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^ ABSTRACT

The ^  v i t r o  v i r u c id a l  a c t i v i t y  o f  Kothoxal a g a in s t a  number o f  

DNA and RNA v iru s e s  has been re p o r te d . In  th e  p re se n t study,. K ethoxal

*I
was dhown to  possess  two modes o f  a n t i v i r a l  a c t io n  a g a in s t  th e  ENA v iru s ,i

'  ■ . '1
v e s ic u la r  s to m a t i t i s  (VS) v i r u s ,  in c lu d in g  in h ib i t io n  o f  i n t r a c e l lu l a r

I '  ̂ )
v i r u s  m u lt ip l ic a t io n  arid d i r e c t  v i ru c id a l  a c t io n  on e x t r a c e l lu la r  v i r u s .

When VS v iru s  was p re t r e a te d  w ith  p r o te o ly t ic  enzymes, namely fungal and

b a c te r i a l  o ro te a s e s ,c < -  and ch y n o try p sin s  and t r y p s in ,  th e  a n t i v i r a l
i

a c t i v i t y  o f  th e  drug  was c o n s id e ra b ly  reduced . The in f e c t iv i t y  o f  ■ 

K o th o x a l- tre a te d  75 v iru s  cou ld  n o t  be reg e n e ra te d  by t iy p s in  tre a tm e n t.

Exposure to  >S -  chym otrypsin , RIfeise,/ low le v e l s  o f  phospholipase C^or
/

th e  chem ical a g e n ts . Tween 20 o r  NHpCü.Hd, d id  n o t a l t e r  VS v iru s

' ' \ . s e n s i t i v i t y  to  K othoxal. T^e r e s u l t s  p rov ide  s u g g e s tiv i  evidence th a t

K ethoxal b in d in g  s i t e s  a re  a v a i la b le  on th e  envelope o r  su b s tru c tu re
y '

o f  VS v i r io n s .

11
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INTRODUCTIONt.

During th e  l a s t  two decades the  sea rch  f o r  s u i ta b le  a n t i v i r a l

agen ts has been o f nriraary  im portance in  th e  chem otherapeutic in d u s try .

,  ■

"E>ven though most 'a n t i v i r a l  ag en ts  have dem onstrated  o u ts ta n d in g  in  v i t r o

,
■

a c t i v i t y  a g a in s t  human v iru s e s ,  o n ly  a  few agen ts  have so f a r  proved 

e f f e c t iv e  in  v ivo  (H om ick e t  a l . ,  1970; Tomlinson & MacGallum, 1970; 

Turner e t  a l . , 1^62). M oreover, a n t i v i r a l  chem otherapeutic  ag en ts  

e f f e c t iv e  in  v ivo  must p o ssess  s e le c t iv e  to x ic i ty  b e fo re  th e y  m e rit 

c l i n i c a l  t r i a l s  in  man (Fenner & W hite, 1970). From th e se  p o in ts  o f

vj^ew a t  l e a s t  s ix  a n t i v i r a l  ag en ts  have beeh re p o rte d  to  be c l i n i c a l l y

( . ' 
u s e fu l  in  th e  n ro phy lax is  and tre a tm e n t o f  v iru s  in f e c t io n s :  N -  m ethyl -

V
i s a t i h  >6 -  th iosem icarbazone (M arboran); 5 -  iodo -  2* -  deojQrurldlne

(IDU); 9 - -  D -  a rab ln o fu ra n o sy l adenine (a ra  -  A); 1 -  adamantanamine

h jn lroch lo ride  (am antadine); and 2 -  koto  -  3 -  ethoxy bu tyraldéhyde

h y d ra te  (K ethoxal).
/ »

McLimans and coworkers (1957) found K ethoxal and c lo s e ly  r e la te d

1
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compounds w ith  a 'te rm in a l  «K— ke to  aldehyde o r ’'o(_- hydroxyaldehyde

« *
grouping a re  a c tiv e  a g a in s t  in f lu e n z a  A ( s t r a i n  PR -  8) and Newcastle

. d isea se  ( s t r a in  NJ -  KD) v iru s e s  in  embryonated eg g s. T h e ir d a ta  shows 

th a t  K ethoxal i s  a c tiv e  when given  2L hours p r io r  to  in o c u la tio n  o r  

6 houps a f t e r  in o c u la tio n  w ith  v i r u s .  This o b se rv a tio n  suggests^ a 

d i r e c t  v i r u c id a l  a c t io n  o f  th e  drug on e x t r a c e l lu la r  v i r u s .  Underwood , 

(1956) foünd K ethoxal a c t i v i t y  to  be q u estio n ab le  when te s te d  a g a in s t
—V.

RKA v in js e s  in  ch ick en s , f e r r e t s  and m ice. In  t h i s  in v e s t ig a tio n , low 

, l e v e l  a n t i v i r a l  a c t i v i t y  o r  in c o n s is te n t ' r e s u l t s  were o b ta in ed  w ith  th e  

d ru g . L a te r ,  Underwood e t  a l .  (1959) concluded th a t  the  la c k  o f  in  v ivo 

a c t i v i t y  o f  K ethoxal cou ld  be a t t r ib u te d  to  i t s  in a c t iv a t io n  by rap id
■

bind ijig  to  m e ta b o lite s  in  th e  complex anim al system , ifcwever, Kethoxal
■

j  i s  h ig h ly  a c tiv e  when a p n lie d  to p ic a l ly  to  cutaneous herpes sim plex

le s io n s  in  bo th  baby r a b b i ts  and h a i r le s s  mica (Underwood, 1963). In  

c l i n i c a l  s tu d ie s  (Underwood and N icho l, 1971) K ethoxal a c t i v i t y  was 

found to  be c o n s id e ra b ly  l e s s  e f f e c t iv e  a g a in s t  cutaneous herpes le s io n s  

in  human voldnteeraf th an  in 'l a b o r a to r y  an im als. . K ethoxal has been

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



c

shown to  no ssess  v a ry in g  c a r c in o s ta t ic  a c t i v i t y  in  v iv o . For example,
1 — - r —  .

^ ■ French and F reed lan d er tl95B ) dem onstrated  t h a t  th e .d ru g  in c re a se s  the

l i f e  snan o f  mice w ith  Leukemia L 1210 and F u rs t  e t  a l .  (1957) re p o rte d
Q - a  ' --------------

- th e  drug to  be h ig h ly  a c t iv e  a g a in s t E h rlic h  f^uschka ES 'a s c i te s  turner.

In  a  survey  o f  th e  in  v i t r o  v i r u c id a l  a c t i v i t y  o f  K ethoxal,
'

* '  '

Underwood and Weed (1961) re n o r te d  com plete in a c t iv a t io n  o f  mumps,

m. '  I

in f lu e n z a  A and B, m easles', Newcastle d is e a s e .  W estern equine

e n c e p h a l i t i s ,  v a c c in ia  j B -  v i r u s ,  adeno and mouse h e p a t i t i s  v i r u s e s .
\  ' ' ■ . . -

However, th e  v i r u l e n t  MEF -  1 s t r a i n  and th e  a tte n u a te d  s t r a in  o f  typo 

2 o o lio v iru s  were r e f r a c to r y  to  th e  a n t i v i r a l .  I t  a ls o  was found th a t  .

