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Three r~diometric techniques were investiga ted for monitoring the ef fects  of
terpes simplex virus type I and II and cytomegalovirus on the metabolism of h uma n
~mb ryonic lung fibroblast (Wt—38) monolayers . The study was based on the hypothesf ~that ( 1) early metabolic effects of vi rus on the cell culture can he used as an
Lndication for the presence of virus ; (2)  the s p e c i f i c i t y  can bC’ achieved by neutro
Lization of virus effects  wi th  spec i f ic  antiserum ; and (~~) r ad iomet rj c , techni que ca~e used to measure these metabolic effects  of virus .
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• lucose o • tj on by infected and uninfected cells was measured by the out—
put of C-l4 02 using Bactec; DNA synthesis was monitored by 8—3 thymidine in-
corporation su.red by liquid scintillation counting or by 1-125 iododeoxyuridine
incorpora tion measured non-destructively by gamma scintillation coun ting. Radio—
metric resul ts were compared to those obtained from visual examination for cyto-
pathic effects in the same cell line . Herpes simplex virus type I inhibited glu-
cose oxidation by WI—38 cells. Herpes simplex virus type I and II, and cyto—

• utegalovirus stimulated DNA synthesis by WI—38 cells. These metabolic effects were
observed before any signs of cytopathic effects and could be neutrolized with anti
serum. These radiometrjc techniques for detection of viral effect on cellular
metabolism are simple, objective and quantitative.
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IWT~~DUCTIOt~

Direct laboratory isolation of virus is i~~ortan t for the under-

standing of clinical and •pid.mioloqical characteristics of viral

dis.as.s (1 2). Al though there at. many techniques tot th. detection

of viruses (1,3), clinical diagnosis of viral infection continues

to be difficult and impractical. With the promis. of a.ntiviral agents

for the treatment of vira l infec tion (4) , the importance of ear ly

diagnosis and identification of th. virus becomes more apparent. Radio-

act ive tracers are among th. most sensitive substances d.tsctabla by

modern technology . Recent effort has focused on the development of

radioi unoassays for the quantification of viral anti qens and antibodies

(5-7). Pew studies have been done utilizing radio isotope s for the

assay of biologically active viruses (8-10) . Our studies are based on

the hypothesis that 1) early etabolic effects of virus on the cell

culture can be used as an indication for the presence of virus~ 2) the

specificity can be achieved by neutralization of viral effects with

specific antiserum ; and 3) radiosetric technique can be used to measure

these metaLolic effects of virus. We have studied the detection of

herpes simplex virus type 1. (UV—l) , type 2 ( HSV-2 ) and cytomegalOvirUs

using thre. differen t techniqu es (11-13) . The results of these form

the basis of this report.

MATERIALS AND METHODS

Cells. We planted WI—38 cells in the 20th to 24th passages (HEM

Research , Inc., $~ ckvil 1e , Nd.) at a concentration of 100,000 cells/al

in a total volume of 2 ml • The cells were grown 2-4 days as stationary
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monolayer. in Eagle ’s basal medium, consi sting of Earle ’s base pl us

10% fetal calf serum , 25 WB herpes buffe r, and 100 u n i t s  of po tas s ium

• penicillin C, 100 sig of str.ptomycin, and 100 ~ag of kansaycin par milli-

liter . Cells wer, then changed to Niniaml Essential Medium Zaqle

(*dified ) with Earl’ s salts (Plow Lab.), 3% fetal calf s.rum and anti-

biotics (NE1B97rC3 ) ,  and were used the tel lowing day.

The glucose oxidation method used sterile 10-m i serum vials with

rubber liners (John ston Laboratories , Cockey.vili., Nd. ) and aluminum

airtight seal. (Wehaton Scientific. Miliville, N . J . )  for cell cult iva-

• ti on, the vials being incubated in a horizontal position at 31’C.

The ~H—thy iiidine inco rpo ration technique utilized 1 dram cultu r e vials

(Wheaton Scientific , Millvilö. , N . J . )  contai ning 0.5 ml cell suspension .

Culture vials routinel y yielded 1—2 x 10~ cells/monolayer as deter mined

by di rect countinq in a heaaocyto..ter . The 1251— I dU inco rpor ation

technique used 16 x 125 me glass cultur . tubes (Cornin o Glass Works ,

Corning , N .Y. )  containi ng 1 ml cell suspension . Cultur , tubes yielded

app roximately 3 .7  x l0~ cells/monolayer.

Virus  stock. A ~ J t i  Cf lt  i t ;O I t t  i ’ . i I1SV— I WJu oht t i ned lien t h~ • 1

Hopk ins Hosp i t . t l  V i i  o l e l ly  1. i l i i i t . i t o ry .  ~ t o1 k v i r u t ;  w,i ; 
~‘i i ç i . tred i i i  W I —  t~

fl~.)flO 1 .l’y’t’ rs m.t inta t nod on 1:aq To ‘ tt  m i t t  im.i I O O t . t ’ l i t  I .1! med inn . t i  i i i ’ ‘

b~~~e plus 3% let .t I c~~I I serum w i t h  b u f fer , . t r id  ~i r i t  I li l o t  I ‘.‘ os I i  ~;t ~‘d

The v i r a l m~i ter  i .i I wa~ frozen and thawed t w i ’ t ’ dfld t hen :; t o ?  ed it  —

The stock was sterility—tested and ~it;i~ tyed for qi Ik’0121’ eont’ en tr a t  ) O f l .

