.
This is shown by the followino facts.

In exp. 2 parallel samples were removed 20 and 45 hours after lifection and
the cytopathic changes studied. In. the preparations which \-\, ere infected \\, ith
a lower concentration of virus, infection proceeded further and virus orew tintil
finally all cells contained intranuclear inclusion bodies, IJut at this sta e tliere was
not much formation of giant cells.

It Is worthy of note that L cells produce large syncytia only \\, hen a high
Infective titer of virus derived from the culture fluid of infected FL cultures is used
for. inoculation IJut rarely as the result of viral orowth itself.

c) ayec/ of all'I!$ malei'iai tohich har been pallid/b, incc/i"digd by 11/11n, iol, / IIJ'"drn/ion
Experiments were performed to see whether the dissociatioil IJetween the

formation of giant cells and intracellular viral orowth coulcl be seen in the inter ac-
lion I>etween L cells and the Miyama strain.

The effect of irradiation of straii} +CG of the Miyama strain is shown in Fio.
17. Two inI viral samples containing about 108 TclD per inI were ITradiated
for. I, 2 and 3 minutes as described earlier in this report. One and a half inI of
active and mactivated virus samples \vere introduced into replicate cultures, which
were theI) Incubated at 37'C. After ait adsorption period the inoculum was
removed and fresh medium added

Eight and a half hours after infection the cultures \-vere removed and fixed.

NIT AND 1<AMAHORA



The preparatioiT infectccl with the active viral sample showed the severest c\'to-
pathic changes in the cells. Intranuclea^ eosinophilic Inasses could lie sccn in
all the nuclei. (Figs. 18 and 19) TIT cultures inoculated \\. itI\ partially Inactivatcd
virus o1ant cells were also produced. Giant cell formation \\. as almost completed
within about 8 hours and thereafter the numlier did not increase. This result
was the same as with active \, Irus. EOSinophilic masses, ITowever, \\, ere not found
in pieparations inoculated \\, ith samples Inactivated \\, ith UV for. I minute. (Figs.
20 and 21)

CYTOPATHIC CHA\CES I\DUGED BY HERPES SI\IPLEX \'IRUS
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Fig. 17 Inactivation of Herpes Simplex Virus It-GC Miyoma Strainj by UV-irradiation
A 15W germicidol lamp filled with a reflector was employed for in octivo!ion o1
a disionce of 21 cm

The dearee of these cytopathic effects is sho\\, n in Table 3.
A similar. marked change \\. as also found LISing viral material Inactivated I)y 3
minutes treatmen. t (Figs. 22 and 23) and in this case the giant cells usually dcgene-
rated and did not form intranuclear inclusioit nodies.

As shown in Fig. 17 a viral suspension \\, itit a titer' of 108 Tcl05i) I>er inI was
illactivated to a level of 102 - 103 TclDso by 3 nTinutes exposure. Active virus
of Ihc At byarua strain witlT this titer had little effect if any \\, Ithin 3 or 4 day's on
L cells, IJecause L cells are less suscej, tinle to this strain than FL cells (Nil ,I al. ,
1961a). The effect of virus suspensions of such a 10\\, infective titer on L cells Is
indicated in Table 2, and the^ cause focal degeneratioiT of L cell monolayers.
(Fig. 24)

In the above expel linent a very 10\\-^rifective titer it any, (less than 10 T'GIDso)
was detected from the culture fluid of the L cell monolayer on the 2nd or 3rd day
after inoculatioTi \\, itIT virus \\, hiclT had I)eelT ITradiated for. 3 nTinutes.

A ITiu}l concentration of UV Inactivatecl virus of strain - CGr did not induce
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giant cells in L cell monolayers.
From these data it seems that giant cells are formed IJy the massive effect of

virus suspensions of straiiT +CG on cells regardless of intracellular virus growth.

CYTOPATHIC CH, \\GES INDUCED BY HERPES SI\{FLEX \, IRUS

Two types of variants of Iterpes simplex virus ITad already been isolated by
some workers : one produces multinucleated giant cells in monolayer cultures and
the other. roundino' of infected cells (NICNair-Scott at n1. , 1959; Hoggan 61 a!.,
1959; Nii at a!., 1961). On passage of a strain of Iterpcs simplex virus (Miyama
strain) In allio a \, ariant unlike either type was obtained (Nil, 1961b)

In this I>aper further studies o1T the nTorphological changes in FL cells Induced
I)y the --CGf lv'Iiyama strain are presented. The chacteristic cytopathic effects
produced I)y this variant are agglutination and fusiform development of infected
FL cells. These changes are distinguish an Ie from those caLised I, y other SIlI'Strains,
i. e. strain +CG or strain -CGr. Although the extent of cytopathic cltanges in
In on o1aycr cultures aft". virus Inoculation \, aried \-\, Ith the titer of the Input virus
and the morphology of the infected cells varied during infection, fusiform cells
al\-\, ays appeared in the sheet when the cytopathic effects were maximal.