• K ethoxal has no v i r u c id a l  e f f e c t  on th e  th re e  ty p es  o f ' p o lio v iru s  and

' . ■ r-} •

Coxsackie A -  21 which a re  RMA c o n ta in in g  v iru s e s  (R anis, 1970), Yet

_ ' -  
under s in g le -c y c le  c o n d itio n s , th e  m u l t ip l ic a t io n  o f  Coxsackie A -  21

, ■

was in h ib i te d  when th e . drug was in c o rp o ra te d  in  t h e j r i r u s  growth medium,
t ■

F u r th e r  in v e s t ig a t io n  showed t h a t  a f t e r  rem oval o f  th e  v i r u s  c ap s id

\
o f  Coxsackie A -  21 , th e  in f e c t io u s  v i r a l  RNA was s u s c e p tib le  to  the

v ir u c id a l  e f f e c t  o f  K ethoxal, S im ila r ly , when in fe c t io u s  HKA i s
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» ■ , ■ ■ ■ .. ' .  l4 ;

i s o la te d  from tobacco  m o s^ c  v i r a s  i t  can be r e a d ily  in a c t iv a te d  upon 

exposure to  K ethoxal (S ta e h e lip , 1959).

Because ^ t h o x a l  i s  one o f  th e  few a n t iv i r a l ,  agen ts t h a t  has been

. k  ■ ■ ' ' '
found a cc e p tab le  f o r  c l i n i c a l  t r ia ls 'd .n jp a n  and because -of i t s  p o te n t

; ' '

v iru c id a l  e f f e c t  o n  v e s ic u la r  s to m a t i t i s  (VS) v iru s  (R anis, 1970), IJ; "

r; '
seemed d e s ir a b le  to  use  VS v iru s  aâ an exp erim en ta l model to  examine'

a d d it io n a l  ^  v i t r o  a c t i v i t i e s  o f  t h i s  d rug . , VS v iru s ,  a  member of the
' '

gro r^  o f  b u l l e t  shaped .v iru s e s , i s  a  la rg e  RNA -  c p p ta in in g  v iru s

m easuring 175 x  65 nm. I t  p o sse sse s  a r i g i d  h e l ic a l  in te r n a l  framework 

■ which i s  co n sid e red  to  be th e  n u c leo p ro te in  component, a lthough  i t s

' I '
e x a c t conform ation  i s  u n reso lv ed  (C artw righ t*e t  a l . ,  1969). An

in te r e s t in g  f e a t u r e  o f  t h i s  v i r u s  i s  th e  p resence  o f  sp ike  -  l i k e
' - ■' f '

su rfa c e  p ro je c t io n s  (Howatson 6  W hitmore, 1962), I t  was thought t l ia t
■ ■ ' J

m od ification  o f  the v ir io n  surface through th e  use o f  enzymes and 

chemical agents would proVtde a d d itio n a l inform ation-concern ing  tiie

a n t i v i r a l  a c t i v i t y  o f  K ethoxal.
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V

MATERIALS AND METHODS

-, ' ' ■ ' '
‘ C e lls  and Media

The bovine k idney  c e l l  l i n e  d e s ig n a te d  HDBK and th e  L c e l l  l in e

(NCTC clone 9^9) o f  murine o r ig in  were o b ta in e d  from  th e  American Type

C u ltu re  C o lle c tio n  C ell R ep o sito ry , R o ck v ille , M aryland. These c e l l s
\

cjWere grown as monolayers in  medium ELAY -  10 FCS a s  p re v io u s ly  d esc rib ed  "
\

(S abina & P a rk e r, -196l) and m ain ta ined  in  medium KT.AY -  5 FCS» F or th e

experim ents designed  to  s tu d y  VS v iru s  growth i n  th e  p resence  o f

\  ' .

K ethoxal, E a g le 's  s y n th e t ic  minimal e s s e n t ia l  medium (MEM)" ( E à ^ e ,  1959)

«Was used w ith  o r  ^ t h o u t  th e  a d d i t io n  o f  K e th o x al,

V irus

The Ind iana  se ro ty p e  o f  v e s ic u la r  s to m a t i t i s  (VS) v i r u s ,  prov ided

♦ #

by D r. N. A. L abzoffsky , O n ta rio  Department o f  H ea lth , Toronto , O n tario ,
* '

- ,  '  
was used  in  t h i s  s tu d y . The v i r u s  was p laque p u r i f i e d  -twice in  L c e l l s .

«  ' '  ,

V irus s to ck  was p rep ared  by in o c u la t in g  L c e l l  m onolayers w ith  plaque

p u r i f i e d  v i r u s  a t  a  m u l t ip l i c i ty  o f  0 ,2  p laque form ing u n i ts  (PFU) pay5.'u \
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c e l l .  A fte r  a d so rp tio n  a t  37®C f o r  kS m in u tes , medium KT.AY -  10 FCS

was added and th e  c u l tu re s  were re in c u b a tp d . At 36 hours p o s t in fe c t io n ,

 ̂ !
p o o ls  o f  v iru s  were o b ta in e d  by s u b je c tin g  th e  in fe c t io u s  c u ltu re s  to  

3 cy c le s  o f  f r e e z in g  and thaw ing and th en  th e  sedim ents were sep a ra te d  

by  c e n tr i fu g a t io n  f o r  10 m inutes a t  1100 x  g (S o rv a ll  EC -  2B; R otor 

no , SS -  3U). The su p e rn a ta n t f lu id s  were pooled  anH s to re d  a t  -  60°C. 

These s to c k s  had i n f e c t i v i t y ’t i t e r s  rang ing  from $’.B x 10^ to  7 .8  x  10^

^iPFD/na. ' "  ‘ . . .  ^

. ■

V ire s  Assay
- . • ' ■ • - 

VS v iru s  was assayed  by p laque fo rm atio n  in  monolayers o f e i t h e r

(
MDBS c e l l s  o r  L c e l l s  grown i n  60-nra p l a s t i c  t i s s u e  c u ltu re  d ish es  

(F alcon  P la s t i c s j  Los A ngeles, C a l i f o r n ia ) .  D ilu tio n s  o f  th e  samples
A

vere  made in  medium KBM supplem onted w ith  10$ f e t a l  c a l f  serum . One h a l f  

ml a l iq u o ts  o f  a p p ro p r ia te  d i lu t io n s  were a llow ed  to  adsorb  a t  37®C f o r  

Ii5 m inutes i The c u l tu re s  were th e n  o v e r la id  w ith  5 ml o f  a g a r medium

I

ST-
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(Sabina & Munro, 1969), and th e  p la te s  wore in cu b a ted  a t  37^C i n  a 

w ater s a tu r a te d  atm osphere o f  5$ COg in  a i r .  The p laques were 

counted a f t e r  approx im ate ly  2li h o u rs .

Enzymes, Chemicals and Antiserum

The fo llo w in g  were ob ta in ed  from Sigma Chemical Company, S t .  L ouis, 

M isso u ri: t r y p s in  (2x c r y s ta l l i z e d ) ,  phospho lipase  C ( from C l. w e lc h i l ) ,

rib o n u c lease  A (5x c r y s t a l l i z e d ) ,  p ro te a se  (from S trep to n y ces  g r is e u a ) ,

X -  chym otrypsin (2x c r y s t a l l i z e d ) ,  -  chym otrypsin (Ix  c r y s t a l l i z e d ) ,

-  chym otrypsin (3x  c r y s ta l l iz e d )  and Tween 20 (po lyoxyethylene 

s o rb ita n  m oh o lau ra te ), Pronase (B g rade) was purchased  from C a lifo rn ia  

Coro, fo r 'B io ch em ica l R esearch , Los A ngeles^ C a l ifo rn ia ;  Rhozyme B-6 

from Rohm and Hdaa C o ., P h ila d e lp h ia , Pennsylvania}  hydroxylamine 

h y d ro ch lo rid e  from F is h e r  S c ie n t i f ic  Company, F a i r  Lawn, New Je rse y ; 

soybean t r y p s in  in h ib i to r  and d e n s ity  g ra d ie n t grade sucrose from Mann 

Research L a b o ra to r ie s , New To i t .  New York; and G enatron 113 from Al l i ed
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Chemical C o., Amherstburg, O n ta rto . A sp e rg il l in -0  was made a v a ila b le  

by Dr. A. L . T osoni, Connaught M edical Research L a b o ra to r ie s , Toronto, 