The titer was de term i ned by tube t i  t r a t  ion in  W I —  1H ct , and t h e  50%

endpoint was ca lcul~~t~ d by th e  mt’ t h i i I  0 1 Reed and Mtu ’n eh ( 1 4 )  • y i e l d  i nt~

3 ,200,000 ‘1VID~ o per 0 . I ml . Tub e t i t  i t t  i on wat ; Oil  f I rmod by p laq ue
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assay (11) , which y i e l d e d  7 m i l l i o n  p l a qu e — f o r n i nq  u n i t s  per 0 .1 ml .

HSV-2 stock (MS strain , ATCC 540) was prepared in a similar manner

w i t h  a t i ter  of 5. t~ x /m l .‘rc
The AD-lI~ l strain of human cytomeqalovirus was ob t a ined  commerc ia l ly

at an i n f e c t i v i t y  t i t e r  of 630 ,000 TCID
50 

per ml , and was main ta ined

at -60°C u n t i l  used.

Glucose ox ida t ion  system. Serum vials c on t a i n i n q  preconfluent

monolayers w i t h  over lay  medium removed were in fec ted  w i th  0.1 ml of

v i r us  stock • at a v i r u s — t o — c e l l  r a t i o  of approx irn a t ly  10 . U n i  n f e c t i t

c o l i c  received 0.1  ml of an equa l i zed  glucose  s ol u t io n  ! re1 1rl~d i i i

E a r l e ’s basal s a l t s .  V i ru s  was exposed to t h e  cc l  Is to ?  t O  mm at  17°c

w it h  m i l d  ag i t at i o n  a t  15—m m i n t e rva l s. F o l l ow i nq the  adso rp t ion

period , 1.9 ml of low—qlucoso m a int e n a nc e  medium ( i .t .  , the m a i n ten a n c e

medium w i t h o u t  t he  u s ua l  0 . 1 %  glucose) p lus 4 UCi (60 mci/mM ) of

glucose ( Ainersham/ searl t ’  Corp . ,  Ar l i n g t o n  H e i qh t s , I l l .)  was added per

v i a l .  All  v ia ls  were prepared in q u i n t u p l e t .  Background con t ro l s  con-

sisted of an equal volume of 
14

C- lahe lpd  medium wi thout  c e l l s  or v i rus .

Measurement of glucose ox ida t i on .  The 
11

C0 , j u o 1;lce ~ 1 by c e l l u l a r

metabolism was measured with Bactec R—301 (Johnston l aboratories , Inc .)  .

The 14
C02 p rodu ced f r om 14 C substrate in  t he  c u l t u r e  v i a l  was f l u s h e d

into the ionization chamber through two needles inserted in the sept u m

and measured as ionic current .  This measured radioactivity was expressed

in inde x uni ts  ( I . U . ) ,  where 100 1.13 . 0 .025 p Ci .  The a tmosphere in

the vial was replaced with  10% CO
2 
culture gas. The 

14
C02 

production

from infected and uninfected cells was mon itored at 2, 4, 6, 24, 4B , and

72 hr after the C—labeled medium was added .



N u c l e i c  a c i d  synt i i e s i s  s y st e m . St i t  i l t i r y  no!1o1ay T~ ; W i t  i nf e ct e d

.c~ in tJ ~ t’ q i ; i ost o x i d , i t  i on  s y s t e m .  on — t e n t h  m i l  1 1 1  i t t  of phos 1 )ta t e —

t u t  t e n d s i l  m e  (P B S )  w . t s  t i l l t o  t h e  t i m i l t i t  c t - I  c n t  i i  t e l  i s .  A f t er

the’ i t s ; r  1 t  i i i  per iod , •~~~ ml ot  ma~~n t . ’ t i i ; ; ’ ’ m e d i u m  }‘ 1iF . 1 is ’i of I I —

met  hv I t . hymed tue ( 5 2  Ci rnM t or  ~~~~ , b — i i t  i l l  u t  ( 1 1  C i  mM t ( Am on : ;ham /

‘.,-a ~~le Con 1 .1 was t ided to c i i i  in  fed e l  o i l  - i t t  r i  c i a  1. B a c kq r u u nd

co ut  r s i~ corn ; t~~t - 1  at ’ equa l ount  of ~t l —  I l l - I - i  m e d i u m  w i t h o u t  ccl I s

or v i r u s . Al l ,  samples were  1-r - 1 irt i in  dup i l i t ’ and t a k e u ;  f o r  measure-

ment , a t  1 , 2 , 4 , and t hr  ~ f t  t n  i n fe c t  ion .