The microscopic PIaques \\, hiclt \\, ere produced in a nTonolayer culture In-
Iected with a 10\\, titer of IlCTpcs SImplcx virus nlay 13e LIScftil to distinguish this
strain from others \vhiclT each cause their own conspicuous in orphological changes.

rescml)led thoseT'hc piaques producecl I)y strain -CGf, ho\\, ever, sometimes
induced Iiy strain +GC. Therefore to distinguislt the SUI, strains of the ithyama
strain cleaily it is I)est to study ITtonolayer cultures ilitectccl \\, Ith a ITiglT viral titer
of each SUI)strain.

Besides the ITTorphological charactcristics In. duced I^, strain -GCf, an other
character \\, as studied. Changcs of the numbcr of FL cells infected witlT various
titers of straitt GCf were folio\\, cd aftcr virus Inaculatioi} and it \\, as founcl that
this variant caused earlier disruption of FL cells than strain -CGr

Strain -CGI as \\, ell as the other two strains werc neutralized \\, itIT a specific

I. alJbit antiserum against strain HF.
It is interesting that the three substrain. s, I. c. +GC, -CGr and - GCf, were

originally derivecl from the same material isolated froin a patient althouglT thc
of each sunstraiiT is Linkno\vn. Strains +GC an. d -CGr \\, ere Isolatedorjo in

after consecutive IJassages of the parent \, irus population o1T HeLa and FL cell
cultures and further passages of the Iattel. on L cells and FL cell cultures resulted
in the isolation of -GCf strain. Recent studies showed that the parent virus

from \\, hicl} strain -GCf \\, as isolated, contained all three types ofpopulation,
viruses, i. ,. +CG, -GCr and -CGf and that type -CGf was pi. edominani,
Iunpublished data). Ho\\. ever, it is uncertain whether any viral clone obtainecl
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from the parent virus population of the Miyama strain induces the same type of
cellular response as those of one of the three SUI, strains. There In Ight be other
types of cellular responses \\, hich are slightly different from the types already known.

The question therefore arises as to what controls the change in cellular n, CT-
phology after Infection with herpes simplex virus and various possibility in^, be
considered. First, the genetic material in the virus particle which seems to be
specific foi each SUIJstrain, may play a role in determinino cellular changes which
occu^ immediately after infection. Second, each subsLrain of herpes virus may
have its own metabolic pattern of virus reproduction in infected cells thus causinp'
different degenerative changes. T'hird, the variant \\-hich induces multinucleated
giant cell formation may induce formation of "a o1ant cell producino aoent" in
association willT virus particles \\, hich causes o'iant cells foTmation regardless of
Intracellular virus growth. Fourth, sucli a \, ariant may produce "a toxin-like
agent" in Infected cells \vhicll is separal)Ie from virus particles as in adeno virus.

The data presented in this 'paper 'support .the third possibility. Changes
in L cells infected with strain +CG vaiy with the concentration of viral sam it
in the Inoculum and jargc syncyLia are formed only when infected witlT a hidher
infectivc titer of virus. Inoculation \\, ith a low titer^. esults in formation of few

giant cells even when lifection has proceeded and cytopathic errcc!s have IJecome
maximal. This suggested that giant cell formation is due to the primary effect of
Input virus.

U\/ Inactivated +CG virus caused formation of giant cells but not of intranu-
clean. inclusion bodies and this I>henomenon indicates that o1ant cell formation
is not directly related to intracellular viral growth. Althouuh satisfactory data
have not heelT obtain. ed in FL cells with UV inactivated virus, this conclusion
is supported by the following observations on them. Microscopic piaques of
FL cells infected with strain +CG, sho\\, ed that some cells with apparently normal
nuclei participated in syncytial formation and initotic cells in metaphase which
did not seein to play a role of viral growll} were sometimes also engulfed in a
syncytium. Giant cell formatioiT as the result of the primar\, interaction betweeii
virus particles and cells \\, as reported in detail by Okada at a1. (1958).

It is said that nucleic acids of virus particles 1.1ay an important role in initiatinu
virus reproduction. UV light destroyed the infectivity of virus particles, \\, hile their
an 1111y to produce giant cells \-\, as unaffected. Therefore the auent inducino giant
cell formation may I, e 13resent in a different portion of the virus particle ftom that
causing Infectivity, e. g. in the protein coat of virus. It is interesting to see that
the reproduction of such ail a. errt which is separal, Ie in its function from the
Infectivity of the virus particle is genetically controlled.