O n ta rio . K ethoxal (2*- k e to  - - I  -  e thoxy butyraldéhyde h y d ra te ) was 

k in d ly  p ro v id ed  by D r. L. E , Rhuland, The Upjohn Company, Kalamazoo, 

M ichigan. C a lf an tiseru m  a g a in s t  th e  In d ian a  sero type  o f  73 v i r u s  was 

su p p lie d  by D r. N. G. W il l i s ,  Animal D iseases Research I n s t i t u t e ,  H ull, 

Quebec. ‘

P u r i f i c a t io n  o f  V irus

In  a  ty p ic a l  experim en t, v i ru s  was p u r i f ie d  in  e s s e n t i a l ly  th re e  

s te p s .  F i r s t ,  th e  v iru s  was p e l le te d  from  p re v io u s ly  c l a r i f i e d  

in fe c t io u s  tis su e f c u ltu re  f lu id  ty* c e n tr i fu g a t io n  fo r  2 .hours a t  

7 0 ,0 0 0 .X g (Beckmam Model L2-65B; R otor no. SW I4I T i ) .  T h e ^ p e lle ts  

were resuspended in  a sm all volume o f  D ulbecco 's  phosphate -  b u ffe red  

s a l in e  (PBS) minus magnesium and calc ium  s a l t s ,  pH 7.Ü (M erchant e t  a l . ,

1°6ii),and susp en sio n s  were combined. To f u r th e r  p u r ify  th e  v iru s

. . %
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su sp en sio n , i t  was su b je c te d  to  one o r  two tre a tm e n ts  w ith  flu o ro ca rb o n .

Such tre a tm e n t c o n s is te d  o f  shak ing  equal volumes o f  v iru s  suspension

and G enetron f o r  anoroxim ately . 1 m inute, c e n tr ifu g in g  f o r  5 m inutes

a t  3000 X g (S o rv a ll RC -  2B; R o to r no. S3 -  3{j) and removing th e

aqueous p h ase . T h is  phase was c a r e f u l ly  la y e red  onto  a preform ed 

■ ' ' ' 1
d isco n tin u o u s  type  o f  sucro se  g ra d ie n t  ( see  appendix B) f o r  the  f i n a l  

p u r i f i c a t io n  s te p .  The g ra d ie n t tu b es  were then  c e n tr ifu g e d  f o r  1 hour 

a t  85,000 X g (Beckman model L2-65B; R otor n o . SW 1:1 T i ) .  I n f e c t iv i ty  

was a s so c ia te d  w ith  th e  s t ro n g ly  o p a le sc e n t band, which appeared about 

th e  m iddle o f  th e  tu b e . The o p a le sc e n t band was removed by means o f  J"
. ■ . X

a  sy rin g e  f i t t e d  w ith  a  16 gauge hypodermic n e ed le , T ^  p u r i f ie d  v iru s  

p re p a ra t io n s  had p ro te in  l e v e l s  o f  about 25 ug/m l when assayed  by th e  

method o f  Lowry e t  a l . ,  1951)»

Experim ental Designs

(a )  VS v i r u s  growth s tu d ie s  ^

O
For th o se  experim ents desig n ed  to  s tu d y  VS v iru s  growth i n  th e
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p re sen ce  o f  K ethoxal, 2 -day  o ld  c o n flu e n t c u ltu re s  o f  e i t h e r  HDBK c e l l s

o r  L c e l l s  in  1 oa Brockwky b o t t le s  were in fe c te d  w ith  VS v iru s  a t  a

. m u l t ip l i c i ty  o f  0 .8 .  A fte r  a d so rp tio n  f o r  1:5 m inutes a t  37^0, th e  c e l l

l a y e r s  were washed w ith  Hank’s  ba lanced  s a l t  s o lu t io n  (HESS) {Merchant
- > . -

e t  a l . ,  196b) to  remove r e s id u a l  v i r u s .  The VS in fe c te d  c u ltu re s  were 

o v e r la id  w ith  MS< (c o n tro l  c u i to re a )  o r  MSI c o n ta in in g  v a rio u s  

c o n c e n tra tio n s  o f  th e  a n t i v i r a l  and re  in cu b ated  a t  37®C. The experim ents
f

were te rm in a ted  a t  2b hours pos t i n  f a c t io n  and s to re d  a t  -60°C u n t i l  

a ssayed  f o r  i n f e c t i v i t y .

(b ) ^  v i t r o  v i r u c id a l  s tu d ie s

For th e  s tu d y  o f  th e  i n  v i t r o  v i r u c id a l  a c t i v i t y  o f.K e th o x a l,

VS v i r u s  was i n i t i a l l y  n u r i f ie d  a s  d e sc rib e d  in  M a te r ia ls  and Methods, 

and th en  was exposed to  chem ical oi* enzymic tre a tm e n t. A ppropriate  

a l iq u o ts  o f  p u r i f i e d  v i r u s  and t e s t  compounds were mixed and in cu b ated  

f o r  15 m inutes' a t  37°C. A ll e n ^ n æ s  were s o lu b i l iz e d  i n  0 .0 $  M t r i s
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•(hydroxymsthyl) aminomethane (T r is )  b u f f e r ,  pH 9 .0 , ex cep t t r y p s in  and 

nhosoholinase  p re o a ra t io n s  con tained  10 GaCl^, The chem ical 

compounds, NH2OH.HCH and TVepn 20, were d is so lv e d  in  PBS, pH 7«U and 

T r is  b u f f e r ,  pH 8 .0 , r e s p e c t iv e ly .  To remove th e  r e s id u a l  t e s t  

comoounds from th e  t r e a te d  m ix tu res , th e  sam ples were c e n tr ifu g e d  on a  

d isco n tin u o u s  sucrose  g ra d ie n t o r  e x tra c te d  w ith  f lu o ro ca rb o n . C ontrol 

p re o a ra t io n s  were t r e a te d  in  a  s im i la r  fa sh io n  s u b s t i tu t in g  b u ffe r  

in s te a d  o f  th e  t e s t  comnound. Equal volumes o f  t r e a te d  and n o n - tre a te d  

v i r u s  were th en  mixed w ith  s o lu t io n s  o f  v a ry in g  K ethoxal c o n c e n tra tio n ,

and incubated  f o r  30 m inu tes a t  room te m p e ra tu re . Samples o f  th e  m ix tu res

,
were assayed f o r  i n f e c t i v i t y .  By u s in g  th e  i n f e c t i v i t y  v a lu e s  f o r  

enzym e-trea ted  v i ru s  + K ethoxal (A), en zy m e-trea ted  v i r u s  (B ), amd 

u n tre a te d  v i r u s  (C) th e  oer- c e n t i n f e c t i v i l y  re d u c tio n  can be

c a lc u la te d  a s  fo llo w s :

.

X 100 -  % i n f e c t i v i t y  red u c tio n
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D eterm ination  o f  Serum N e u tra liz in g  A c tiv i ty

Serum n e u t r a l iz a t io n  t e s t s  were perform ed ly  d i lu t io n  o f  th e  v i ru s  

under t e s t  w ith  0 ,0 $  H T r is  b u f f e r ,  pH 8 .0 , to  c o n ta in  about 

1200 P F tl/n i, One ml o f  t h i s  v i r u s  was added to  1 ml o f  tw ofo ld  s e r i a l

r

d i lu t io n s  o f s p e c i f ic  J S  c a l f  an tise ru m  (p re v io u s ly  in a c t iv a te d  f o r

30 m inutes a t  $6°C) in  T r is  b u f f e r .  A fte r  in cu b a tio n  o f  th e  v iru s  -
.