Vi  r al  t icu t r i  1 ; ~~ i t ion  t is-i I wer e  l e r form e d  as f e ll ow s : hei ’i e s  si mp lex

hum an immune serum (F l w  l ab ora tor  i t S , l~o k v i  l i t - , M d . )  W i ;  h e a t —  i i i—

~Ict  iva ted  i~ rf ~~ ;’ i n  );) m i s , m i x e d  w i t h  an e~~t iai  amount  of t h e ’ v i  t in ;

s t ock , and i ricuha t , t l  at  37 i ’ fo r  i- I) m i i i , ,i,~~3 t h e t i  C) .2 ml el the m i x  t U t  t -

was ’. nec;i l i t  c i . Samp les were aesav d a t  I , 2 , -1 , and ( hr 1 ft e r  in f e c t  ion .

V i r u s  stock was I i  l u ted  in  ma i n t ; na nce m e d i u m  to costa in  1 
~~1;)

quan t i t ies  t or do se— response LI l t ct -m i sa t  i o n .  Then , 0 . 1 ml of the i l

pr i at e  d i l u t ion  was added per v i a l  , an d u n i n l t ct e d  con t ro l  ccl  is re-

ceived 0.1 ml of ma in tenance  medium . I n tb I s Ir o l i l  of  exper j ments , t h e

c e l l s  wi re cu l t u red  ii i  one—dram v i a l s  ( W h e a t  on ~~~
- i i i  t I C I L i  • v t e l l  i ito

40,000 cells per vial a-i compared to 4O~
) , i~00 ce l l s  I t ’  v i i i  i n  p r OV~~ OtIS  

. -

e x p e r i m e n t s .  Samples  were p i epa  red in tr  i p i t  c i t i  and i s - i iy e d  5 hr  i t t  ci’

infection .

u — t ~~y !nidine incorporation t t c h r i  J,lic . Measurement  of 
311—th y m i d i i i t -

incorporation was performed as follows : c o nf lu e n t .  monoiayers wi th overlay

medium asp irated were i i t f e ct  ed w i t h  0. 1 ml of v i  i n s  st o c k  or ~ iis p e&-t ed

v i ru s  i n f e c ted  material . Un in fe ct ed  -ont  t’o l eel Is i ece iced 0 . 1  ni l ‘i ’

V. _ _ _

~~~~~~~~~~~~~~~

. ~~~~~~~~~~~~ .
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MEM 7
F’t ’ . l i i oc t i l at e d  it - lis w er e  i n i - u l . t t , -d a t  f / i ’ t i  n i l  m i s , Ca l  l o w - I

by add it i L i t i  ot  0. ‘ in I ‘ v i a l  et  ~~ M07 F~C co n I i i i ;  i i i  i b i t ’ I of lb — tn , - t  buy 1 —

t.hym id iso ( 4 S C i  ‘mM , Ante r shaui ~Sear 10 ; ‘ i l l  . , A t  I i n n  I ‘ i t  I be i thi t t ; , I l l )

The amount  1 
3

1 1— t h y m i d i n e  i t i ; .or io r ~t t  e l  l v  t h u  ‘ - 1  i i ;  Wa: ;  measured by

l i q u i d  s c i nt  i l la t i on  count  l i i i .  A t  the I - i ;  i i t n j t  ed C l in t , h~~he l ed

medium wai t  aspi  r at  i’d and the rem~i i n  t n t  cc I 1 n - t ie l~i V I I  W . i - ;  w i  - I ted t w i ’

w i t h  2 ml  M1- M 1 , i’\’ . T h i s  i t  o - - ~h i i  , t eiitov~- 1 i i i  t h e  e x t  i i - l i s L e  t

a ct  iv  i t v  and h I  not  d i s r u p t  t h e  mono l t o t  . C i  l’~~~~l t  t h e  w i shed v i i i - -

were dis1 - ,t r1ie - l ,iiliI v i a l s  i - l ac e d  in  2 0 — m i ~ la ss  I j 1 t i i ( j  s; - i n t  i i  l i t  ion

v i a l s  (Whie , i t on  s c i e nt i f i c )  t I h - w t - h  by t h e  a i d i  t i - i ;  t I i  m l  i t  l it  i ‘ c

eel u t  ion .  : a:ni- I c - : ;  we ’re count  oil w i Ut a ‘j ’ r j — ( ’ i i I  i ; -  i n C  i I li t  i s i t  -; ,~~~t i  omt ’t ’ i

~~ de 1 100 1 ( t ’ i1-ka rd  [ ii : ;  t’ru me-n t i ’i .  , Powt iers  -t - - , I I l l

I — T i l t  i ncorj ’or ,it  t o n  t t ’ ’hmu ~~tie . Con I l t i e t t t  mon I t v - i  ‘ ;  w i t h  ‘vei l av

m c-di ’i tn  ~ic ’ t i t t  - I W e t ,  i n f e c t e d  w i t h  0 . 1  ml ‘I v i  I ’l l : ;  5 t  - ‘k i t  a v i i  t n - — I ’—

ct’l l  r a t i o  of _ i~~ - t x i r n a t c l y I .  C n e — t e - n t h i  m i l l  I I  i t e r  ~l MEM PC .1 w i t ;

idded to us i i i  f e e t  si 1-ont  t~~’ 1 ~~I I s  . A f t  e’i t h i ’ t O  m i i i  tdcorp t  ion p e r i o d ,

- ‘ - 12c
1 ml of MFM )7 FC ‘v i , i l was added • I si I ew~- i  by I t iC i 01 i— I — t od deoxv  —

ur  id  t Ilt ’ ( 200th’  i ‘mM , NOW t ’n ~ l and Nuc I t - a t - , h o:; t o n , M~ f i i i  0 . 1 ml 
~~~~~