Genetical relationships I)etweeiT strains +GC, -GCr and -GCf Ilave not
been clarified and studies must be made on \-\, he ther -CGf type virus is a h -
brid type.

NII AND KAi\IAHORA



Finally \\, e \\, Quid like to discuss some roles of ITost cells in producing giaiit
cells after Infection. Syncytia containing several hundred nuclei are consistently
producecl on infected FL cells regardless of the Infective titer of Input +GC virus,
\\hile giant cells containing al)out telT to a ITUndred nuclei appear in L cells only
\vhei\ a higl\ titer of \, irus \\, as inoculated onto them.

This variation in response of L cells was first attributed to the lower suscepti-
I)11ity of L cells to the Miyama strain of herpes virus. Quantitative analysis of
the cytopathic changes induced IJy +GC \, ITUs showed that too 10\\, viral yields
were on tamed from infected L cell cultures to form syncytia. The earlier dis-

ruptioit of L cells than of FL cells after Infection Is regarded as another factor
lit inducing formation of smaller giant cells in L cells

CYTOPr\THIC CHr\\CES INDUCED BY HERPES SIX{FLEX \:IRUS
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Fig. I. Uninf. .I'd FL, "us (x 120)
Fig. 2. FL cells infected with a 111gh viral titer of strain- Gol. Eight hours after inoculation( x 120)
Fig. 3. FL cells infected with a high \, ITal tiler of strain- CGr. Six hours alter inoculatioiT ( x 120)
Fig. + FL cells infected with a ITigh \, it al titer or strain -CGf. Twelve hours after inoc Iaiion

( x 120)
Fig. 5. FL cells infected \\, ith a high \, iral titer of strain -CGI Twenty hours after Inoculation

Ix 120)
Fig. 6. FL cells infected with a 11igh viral titer of strain - CGI. Sevent hours arte . 'n I I' n

( x 120)

Fig. 7. Cytopathic changes induced by strain +CG of Ilerpes simplex virus ( x 120)
Fig. 8. Gyropathic changes induced by, strain - CGr or Ilerpes simplex \, irus ( x 120)
Fig. 9. FL cells infected with strain -GCf

Intranuclea^ inclusioit bodies of an oval form are shown.

Fixed \\, ith Bouin's solution and stained with haematoxylin and eosin. ( x 320)
Fig. 11. Uninfectedl. cell* (x 160)
Fig. 12. Giant cellformation on an I, cell ntonolayer 2 hours after inoculation \\, itIl strain .CG

( x 160)
Fig. 13. Giant cell formation o1, an I, cell-monolayer 2 hours alter inoculation with strain .CG

Intranuclear inclusion bodies are not showiT in these giant cells. ( x 320)
Fig. 14. L cell monolayer. which was incculaled with \, iral dilutions of I : 3 as shown in ex . I in

Table 2 (x 160)
Fig. 15. L cell monolayer \vlTich \\. as inoculated \viLh viral dilutions of I : 32 as showiT in ex . I in

T, b1.2 (x 160)
Fig. 16. L cell monolayer which was inoculatecl with \, ital dilutions of I : 32 as showiT in ex . I in

Table 2

All cells inve intranuclear eosinophilic masses in their ITUclei. ( x 640)
Fig. 18. L cells infected witlT tinirradiaied +CG virus

Eigltt and a half hours after inoculation ( x 160)
Fig. 19. L cells infected with unirradiated +CG virus

All nuclei show intranuclear changes. Eight ancl a half hours after inoctilatioiT. ( x 640)
Fig. 20. Syncytiallbrmation OIL cells oninoculation with +CG virus, mactivated byU\,^orlnTin

Eight and a half hours after inoculation ( x 160)
Fig. 21. Syncytial of L cells on inoculation with L CG \, irus, mactivated b U\I for I min

Eight ai, cl a I, air hours after inoculation. No nuclei show intranuclea^ inclusion bodies
at 111is stage. ( x 640)

Fig. 22. Giant cell formation o11, cells o1t inoculatioiT with + CG virus, illacii\, atecl by, U\' for 3 min.
Eight and a half hours after inoculation ( x 160)

Fig. 23. Giant cellformation in an L cell monolayer on inDCulatioiT with +CG \, irus mactivatecl by
U\; for 3 min

Eiglii and a half ITours after inoculation. EOSiilophilic masses are It o1 seen in then
nuclei. ( x 640)

Fig. 24. A focal degcneration in an I, cell monolayer caused by a low infective liter of the XIiyama
SITaiil of herpes virLis ( x 160)

EXPLANATION OF PHOTOGRAPHS
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