'  ̂
an tise ru m  m ix tu res f o r  1 hour a t  37 C, th e y  were c h i l le d  i n  ic e  u n t i l

\in o c u la te d  onto  c e l l '  c u l tu re s  f o r  p laque a s s a y . Three p la te s  were used

f o r  each d i lu t io n  o f  an tise ru m . U n trea ted  c o n tro l  v i ru s  under th e  same
'

c o n d itio n s  was assayed  in  p a r a l l e l  w ith  th e  en zy m atica lly  -  t r e a te d  

v i r a l  su sp en sio n s. The d i lu t io n  o f  an tise ru m  g iv in g  a  $0$ re d u c tio n

in  th e  num ber.of p lao u es  was tak en  as  th e  end n o in t .
-,

I
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I EXPERIMENTAL. RESULTS

E ffe c t  o f  K ethoxal on ?S V irus I n f e c t iv i ty  in  D iffe ro n t C ell L ines '

)
To e v a lu a te  th e  a n t i v i r a l  a c t i v i t y  o f  K e th o x a l.a g a in s t VS v ir u s ,  

r e p l ic a te  in fe c te d  c u ltu re s  o f  HDBK c e l l s  and L c e l l s  were o v e r la id  

w ith  MEM c o n ta in in g  v a ry in g  c o n c e n tra tio n s  o f  K othoxal. A fte r 

in cu b a tio n  f o r  2b hours a t  37^C, in fe c t io u s  t i t e r s  were d e te re in e d .

' As shown in  Table 1, the  v i r a l  y ie ld s  from MDBK and L c e l l s  

decreased  as  th e  c o n ce n tra tio n  o f K ethoxal was in c re a se d . Both c e l l  

l i n e s  o v e r la id  w ith  medium supnlem ented w ith  a  l e v e l  o f  $0 t ^ m l  o f  

K eth^xaî'^pjpduced v i r a l  y ie ld s  o f  abou t 1$ th a t  o b ta in ed  in  c o n tro l  

in fe c te d  c u l tu r e s .  H ow ever,-it appears t h a t  VS v iru s  m u lt ip l ic a t io n  

was more s e n s i t iv e  to  K ethoxal ift L c e l l s  th a n  MDBK c e l l s  s in ce  th e  

l a t t e r  y ie ld e d  abou t 66$more in fe c t io u s  v i r u s  in  th e  p resence  o f  5 ug/ml 

o f  th e  d ru g .

13

n
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\  __
E ffe c t o f  K ethoxal on VS V irus I n f e c t iv i t y  in  D if fe re n t  Growth Média ^

To determ ine wlT^ther d i f f e r e n t  grew th media in f lu e n c e  th e  a n t iv i r a l  

a c t i v i t y  o f  K ethoxal a g a in s t  VS v i r u s ,  MDBK c u ltu re s  were o v e r la id 'w ith  

s o lu t io n  HESS f o r  6 hours p r io r  to  v i r u s  in o c u la tio n  to  somewhat d e p le te

I -a 'r e s id u a l  i n t r a c e l l u l a r  m e ta b o lite s . A fte r v iru s  a d so rp tio n , c u ltu re s  

were washed and d iv id e d  in to  two s e t s .  D u o lica te  c u l tu re s  o f  one s e t  

were incubated  w ith  d i f f e r e n t  l e v e l s  o f  K ethoxal in  medium MEM. The 

o th e r  s e t  o f  c u ltu re s  was s im i la r ly  t r e a te d ,  b u t w ith  MEM la ck in g  

c y s tin e  and m eth ion ine . V ira l  y ie ld s  were determ ined  fo llo w in g  2b hours 

in c u b a tio n  a t  37°0.

Table 2 in d ic a te s  t h a t  th e  om ission  o f  c y s tin e  and m ethionine 

from the  growth medium -e f fe c t iv e ly  reduced  th e  f i n a l  y ie ld  o f  in fe c t io u s  

v i r u s  about 80$, But when K ethoxal was in c o rp o ra te d  in  medium MEM 

la c k in g  c y s tin e  and m eth ionine, th e  in h ib i to r y  c a p a c ity  o f  th e  drug a t  

v a r io u s  c o n c e n tra tio n  le v e ls  approached t h a t  observed  in  th e  presence 

o f  medium MEM.
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Table 2 . The e f f e c t  o f  v a ry in g  c o n ce n tra tio n s  o f  K ethoxal on in fe c t io u s /  

y ie ld s  o f  v e s ic u la r  s to m a t i t i s  v i ru s  in  d i f f e r e n t  growth media*

MEM ' ' . 
(com plete)

Mai
(minus c y s tin e  & mathiOhine)

'
C o n cen tra tion  
o f  K ethoxal 

(u g /n i)
I n f e c t iv i ty

(PFO/na)
% I n f e c t iv i t y  

re d u c tio n
I n f e c t iv i t y

(PFü/ml)
% I n f e c t iv i ty  

red u c tio n

Q 9.1 X 10^ - 1 .9  X 10^

25 . 2.b X 10^ 7 3 .h 2 .3  X 10^ 87.9

50 1.1 X 10^ 98.8  . 7 .3  X 10^ 99 .6

75 8 .6  X 10^ 99 .9 1.2 X 10^ 99.9

100 2 .7  X 10^ 99.9 2 .6  X 1o’ 99 .9

*S ix -h o u r s ta rv e d  c u l tu re s  o f  MD^ c e l l s  wore in cu b a ted  w ith  VS v iru s

f o r  b$ m inu tes, washed and oveJ^laid w ith  medium HEM o r  MEH lack in g

c y s tin e  and m eth ion ine . Both fo rm u la tio n s  o f  growth medium con tained

v ary in g  c o n c e n tra tio n s  o f  K ethoxal. A fte r  in cu b a tio n  f o r  2ii hours a t

37®C, in fe c t io u s  v i r a l  y ields-V jsro  determ ined .
- L
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P re p a ra tio n  o f  P o r if ie d  V e s ic u la r  S to m a tit is  V irus

-  -  •

"To exclude  n o s s ib le  c e l l u l a r  con tam ination  o f  v ir io n s  fo r  s tu d ie s

concern ing  su rfa ce  s t r u c tu r e s ,  i t  was n e ce ssa ry  to  develop a procedure

V
fo r  th e  co n ce n tra tio n  and p u r i f ic a t io n  o f  VS v i r u s .  The p rd ^ d u re  used 

i s  d esc rib ed  in  d e t a i l  in  M a te r ia ls  and M ethods,

The r e s u l t s  o f  t h i s  ex o erim en ta l p rocedure a re  shown in  Table 3» 

Based on n r o te i^  c o n te n t ,  h igh  speed c e n tr i fu g a t io n  re s u lte d  in  a  

,29 to  2 2 -fo ld  p u r i f i c a t io n ,  w hile  each flu o ro ca rb o n  tre a tm e n t in c re a se d  

th é  p u r i f ic a t io n  r a t e  9 - f o ld .  The v i r a l  p re p a ra t io n  was p u r i f ie d  an 

a d d i t io n a l  600 to  800 tim es by passage through a  d isco n tin u o u s  sucrose  

g ra d ie n t ,  .
I

Comparison o f  th e  p r o te in  c o n ten t o f  VS v ir u s  b e fo re  and a f t e r  

p u r i f i c a t io n  w ith  th e  corresponding ' b io lo g ic a l  a c t i v i t y  in d ic a te d  th a t  

th e  v i ru s  i n f e c t iv i ty /p r o te in  ^ a t i o  was improved about U3 tim es o ver 

t h a t  o f  th e  i n i t i a l  in f e c t io u s  t i s s u e  c u l tu re  f l u i d .