tube’ . Cc l i~; Wor e  i u i c i t ha t  ~‘d at  37 ‘C. Pre’ 1 imi t i l t  V e xh et i un cu t  s i t i d i  - i t  1

lo~~’r spec i ~ i c ac t  iv  i ty material i h i d  not  q i v -  su i t  al l e s -in ;  i t  it’ i t  \ l t ’Vc 1:.

I ”  —
The amount  of I— tdU i t t -~ i-~ - ’t ’ it  e’il l v  t h e ’ cc ’ 1 1 s w i : ;  measure- il h- v naurvn a

sc i n t i l l a  t ion cOUfl t i n t  . At t h e  doe i ~~t t at e d  t ime , 
I I — I abe led med i um w a ;

decanted , the r em a i n i ng  nasal ayer  washed tW i - c  w i  I hi 4 ml of  MEM t~~ • 1 ml

us L ab e led  me - il i urn added , and tubes - s h u t  ~- I  w i t  ii a A n t  0— gatnm,i  sc m t  m 1 l , t t  i - i t

s1- (’ - t r’om(’tet- dcl  “ t ~ t t  ( Packard lu s t  t t i n em i t  ~‘ ‘ .)  . T u b s - -  w, - t  t

by addition of 1 uCi 0. 1 ml 1— I II! • and n~- i n ~- m 1- ~ 1 -d nu t  il t ime t~~t

subsequent measurements . Sani b - l e t ;  wet , - Pt ‘l i t  ~-d i n ~1 t i i t t t  l u - l e t  and t o h i o —

.ii ’ t i ye measurements  ib t a i ned at  i-  , -
- -I , l i t  , .t t i l  ‘2 h i ’ i f  l e t ’  t t t l  c t  i i i

- ______________________  

,
~~~~ ~~~~~~~~
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Doso r e sponse  d, - to u—minat ion was pt -i t O t O l l  US i i  I V  I ot is  lv sl i t  c d ,

i xcet’ t samples we re’ pre lia m i - -I in quin tup let - \‘ i ia 1 tn-ut ra i i - . i t  I l i l t  t ~-s I ;

were  pe’r forme -d as prc -v l i u s l \ -  ~lc:n m t h t - cI t h - o v ~ us i n n  I t  ‘ I  i t;  : ; u i m t p l ex  ht u inami

i mmune serum ( F l o w  I ,il-

h - : x a m i n i t  ion  Cot’  i’ytoj-ath; Ii ; - f f e - t  s.  R a d i  1’mus ’ t  n1  t e c ’h t i i 1 it uc : ;  f 1 -i v i r a l

he t e~- t ion Wi -r i  coni~ - 0 i e d  w i t h  v isu a l  de’ t c -ct  j o l t  -f  h i  5Cc) 1 eli i c i l  evidence

of cell  damage known is cy t o p i  C h i c  t f f t - L -t  i-i ( 1 ’PP) i i i  t -orr es}-ondi  nq t es t — t u b e’

mono l ayers m a i n t a i n e d  in t r ij - l t c a t e .

S t a t is t i cs . ‘rhe ca l  cu lj t io n  of st  i t  is t i cal  s I liii i t jcaflc’c was Isi :u-d

ott  i ’ i i  r d i  I~ft - reset ’:; ( 1 c

R t-:S ULTS

E f f e c t  of IISV- 1 on glucose oxida t ion .  The e f f e c t  of !ISV—l on

glucose o x i d a t i o n  by W I — 3 5  cells is shown in  ‘I’a blc  1. As cai- 1~ ’ as 2 hours

a f t e r i n f e c t i o n  Ch i ne was a s i g n i f i c a n t  dep ress ion  of glucose  o x i d a t i o n  
- -

by cells in fec ted  w i t h  U SV- 1.  This e f f ec t  was observed l&~ hours before

visual signs of CPE . The de ’qre ’e of th~ i n h i b i t i o n  of g lucose ox ida t ion  by

HSV— l in fec t ion  continued to increase up to 72 hours ( 17% at 2 hours and

43% at 72 hours) .

Effect of HSV—l on nucleic acid synthesis. Table 2 shows the effect of

HSV—1 on DNA synthesis by WI-38 cells. In virus-infected cells there was j -

a marked stimulation of DNA synthesis: at 4 hours after infection, there

was a fourfold stimulation . This was at least 14 hours before any signs

of CPE were visible . In contrast, HSV-l had no effect on RNA synthesis

by WI—3 8 cells (Table 3) . Thus, the tremendous stimulation of DNA synthesis

by this DMA virus was not accompanied by a comparable stimulation in RNA

synthesis.

--‘-“ - ‘ ---~~~~~~~~~~~~ -~~~~-~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Adding 10 ,000 bacteria of three different bacterial species (Staphylo-

coccus epidermidis, Pseudomonas aeruginosa , and acinetobacter calcoa cet-i cus

var. anitraths) to each sample had no effect on the DNA synthesis of in-

fected or control cells .

Effect of viral neutralization with specific antiserum on DNA synthesis.

Neutralization of HSV—l with specific antiserum resulted in complete elimina-

tion of the stimulation of DNA synthesis observed when HSV—l is present alone

(Fig. 1) . Antiserum alone had no effect on DNA synthesis by WI—38 cells .

Neutralization of virus with antiserum was confirmed by the absence of CPE

over a 3-day period.

Effect of various numbers of HSV—l on DMA synthesis. In order to determine

the relative sensitivity of the nucleic acid synthesis system, various nun-.

bers of virions ranging from 10 to 3,200,000 TCID50 units were tested. Since

preliminary experiments indicated that an increase in the multiplicity of in-

fection by a decrease in the number of Wi-38 cells increases the degree of

stimulation of DNA synthesis, moruolayers composed of only 40,000 WI—38 cells

were used for this part of the study. As shown in Table 4, a significant

stimulation of DNA synthesis by WI—38 cells could be detected with 10,000

viriorts at 5 hours af ter  infection .

Effect of HSV—2 on 3H-thymidine incorporation. In order to see whether

HSV—2 also stimulates DNA synthesis , its effect on 3H—thymidine incorporation

by WI-38 cells was studied . As shown in table 5, HSV-2 (5.6 x l06,~~I
)

stimulated 3H—thymidine incorporation by WI—38 cells. In virus-infected

cells , there was a 2—fold increase in incorporation beginning 2 hours after

infection, proceeding to 4-fold by 4 hours and ~-fo1d by 6 hours.

Effect of varying numbers of HSV—2 on 3H—thymidine incorporation. Relative

sensitivity was determined by addition of decreasing numbers of HSV—2 virions 

- - ‘  ______
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~anqing from 10
6.8 to ‘0I’DI~ 50 

doses . A: shown in Fig. 2, the level of

sensitivity is a function of time , and by 72 hours a f t e r  i n f e c t i o n  even an

initial inoculum of 10 viriolus is detectable. Attempts to distinguish

between type 1 and type 2 have failed due to inabi l i ty to obtain non-cross—

reacting antisera .

Effect of IdlY pretreatment on 3Fl-tl i din e in co~j~~~a~!on . I t  has been

reported that  5—iododeoxyur id ine  ( Id lY )  f-otent i tte :; the in vitro r e p l i c a t i o n

of several unrelated RNA and DNA viruses (16) . Thus , the e f f ect  of pro-

t reatment  w i t h  IdU on 31{—thymidine incorporation i~ IISV—l infected and Un-

infected Wi—38 cells was investigated to determine if dc L ec t i -~ time and/or

sensitivity could be improved . WI—38 cells were j’retre-a ted with 0.5 ml of

IdlY (10 ug/mi) for 4 days. After remova l of Id lY ,  cells were infected with

HSV-l and 3H-thymidine incorporation was determined as before . No significant

effect was observed (data not shown)

II SV— 1 infected mouse brain model. Expe r imen ta l l y  induced II SV— l enceph a l i ti s

in weanling mice was employed to ascertain if  the 311—thymidine incorpora t iot -i

technique has an~ possible efficacy in the detection of HSV in clinical speci-

mens. Radiometric measurement of HSV—l infected and uninfected mouse brains

by 3H-thymidine incorporation by WI-38 cells is shown in Table 6. significant

incorporation was observed with mice exhibiting minor to severe symptoms .

Increased 3!-l—thyinidine incorporation was detected approximately 1 day before

visual signs of CPE with material from mice with minor symptoms. Uninfected

mouse brain homogenates had no effect on 3H—thymidine incorporation .

l2S - - 3Effect of varying numbers of HSV-l on ‘I-IdU incorporation. The H-

thymidine incorporation method is a disruptive technique , since additicn of

scintillation fluid terminates the experiment.  Thus , it requires multiple

samples for measurement at different time intervals . The available quantity
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of a clinical specimen is often insufficient to allow multiple samplinqs .

Therefore, the incorporation of 1251— IdU , a thymidinc analogue , in to  in-

fected and uninfected cells was i n v est i ga t e d .  l2S i i t ;  a gamma emitter.

It  can be counted non—destruct ively  wi thou t  t d d j t i i ~~i of ; c i nt i f l ,u tj o i ;  f l u i d ,

allowing repetative measurements on the’ name sunp le’ . P ig .  1 shows Cite dose

response e f f ec t  of IIsV— 1 on 12 ‘
~~ — I d U  i t; - -or~s) t - o I I ott by W I  — 3 0  eel is . lnc -t - eoned

i nco rporation was observed ~ hours ~ f t em liii i-c t jolt W I U; lO~ -.106. ~ 
~~~~