A ll f u r th e r  s tu d ie s  were c a r r ie d  o u t u s in g  v i ru s  p rep ared  i n  th e

• '  9 'above m anner, ’
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Ck
V iru c id a l A c tiv ity  o f  K e th o x a l'.ag a in s t 75 V irus

'j(
In  o rd e r  to  d e ^ rm ih a  td^w hat e x te n t  p u r i f ie d  VS v iru s  i s  s e n s i t iv e  

to  in  v i t r o  K ethoxal tre a tn te n t, p u r i f ie d  v iru s  p re p a ra t io n s  were mixed 

w ith  v a ry in g  c o n c e n tra tio n s  o f  th e  d rug , as  d e s c r ib e d . in  M a te r ia ls  ahcjL 

Methods, and assayed  f o r  in f e c t io u s  v i r u s .  ^  ^  , -

' / J
As I l l u s t r a t e d  in  F igure  1, th e  v iru s  p re p a ra t io n  became ■

p ro g re s s iv e ly  more s u s c e p tib le  to  in a c t iv a t io n  as th e  l e v e l  o f  K ethoxal

. ‘ ‘ - ■ ' . ■ i  .
c , was in c re a se d . In  a d d itio n , th e  d a ta  in d ic a te d  t h a t  d u rin g  th e

-  , ■ '  ■ -

30 m inute t e s t  p e r io d  v iru s  i n f e c t i v i t y  drooped by 53^ fo llo w in g
'■■■■: ' . ' ' . .

. ; p . * ' . _

exposure to  o n ly  ? ug/m l o f  th e  d ru g , while- 99$ re d u c tio n  i s  ach ieved

r ^
a t  a  l e v e l  o f  75 ug /m l, '  ^

& . 0

V iru c id a l A c tiv ity  o f  Kbthoxal a g a in s t  VS V irus ' fo llo w in g  Chemical ^

, P re trea tm en t .
• ■ — :--------------------------------------

’ '  '  '

S in c e .th e  p reced in g  experim en t in d ic a te d  t h a t  K ethoxal had a  d i r e c t

v iru c id a l-  a c t io n  on VS v i r u s ,  i t  was, o f  i n t e r e s t  to  examine w hether ,

th e  r e a c t i v i t y  o f  th e ' v i r a l  su rfa c e  to  K ethoxal cou ld  be a f f e c te d  by
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^ g .  1 . v i r u c id a l  a c t i v i t y  o f  K ethoxal a g a in s t  VS v iru s*  Samples

c.
o f  v s v i ru s  were mixed w ith  v a ry in g  c o n c e n tra tio n s  o f  K ethoxal as

d e sc rib e d  in  M a te r ia ls  and Methods, and assay ed  f o r  in fe c t io u s  v i r u s .

/■

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Z) 
L L  

" Q _

>

Ü
CD

CO 
13

5
1 0

410

/
25 50

Concentration
75 100 125 150

of Kethoxal (ug/ml)

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



a

21
, /

by p re tre a t i te n t  w ith  o th e r  chem ical a g e n ts .

Equal volumes o f  o u r i f ie d  v iru s  and e i t h e r  Tween 20 o r  O.OObM 

KHgOH.Hd were mixed and incu b ated  f o r  ^S m inutes a t  37°C. The v i r u s -  

chem ical m ix tu res  were c e n tr ifu g e d  in  d isco n tin u o u s g ra d ie n ts  to  reband 

th e  v i ru s  b e fo re  exnosure to  K ethoxal and th en  t i t r a t e d  f o r  in fe c t io u s  

v i r u s .

The r e s u l t s  a re  shown in  F igure  2 . At th e ^ c o n ce n tra tio n  le v e l s  

t e s t e d ,  n re tre a tm e n t o f  v iru s  w ith  Tween 20 o r  KIgOH.HCl co n sid e rab ly

ydeoressed  v i r a l  i n f e c t i v i t y  when comnared w ith  u n tre a te d  controjfs^

/ '
When p ro tre a tq d  c u ltu re s  were exposed to  K ethoxal, th e  degree o f

v i r u c id a l  a c t i v i t y  was s im ila r  to  t h a t  observed  in  K e th o x a l- tre a te d

c u l tu re s  (9955).
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2 . V iru c id a l a c t i v i t y  o f  K ethoxal a g a in s t  VS v i r u s  fo llow ing  

chem ical tre a tm e n t. V iru s p re p a ra t io n s  were t r e a te d  w ith  e i th e r

Tween 2o o r  0 .002 H NHjQH.Hd, c e n tr ifu g e d  on d isco n tin u o u s  sucrose

t'
g ra d ie n ts ,  exposed to  7$ u g /n l  o f  K ethoxal, and t i t r a t e d  f o r  in fe c t io n s

f -
v i r u s .  S o lid  b a rs  in d ic a te  the- i n f e c t i v i t y  o f  c o n tro l  p re p a ra tio n s  in  

each c a se ; c ro ss-h a tc h ed  b a rs  d e s ig n a te  th e  presence  o f  K ethoxal.
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S e n s i t iv i ty  o f  T ry o s in - tre a te d  VS V irus to  K ethoxal

Because tre a tm e n t w itii s e l e c t  chem ical ag en ts  Hlrl n o t a f f e c t  th e  

r e a c t iv i t y  o f  75 v i r u s  to  K ethoxal, i t  was decided  to  a tten d it an 

enzym atic a l t e r a t i o n  o f  the  su rfa c e  s t r u c tu r e  o f  75 v iru s  and i n  t h i s  

way p o s s ib ly  m odify th e  v i r u c id a l  a c t io n  o f  the. d ru g .

To e v a lu a te  th e  s e n s i t i v i t y  o f  t r y p s in - t r e a te d  VS v iru s  to  K ethoxal, 

v i ru s  p re p a ra tio n ^  werç- i n i t i a l l y  t r e a te d  w ith  t r y p s in  a t  l e v e l s  o f  

0 , 10, ^0 and 100 ug/m l a s  d e sc rib e d  i n  M a te r ia ls  and M ethods. A ll 

sam oles were th e n  exposed to  75 ug/nd  o f  K ethoxal and t i t r a t e d  f o r  

in fe c t io u s  v i r u s .

From Table U i t  i s  c le a r  t h a t  th e  i n f e c t i v i t y  o f  non-enzyme 

t r e a te d  sam nles exposed to  K ethoxal was reduced  ty  95/5. However, v iru s  

p r e t r e a te d  w ith  ^  n r  100 ug/m l o f  t r y p s in  appeared  to  be l e s s  

s e n s i t iv e  to  K ethoxal s in ce  -the e x te n t  o f  i n f e p t i v i t y  re d u c tio n  was 

o n ly  about 5 0 ^ ,

r '
In  view o f  th e sô  r e s u l t s ,  a  com parison was made o f  VS v iru s  

i n f e c t l v i t i e s  o b ta in ed  a t  d i f f e r e n t  c o n c e n tra tio n s  o f  t r y p s in  and
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Table I |, S e n s i t iv i ty  o f  7% v iru s  .to K ethoxal fo llow ing  t ry p s in  tre a tm e n t

I n f e c t iv i t y  (PFU/n£L)

C o n cen tra tion  
o f  enzyme 

(ug/m l) H on-trea ted
I
1

aK e th o x a l- tre a te d
% I n f e c t iv i t y  

re d a c tio n

0

1

6 . 5  X  1 0 ^ 3 . 0  X  1 0 ^ 9 5 . 0

1 0  ■ 6 . 7  X  1 0 ^ 1 . U  X  1 0 ^ 97.9

5 0
6

3 . 8  X  1 0 3 . 7  X  1 0 ^ 5 2 . 8

1 0 0 3 . 6  X  1 0 ^ 3 . 3  X  1 0 ^ 5 1 . 3

a
K ethoxal was used a t  a  f i n a l  c o n c e n tra tio n  o f  75 ug /m l.
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K ethoxal. V irus p re p a ra t io n s  were p r e t r e a te d  w ith  try p s in  as  b e fo re ,

’
th en  exposed to  K ethoxal a t  c o n ce n tra tio n s  o f  75, 37 .5  , 12.5 and 2 .5  

ug/mL and assayed  f o r  i n f e c t i v i t y .

F ig . 3 in d ic a te s  t h a t ,  a t  each le v e l  te s t e d ,  th e  v i r u c id a l  a c t i v i t y  

o f  K ethoxal a g a in s t  t r y p s in - t r e a te d  VS v iru s  was reduced . M oreover, 

i t  appears t h a t  tre a tm e n t o f  v iru s  w ith  t r y p s in  le v e l s  h ig h e r  th a n  

50 iig/ml was in e f f e c t iv e  in  f u r th e r  m odifying th e  v i ru c id a l  a c t i v i t y  

o f  th e  d ru g . ' .

S ince i t  was dem onstrated  t h a t  p ^a trea tm en t o f  VS v iru s  w ith  t r y p s in  

• r e s t r i c t e d  th e  v i r u c id a l  a c t i v i t y  o f  K ethoxal, i t  suggested  t h a t  some 

m o d if ic a tio n  o f  th e  v i r a l  envelope o r  o th e r  exposed su rfa c e s  had o ccu rred  

To answer t h i s  q u e s tio n , i t  was b e lie v e d  t h a t  th e  use  o f  serum
-V

n e u tr a l i s a t io n  t e s t s  m ight re v e a l su rfa c e  s t r u c tu r a l  changes. V irus 

p re p a ra t io n s  were i n i t i a l l y - 't r e a t e d  w ith  50 ug/m l o f  t iy p s in  by mixing
/

eq u a l volumes o f v i ru s  and enzyme s o lu t io n .  C o n tro l samples were mixed

w ith  b u f f e r  o n ly . A f te r . in cu b a tio n  f o r  15 m inutes a t  37®C, th e s a n p j s a

/
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F ig . 3 . Comparison o f  VS v iru s  i n f e c t i v i t i e s  o b ta in e d  a t ,d i f f e r e n t  

c o n c e n tra tio n s  o f  t r y p s in  and K ethoxal, V irus p re p a ra t io n s , i n i t i a l l y  

exposed to  0 , 10, 50 and 100 ug/ml o f  t r y p s in ,  were t r e a te d  w ith  K ethoxal 

a t  l e v e l s  o f  2.5* 1 2 .5 , 37.5  and 75 ug/m l and assayed  f o r  in fe c t io u s  

v i r u s .  The n o in ts  in  th e  curves re p re se n t the  % i n f e c t i v i t y  re d u c tio n  

a t  th e  enzyme le v e l  in d ic a te d  fo llo w in g  tre a tm e n t w ith  K ethoxal a t   ̂

l e v e l s  o f  ( X ) 2 .5 ,  ( ▲ ) 12 .5 , ( ■ ) 37.5 and ( •  ) 75 ug/m l.
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»

were ndxed w ith  s o e c i f ic  VS v iru s  c a l f  an tise ru m  ^  d esc rib ed  in  M a te ria ls  

and Methods and th e  end p o in t  was d e te rm in ^ ^ -in  each c ase . Tlgis, 

any change in  the  n e u t r a l i z a b i l i t y  o f t r y p s ip - t r o a te d  and c o n tro l  

sam ples could  be r e la te d  to  d if f e r e n c e s  in  th e  su rfa c e  s t ru c tu re  o f  the
.'i

v ir u s  p a r t i c l e s .
*

The r e s u l t s  (F ig u re  b) show th a t  th e  n e u t r a l i z a b i l i t y  o f  the  v i r e s

p a r t i c l e s  a f t e r  enzyme tre a tm e n t d if f e r e d  from u n tre a te d  c o n tro ls .  To 

- " ' 
ach ieve a  ^0^ re d u c tio n  o f  n la q u e s , n e u t r a l iz a t io n  o f  u n tre a te d  p a r t i c l e s  ■

o ccu rred  a t  a  1:ÇCXX) d i lu t io n  o f  an tise ru m , whereas t r y p s in - t r e a te d

p a r t i c l e s  on ly  re q u ire d  an an tise ru m  d i lu t io n  o f  1 :7000. Eepeated

o ro e rim en ts  confirm ed th e  above r e s u l t s  and in d i r e c t ly  im p lied  some

su rfa c e  changes in  VS n a r t i c l e s .
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F ig . U. Seram n e u t r a l iz a t io n  t e s t a .  P re p a ra tio n s  o f  u n tre a te d  

VS v iru s  and v i ru s  p r e t r e a te d  w ith  $0 ug/m l o f  try p s in  were mixed w ith

C
2 -fo ld  s e r i a l  d i lu t io n s - o f  s n e c i f ic  VS v i r u s  c a l f  an tise ru m  a s  d e sc rib e d  

in  M a te r ia ls  and îfe th o d s. A ll samples were assayed  f o r  i n f e c t i v i t y .

The p o in ts  in  th e  cu rv es  r e p re s e n t  th e  % p laque  re d u c tio n  a t  th e  

an tise ru m  d i lu t io n  in d ic a te d  f o r  ( •  ) non-enzyme t r e a te d  v iru s  and 

(. O ) t r y p s in - t r e a te d  sam ples. The an tise ru m  t i t e r  g iv in g  a  '$0% 

re d u c tio n  i n  p laque  numbers was determ ined  i n  each  c a se .
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V iru c id a l A c tiv i ty  o f  K ethoxal a g a in s t  VS V iras  fo llo w in g  P re trea tm en t 
--------------   ;-------T— ---------- — ------ ;-------:----------------------- ----------------------------

*} .  ̂ ^
w ith  D if f e re n t  P r o te o ly t ic  Enzymes , > , '

To ga in  more in fo rm atio n  on th e  c a p a b i l i ty  o f  d i f f e r e n t  p ro te o ly t ic

enzymes t o f a l t e r  th e  v i r u c id a l  a c t i v i t y  o f  K ethoxal, p ro n a a e .w ^  added \
t '

' a t  le v e l s  o f  0 , 2 , 10 and gO ug/m l to  v i r u s  p re p a ra t io n s , exposed to
^  '  " '  '  • .

75 ug/m l o f  K ethoxal and assayed  f o r  i n f e c t i v i t y ,  "Rie r e s u l t s  (Table 5 ) 

in d ic a te  t h a t  p re tre a tm e n t w ith  $0 ug/m l à f  p ronase s u b s ta n tia l ly .d e c re a s e d  

th e  s e n s i t i v i t y  o f  VS v iru s  to  K ethoxal s in ce  more in f e c t io u s  v i r u s
p ■ ■ '

was fcjund w il^  the  p re t r e a te d  p re p a ra t io n . . ,

Based on th e  d a ta  o b ta in ed  w ith  t iy p s in  and p ro n a se , i t  was
.

decided  to  compare the  e f f e c t  o f  «C- , /5 -  and ^  -  chym otrypsins, fungal

■ ■ ■ ■ ' ■  ■ . • - ' '  '  '

p ro  te a s e  (from S trap to ry ce  s g r i s e u s ) ,  Hhozyme B~6 * (from  B a c il lu s  s p s . ) , '
. . .   : ", '

\
and A sp e rg il l in -0  (from A sp e rg illu s  o iy z a e ) a t  a  f i n a l  c o n c e n tra tio n

—
o f 50 ug /m l. Table 6 shows t h a t  a l l  enzymes t e s t e d ,  ex cep t 

^  -  chym otrypsin , m arkedly reduced  th e  v iru c id a l  a c t io n  o f  K ethpxal on ' 

VS v i r u s ,  ftnrevef*, p re tre a tm e n t o f  v iru s  w ith  and chym otrypsins

Reproduced w ith  permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Table 5 . S e n s i t iv i ty  o f  VS v i r e s  to  K ethoxal fo llow ing  pronase tre a tm e n t

/

I n f e c t iv i ty  (PFU/ml)

C o n c e n tra tio n . 
o f  ensgnae

(og/iaL) H b n -trea ted K e th o x a l- tre a te d *
% I n f e c t iv i ty  

re d a c tio n

0 1 . 8  X 1 0 ^ 9.1 X 10^ 91&.9

* 2 2 . 8  X 1 0 ^ 1 .0  X  10^ 9U.U

10
6

1 .2  X 10 2 .1  X  10 ^ 95 .5

50 5 . 6  X 1 0 ^ 5 .2  X 10^ 28.2
\

K ethoxal was used  a t  a  f i n a l  c o n c e n tra tio n  o f  ,75 ug/nü..
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Table 6 . S e n s i t iv i ty  o f  ^  v iru s  to  K ethoxal fo llo w in g  tre a tm e n t w ith  

p r o te o ly t ic  enzymes.