(p 0.00~ ) , 2-i hours with l0~ virioli ;; (p t i .H ;) ’ i t , -l It hour :; wi Cli  lO t v i i  i t - h :;

(p 0.001) , and 72 hours with io~~io 2 vi l ion ; ;  ( i  0. 01 , p ( ‘t .HO ’ ) . Th e- : ; , - t , i t l j o —

metric meauuremc ’n t ;; we re’ not always more ’ r ap id  that ; t In ’ g i i  n o u n - c - of ea r l y

signs of ch ar ac t e r ist i c CPI-: (f ’ i~ t .  I )

Effect of v i ra l  netu t r al i za  Lion with i mmune~~~erum on ’25 I - T d U incor ~~~r at ion .

Neutral izat lot ; of varying numbers of I I SV —l  wi  H; hum ,ii ; immun e-  st - run t  rt ’su l ted in

complete e l  I mi n a t i o n  of the i t i t -r i - a n o t i  125 r_  I dtJ i hucorpol -o  t i  on oIt~ e t V si when

Iio v— 1 alone is present (Fiq .  ‘I . Immune serum a l o t t e  d i  -1 not i - l i t ; ; , - t iny i t t —

crease in i ncorpora t lot ; . V i ra l  n eu t ra  i i  z at i o n  won cot; f i  rmod by t I s ; i -t ; i - -  o f

CI’I: over a 2 week period .

Si nec’ the aVa i l ab i l i t y  of WI —38 t ’e’ 1 1;; i t ;  u n c e r t a i n  a t  preset ;  t ( 1 7) , ~notht’

well characterized h uman embryonic lung lTibre Iil ant te l l l it uc - , Ml~(’—- , watt

evaluated. Simil. ;r results w,’t t ’ obt~tined w i t h  IIS V — l i n fec t e d  MRC—~ ti - I is.

~ ometj~i1 ovi rut; o~j~yriment : Figure 4 ~iuow ;; t l i t  e f f ect  of (‘MV oil f ~l I J

thymidine i ts  ‘t n-i  ‘era L i  ot; i n  WI —38 c j t ’  I I ; ;  whet ; a v i  t , i l  i t ;e ;e’u I tim o I I i  , 000 ‘IC!

was used . In vi  r im —i n fected c -oil ;; t I I ( ’ ; e ’  w a t t  no I q t t  i t  i e ’~ m iL e I t i - c t  ~m t  24  h i o i m i ; ;

after i n fec t i o n , but the re watt a marked st i mu ! at  ion  of ~) 1 I t hy m i  d i np  upt - .ik .-

,ifter 48 hours .

Table 7 summa r .I zes the t 3u thymiel irs ’ I ticorlie i~~t t Ion by co i l s i n  fected w i t h

various concentrations of CMV . The numbers r i -p  t o n i ’  n i t  ~-~- t ~~-” m i t  a i m , -  up t ake  in

J
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infected cells compared wit) ; unin t c ’ct ed  con t ro l  c ’t ’l  is (100%) at ,‘.mcli vi iaI

concentration . Siqn i  f iea n t  s ti m u l a ti o n  was noted  w i t h  1 , ( ) t ) ; )  ‘Pt’! Di ) t )  -~~~~ t u i ; c t r : ;

af te r  in fec t ion . When CMV inocula of 100 1V1fl 50 ot le~~u ; wo re u sed , no

s ign i f i c an t  s t imula t ion  was ob~ otv~ d e v e n t  o t t e r  72 hours .

P ar a l le l  experimen ts were per formed t o  eomj -~t ro  t h i s  radiome t r~ ~ - method

w i t h  microscopic oI;nc’ eva t ion of cytopathi e c-I feet;; . As shown ii; T~ li It ’ H , at

a h igh  in feet I vi ty ( m -  3 , 000 ‘irJI) 50 ) Ci ’E watt noted a;; ‘ a m Y  y a;; o t u i -  clay , m ft~ r

tt;tectjon , hut siqni fi t -ant I th y m i d i t;e  uptake W I;; not observed tint ii the

;;econd day . ‘Ph is  c~ot ; t ; t ~~ t ;; w i th the re’Sth It :; of a vi i-al i fleet; I urn of I ,000

‘PC 1050, which showed s ign i  If cant  i i;crc’,t;;e’ in I ~U I t l iy t t i i  ditto I tucot -~ -orat  I Ofl

2 day:; after in to ct - i  o tt , wlu ~- re~ms Crt-: W~~5 t i o t  ol i - ; I ’ I V  ‘d ut ; t i I the fourth ti _ my

At v i ral  colic -on tr a t jot;;; b~ low 1,000 ‘PCI ~~~ 
, no St i tnu l  at  ion was s t-oh ;  t ip t o

4 day;;, atid no i’PE was t ;ot t - d  tin ti 1 0 days a fter Ii; ft’e I l o t ; .