■»
I n f e c t iv i ty  (PFTj/ml)

’ Enzyme 
P re trea tm e n t N o n -trea ted  K e th o x a l- tre a te d ^

% I n f e c t iv i ty
re d u c tio n

\

none
z

. 3 .2  X 10
o

1 .7  X 10^ 9U.7

«(. -  chym otiypsin 1 .5  X 10^ 9 .0  X 10^ Wi.1

^  -  chym otrypsin 2 .9  X 10^ 1.3 X 10^ 86.5

^  -  chym otrypsin 1 .h  X 10^ 6 .5  X 10^ 41.9

fu n g a l p ro te a se  
(from Streptom yces 

. g r iso u s )
5

8 .6  X 10 6 .5  X 10^ 2U.8

b a c te r i a l  p r o te a s e • 
(Bhozyme B-6 

from B a c illu s  s p s . ) 7.U X 10^ 3 .6  X 10^ 23.0

A s p e rg il l in  -  0 
(from  A sp e rg illu s  

o ryzae) 7.U X 10^ 3 .3  X 10*̂ 22 .0

A ll enzymes wore used  a t  a - le v e l  o f  50 ug /m l.

K ethoxal was used a t  a f i n a l  c o n c e n tra tio n  o f  75 ug/m l.

r

Î •

R e p r o d u c e d  with p e r m is s io n  o f  t h e  co p y r ig h t  o w n e r .  F u r t h e r  r e p r o d u c t io n  p ro h ib i te d  w i th o u t  p e rm is s io n .



3 2

was n o t 83 e f f e c t iv e  a s  b a c t e r i a l  and fu n g a l p ro  te a s e s  in  reducing  th e  

v i r u c id a l  a c t i v i t y  o f  th e  d ru g .

E f fe c t  o f  P re trea tm e n t w ith  P hosnholipase  C o r  R ibonuclease A on th e

V iru c id a l A c tiv ity  o f  K ethoxal a g a in s t  VS V irus

F b rth e r  s tu d ie s  were perform ed to  e v a lu a te  th e  a n t i v i r a l  a c t i v i t y

>
o f  K ethoxal a g a in s t  VS v ir u s  p re  t r e a te d  w ith  e i t h e r  phospholipase  C o r  

r ib o n u c le a se  A (HHase A).

V iru s  p re p a ra t io n s  were ndxed w ith  2 , 20 and 200 ug/m l o f  

p h à t^ h o lip a se  C o r  w ith  HNase A a t  le v e l s  o f  10, 100 and 200 ug/m l, 

su b je c te d  to  K ethoxal a t  a  c o n c e n tra tio n  o f  75 ug/ml and assayed  f o r  

in f e c t io u s  v i r u s .

As shown i n  T able 7 , n r^ tre a tm e n t o f  VS v iru s  w ith  low le v e l s  

(2 and 20 ug /m l) o f  phospho lipase  C d ecreased  K ethoxal a c t i v i t y  to  

abou t th e  same e x te n t .  However, th e  v i r u c id a l  a c t io n  o f  th e  drug was 

g r e a t ly  reduced  when th e  v iru s  was p re  t r e a te d  w ith  200 ug/m l o f  th e  same 

enzyme. In  c o n t r a s t ,  th e  a n t i v i r a l  a c t i v i t y  o f  K ethoxal a g a in s t  v i r u s .
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T able 7 . E f f e c t  o f  p r e t r e a tn e n t  w ith  phospho lipase  C o r  rib o n u c lease  A 

on th e  v i r u c id a l  a c t i v i t y  o f  K ethoxal a g a in s t  75 v iru s

o

>
I n f e c t i v i t y  (PFU/ml)

Enzyme
p re tre a tm e n t R o n -trea ted  K e th o x a l- tre a te d ^

% I n f e c t iv i ty  
re d u c tio n

None 9 .0  X 10^ b .h  X 10^ 95.1

R io sp h o lip ase  C -

2 u g /o l 6 .1  X 10^ 8 .3  X 10^ 66 .8

20 ng/uL 6.1 X 10^ 7 .7  X 10^ 6 6 ,9

200 u g / d 1.2  X 10^
2

1 .0  I  10 ,3 .2  ■

E lbse A

10 ug/m l 6
1 .9  X 10 U.5 X 10^ 95.1

100 ug/m l
6

1 .0  I  10 8 ,6  X 10^ , 89.0

200 ug/m l
6

1 .9  X 10 7 .3  X 10^ 92 .0

K ethoxal was used a t  a  f i n a l  c o n c e n tra tio n  o f  75 ug /m l.
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fo llo w in g  exposure to  RNase, was unchanged a t  each  enzyme le v e l  t e s t e d .

I n a b i l i t y  o f  T rypsin  to  R esto re  In f e c t iv i ty .  o f  K etfaoxal-Treated YS V irus 

An a ttem p t was made to  r e s to re  the  i n f e c t i v i t y  o f  VS v i r u s ,  i n i t i a l l y  

t r e a te d  w ith  K ethoxal, by subsequent t r y p s in  tre a tm e n t.

P u A fle d  v iru s  was t r e a te d  w ith  K ethoxal a s  d e sc rib e d  in  M a te ria ls  

and Methods, and p re p a ra t io n s  wore c e n tr ifu g e d  f o r  2 hours a t  70,000 x  g 

(Beckman model L2-65B; R o to r no . SW hi T i ) ,  The v i ru s  p e l l e t s  o b ta in ed  

were re  suspended in  0 .0 5  M T r i s ,  pH 8 .0 , and t r e a te d  w ith  $0 ug/m l o f  

t r y p s in  f o r  m inutes a t  3 ^ C  in  th e  p resence  o f  10 ^M CaClg. To 

n e u tr a l iz e  r e s id u a l  tp y p s in , soybean in h ib i to r  was th e n  added a t  a  f i n a l  

c o n c e n tra tio n  o f  100 u g /m l. Follow ing in cu b a tio n  f o r  an  a d d it io n a l  

2 m inutes a t  room tem pera t a r e ,  th e  v i r u s  p re p a ra t io n s  were assayed  f o r  

i n f e c t i v i t y ,

\
The r e s u l t s  (Table 8) in d ic a te  t h a t  th e  i n f e c t i v i l y  o f  VS v i r u s ,  

i n i t i a l l y  t r e a te d  w ith  K ethoxal, was n o t re s to re d  by  subsequent t ry n s in  

trea tm en t*
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V

J

Table 8 . I n a b i l i t y  to  r e s to r e  i n f e c t i v i t y  o f  K e th o x a l- ti |e a ted  VS v iru s

by t ry o s in  tre a tm e n t *

■

Treatm ent I n f e c t i v i ^  (pFtT/al)

None 3 .2  X 10^

K ethoxal (75 ug/m l) 1.1i X 10^

K ethoxal ( 7 5  ug/m l) + t i y p s in  ( 5 0  u g / d ) 9 . 6  X  1 0 3

?
A p u r i f ie d  VS v iru s  su sp en sio n  was d iv id ed  in to  two f r a c t io n s ,  and one 

o f  th e se  was t r e a te d  w ith  K ethoxal a s  d e sc r ib e d  i n  M a te r ia ls  and-Methods. 