DISCUSSION

The dat~m suggests that radiometri c measure ments 
—

c ’ t  t he o f f ~~e’ ts of llSV on DN~ synthesis by cu.l tured cell: ; cat; I ’e ’ t t ; ; t ’ ei , t : ;  a

cluanti tat  I vt’ and oh joe t i Vt’ assay tot the act i ye V i  i- Us . ~
; liec ’ i t  I c ’ I t  y c l i i  Dc’

af forded  by neu t ra l i za t ion  of the virus wi tl ;  i mmune’ serum . Sen sitivity it ;  - 
‘ 

-

time—dependent with an initial inoculum of  10 vi rions tie i ni~ detect olil ,’ by

72 hours a f te r  infection. These measurc’rnet;t:; are’ . tt  least as f a s t , i t  net.

more rapid than the appearance o f cl ;aracter i  st I — - c’yt ~~1c ~t t  1; ic effect . The —

thymidine technique was shown to be effi cacious for the assay of HSV-1 in

infected mouse’ brains . Smit.h and Melnick (18) have’ i-~ poitt’d that the con—

centratj on of HSV i t ;  vesicular fluid ra t mgt ’:; from I x I H ‘ml  ~~ 1 x 1010 tnt

Thus, it is poss lb  le to de’ta’e t- HSV from ye;; I e l i - f Lu Id wit !;  out t ad  i out t - I t  i i-

technique in a few hours.
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- The 1251— IdU incorporation t echn ique  has di~~t i t t t t t  advantage s over the

- 
- 

311-thymidine technique because it is non—destructivt- , thus allowing repeated

measurements over extended periods and requiring a minima l t i t i a n  I i t  y of

samples. IdU is known to incorporate into l)NA i -i f  m~unm~iI iat ; i -el i s ( I ’) )  ,ti ;d

into viru8es (20) . It has beet; shown to exhibit diverse effect.s f t - urn i n —

- hibition of cancer cells (21) and viruses (22) to enl;ancernet;t of t - - p l i e at  ion

of unrelated viruses (16) ,  conve rsion el then—p ermis s ive ’  eel Is  to a pe rmis s ib le ’

- state (23)  and ac t iva t ion  of RNJ~ ( 2 4 )  and DNA (25) tumor viruses . The tadjo-

t;uciiele ‘25I 1dU has beet; employed i n  assays for tumoi- eel ls  (2b )  and ~• e l i —

med ia t e d  cytotoxiel  ty ( 2 7 )  , and may exl;i.bit eel I t o x i c i t y  ui;der cer t a i n  cot;—

til t ion ;; (28) . rn  this study we ;;lteiwod that . ‘i— ldt t i t t i t ; h t  aloe Ii i ’ employed

- ~ ~1S a simp le, quantitative and oh ~,‘et ye a:;:;ay 01 1)Ni ~ v i  run such a:; I t t - h - I - e n

s implex .

The early i n h i b i t i o n  of 14
C—l—qlucose ’ ox I c i i i I c i i i  t i \ ’  I I S V — l  i i ;  WI — t~ t ce’l I s

has not been previous ly demonstrated. ~~t - tve:; ( I  “1 , ut 1 1 1 ’  i ne~ m p01 ioV l  rus —

tlol , . t  — ce I i  sys tern , watt  unab.l e’ t c- i  ii, ’ t i- i - t any (‘I lee I Ofl i J l i i i  o~~ e’ ox i d a t  j ~ t i .  ~~ii  i

method of measuring glucose ox ida t ion  by m oth I o t i  no I 
~CO m e l  ,‘ m : ; t ’  w il l ; at ; j ot ;  — 

I 
-
~

I zat. ion  chamber has the advantages ~ t be i ng t ic - i t t — cl, - ; ;  I i t t e t  t vt ’ and c i t  a t  low i ng

repeated sampling f rom the sam e-’ vial e-,ve r ex t  - itcl rd pt i i  oil;; - h owever, tJ;i’

presence of a r e l a t i v e l y  high c -emt ’ ’ m h t  t a t  icm i - i f  itlni -ost’ in l -iele i i j c fluid ,

such as blood, ~x-st’s a practical i’ m ~b loin, Si t;ei’ Liii ;; nomil ab lcd c~1 t t e ’O;O’ WOU id

I - 14compete w i t h  C—glue-one for ox idat ion .

- Radiometri c eI~~t c - e l i  em ; of IISV in cc’ I I cut ture .ms shown i n  th is  :; t t idy

depends on the met -mbol .1 <’ e f f i -’ct t ;  ol virus , a I t-hougi; t hi’ nit-I abe l i i -  o t t  i ’c t  :

viruses on cell cu l t u r e s  art’ eleot’iy re i ,ited to t h o t  i e y t o~I.l ’ m ; t i - ~ f l e c - t  , a

dissociation of I hi ’si ’ two effects  may eu -cur. The’ elf i eac -y ~ - those ;,tdIe -i—

metric techniques in d iagnos t ic  virology , t i ; i i  i n  moni tot - i ntl t t O i t c - V t  o~ ’t  I I t  I - -

11
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viruses and viruses which do not multiply in cell cultures, awaits further

evaluation .
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TABLE I. EFFECT OF HSV.) ON ‘4C.1.GLUCOSE OXIDATION BY W1 31 CELLS

Tin,. aftar inf.ctjon (lir)

2 4 6 24 48 72

Coetv.1 5$ ± S 226 ± 36 438 ± 74 1.222 ± 203 1 174 ± 253 2,310 ± 253
HSY-1 44±8 173±33 326 ± 33 720 ± 125 1 078 ± 16$ 1,322±117
% Coned 83.4 76.6 74.4 39.0 375 57.2
p vole. <0.01 <0.01 <0.005 <0.01 <0.005 <0-005

Tb. ,.svlts or. .npnusasd as aeon ± standard my., (hid.. units) of t I’. cumulative “CO. production. Each 01 tour .s~s,i-
m.nf, wet don. in qolntupl.t and lb. result , we,. av.tog. d. Tb. nuab,r of Wl-3S c.II, used was 300.000-400.000. and It,. quo.-
Sty of HEY-I was 3.200.000 TCIDa units.

-
. TABLE 2. EFFECT OF HSV.1 ON DNA SYNTHESIS BY WI.38 CELLS

Tim. .1 tsr inf .ctio n (hi)

I 2 4 6

Control’ 2.95$ ± 67114) 3.700 ± 447 (4) 5.111 ± 685 (5) 7.245 ± 720(3)
HEY-i • 2.719 ± 419(4) 8.34 1 ± 1.930 (4) 26 .482 ± 3.392 (5) 43,395 ± 7.582 (3)
If. Control 94.3 225.4 455.2 597.6
p ~.l. . >0.5 >0.05 <0.005 <0-05

Tb. resu lts a,, eapnss.d as .,.an ± standard erro r (cpa). feth .sp.fim.nt was don, i5 duplicat. and lb. ruults averaged,
lb. numbs, in p wslbs.is indicat.v II,. numbs, of .np.nmsnts. TI,. numb. , of WI-3S asH, usud was 300.000-400.000. and lb.

~vonflly of NSY.l 3.200.000 TCID. units.

TABLE 3. EP~ CT 01 HEy-i ON INA SYNTHESIS BY Wl-31 CELLS

— 
Tim. efNv iofecf ion (Ii,)

1 2 4 6

Certlr.1 5,242 ± 2,475 10.086 ± 4 324 17007 ± 149$ 28,328 ± 11.4W
HEY.)’ 5.3-03 ± 2.503 10.15$ ± 4.610 20.274 ± 9.592 30,351 ± 13.603
S Control 101.2 IOOJ 119.2 IW.1
p suJu . >0.5 >0.5 >0.) >0.4

The results or• sipress .d ots the tam, bosis as in TabI. 2. Tb,.. slpSriasnfs a. ’, pSs4.rm.d.

TABLE 4. IFEECT OF VARIOUS NUMBERS OF *1EV-i ON DNA SYNTHESIS BY WI.31 CELLS
S HI AFTER INFECTION

lM.c$lvlfy (TCIO,.,/,a,n In ’

3.2X 10’ 10’ 10’ 10’ 10’ w’ 10’

S Control 844±79(3) 741 ± 12(3) 437 ± 65(4) 19$ ± 14 (4) 1 1 7  ‘- 17(4) 126 ± 7(3) 125 - I7(4(
p vo l.. <0.025 <0.001 <0.025 <0-01 >0.2 ~-0.2

Tb. results or .spasss .d as aeon p.rc.nt .4 control ± stond.,d erro r (cpa). Each •.p.,,m.n l wa s don. n t~iphc& ~ and th.
• results we,. .v.tag ed, numb r in poreisthes is i,sdicotss tIs~ numb ., of .speria.nN Th, number of WI-3S cells used was 40.000.

~

. ----= ~~---—~~ -- --- --—- ~~-— 
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c— W SV- 1

—eControl
x—’A9ttsefu m+HSV.1
I—VAoflssrsins

Tim. (lsr )

PIG. 1. Iltect .4 9EV-I ts utroli,ation by spes i5c human im-
mone ..rum on 044* aynffie,i, by Wl-36 culls , lath point ,epr.conts
aeon .f dup licat. samp les fran, typical e*peria.nI.

.s..~ to’ 
-

• 
too , 5- ,- ’

4 24 4S 73

Tin, . (tou,sl

hG.  2. E~ ecI of vary ng ns m b, -,t ot t~sv ~~~~~ as ( 7 4 )
f tsym id ine lncosp.’r&.os, by WI 38 crlIs k.s.,i15 ‘nv •spr.sss d as
p.rc .nta9e of control (co nt rol -

~ lO0%( tØ. I -t’l C-lI. s u ’ p fes los.
0 typ ~Cel .sper um ent . Nus.bsr at W l -3 f  (e li s i ted w os 100,000 .
Numbs, of v ir io ns used rongid from IC to 3.6 n !~~on TCt0.. . as
i~ dscat d
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