The p re p a ra t io n s  were c e n tr ifu g e d  a t  70,000 x  g f o r  2 h o u rs , and th e  

a n o ro n iia te  sam ples were t r e a te d  w ith  t r y p s in  (50 u g /n l)  f o r  15 o in a to s  

a t  37°C b e fo re  th e  a d d i t io n  o f  t r y p s in  soybean i n h ib i to r  (100 u g /n l}  

and th e n  assayed  f o r  i n f e c t i v i t y .
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DISCUSSION

The a n t i v i r a l  a c t i v i t y  o f  K ethoxal a g a in s t  v e s ic u la r  s to m a t i t i s

<;
v i ru s  has been s tu d ie d  u s in g  two in  v i t r o  t e s t s :  (a) th e  growth cy c le

experim ent in  c e l l  c u l tu r e ,  which e v a lu a te s  a n t i v i r a l  e f f e c t s  r e la te d  

to  param eters o f  v i r u s  m u lt ip l ic a t io n  and (b ) th e  v i r u c id a l  t e s t  which 

m easures th e  degree o f  d i r e c t  in a c t iv a t io n  (Grunberg & p r in c e , 1970). 

The s t r u c tu r e  o f  K ethoxal i s  shown below :

0 0
II II

? .CHj -  OH -  C -  CH • H„0

■ Ï :
The te rm in a l « t -  ke toald shyde  g roup ing , -  C -  GH ,  i s  thought to  be

th e  r e a c t iv e  s i t e  o f  th e  m olecule (HcLimans e t  a l . ,  1957)• Evidence

■ ■ (
p re sen te d  here  shows t h a t  when K ethoxal i s  in c o rp o ra te d  in  th e  v iru s  

growth medium, VS v i r a l  y ie ld s  from MŒK and L c e l l s  p ro g re s s iv e ly  

d ecrease  w ith  in c re a s in g  amounts o f  d ru g . T h is  ag rees  w ith  th e  r e s u l t s  

o f  Rents (1970), who re p o rte d  in h ib i t io n  o f  Coxsackie A-2l v i ru s  

r e p l ic a t io n  in  m onolayers o f  ML c e l l s  o v e r la id  w ith  medium c o n ta in in g

»

\
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K ethoxal. To e s ta b l i s h  a c le a r e r  d e f in i t io n  o f  drug  e f f e c t  r e l a t in g

to  environm ental in flu en c es  on c e l l s ,  i t  was found th a t  the  om ission

o f  th e  su ln h u r c o n ta in in g  amino a c id s , c y s tin e  and m eth ionine, from the

v ir u s  growth f l u i d  has l i t t l e  e f f e c t  on th e  a n t i v i r a l  a c tio n  o f  K ethoxal.

,
In exoerim ents re p o rte d  e a r l i e r ,  th e  in  v i t r o  v i r u c id a l  a c t i v i t y  

%

o f  K ethoxal a g a in s t  a  number o f  DM and RNA v iru s e s  (Underwood & Weed,
. '■ t -

lb 6 l ;  R enis, 1970) was dem onstrated  u s in g  serum -free  t i s s u e  c u ltu re

in fe c t io u s  f l u i d s .  S ince  th e  m ajor i n t e r e s t  was in  s tu d y in g  th e

s e n s i t i v i t y  o f  VS v iru s  to  K ethoxal, a  p u r i f i c a t io n  p rocedure in v o lv in g

high  soeed c e n tr i fu g a t io n ,  flu o ro ca rb o n  t r e a td p n t  a n d 'd isco n tin u o u s

sucrose  g ra d ie n t c e n tr ifu g a tio n  was dev ised  to  exclude medium

prU istitu en ts  and minimize c e l l u l a r  con tam ination  o f  V ir io n s . T h is

procedure ro u t in e ly  y ie ld e d  v ir io n s  which were p u r i f ie d  about 750 tim es

(
and s t i l l  s e n s i t iv e  to  in a c t iv a t io n  ^  v i t r o  by K ethoxal.
.•

Among th e  p ro te o ly t ic  enzys»8, t ry p s in  has been uspa  to  o b ta in

■ '  ■ /  v i r a l  su b u n its  (Simpson & H auser, I966; Mae no 1970), to  enhance

v i r u s  i n f e c t i v i t y  (Spondlove & S c h a ffe r , 1965; Spendlove e t  1970)
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and enzymic a c t i v i t y  (A nbertin  & McAuslan, 1972) and to  a l t e r  v i r a l

su rfa ce  morphology (B idd le , 1965; Kendal e t  1969). Because o f  th ese

re p o r ts  and th e  f in d in g s  o f  C artw rig h t e t  a l . (1969) and McCombs e t  a l .

( 1966) ,  who have shown th a t  t r y p s in  removes th e  e x te rn a l  s p ik e - l ik e

n ro je c t io n s  o f  VS v i r u s ,  t ry p s in  was s tu d ie d  more c lo s e ly  w ith reg a rd
-

to  i t s  e f f e c t  on th e  su rfa c e  o f  VS p a r t i c l e s .  Using serum n e u t r a l i s a t io n

t e s t s ,  t r y p s in - t r e a te d  75 v ir io n s  req u ired  l e s s  v i r u s - s p e c i f ic  an tise ru m

th an  d id  c o n tro l sam ples to  ach ieve  a  S0% re d u c tio n  in  p la q u es . This

f in d in g  p ro v id es  i n d i r e c t  ev idence th a t  th e  v i r a l  su rfa c e  i s  m o d ified .

fu rth e rm o re , p re tre a tm e n t o f  VS v iru s  w ith  t ry p s in  reduced the

s e n s i t i v i t y  o f  th e  v i r io n s  to  th e  v i r u c id a l  a c t i v i t y  o f  K ethoxal.

S ince t ry p s in  c a ta ly z e s  the  h y d ro ly s is  o f  bonds in v o lv in g  a rg in in e  o r  
-

ly s in e  re s id u e s , a  p o s s ib le  K ethoxal re a c t io n  s i t e  i s  su g gested . In  

su p p o rt o f  t h i s ,  Underwood (1959) has observed th e  ex trem ely  ra p id  

r e a c t io n  o f  th e  drug  w ith  a rg in in e  a s  w e ll as. a  slow er b ind ing  to  ly s in e .  

A ttem pts to  r e s to re  th e  i n f e c t i v i t y  o f  VS v i r u s ,  i n i t i a l l y  t r e a te d  w ith  

K ethoxal, t y  subsequen t t r y p s in  tre a tm e n t were u n su c c e ss fu l. I f  th e
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v ir u c id a l  a c t i v i t y  o f  K ethoxal i s  a  r e s u l t  o f  b ind ing  to  th e  su rface

V  '

o f  th e  v i ru s  p a r t i c l e ,  th e  bond formed i s  a p p a re n tly  in a c c e s s ib le  o r  

in s e n s i t iv e  to  t r y p t i c  a c t io n .  ’

In  c o n tra s t  to  t r y p s in ,  th e  n o n -s p e c if ic  p r o te o ly t ic  enzyme, 

p ro n ase , w i l l  d ig e s t  alm ost any p ro te in  to  f r e e  amino a c id s  (Nomoto 

e t  a l . ,  1960) .  M ild p re tre a tm e n t o f  VS v iru s  w itli t h i s  enzyme 

s u b s ta n t ia l ly  reduced th e  v i r u c id a l  a c t i v i t y  o f  K ethoxal. However, 

com parison o f  th e  d a ta  o b ta in ed  w ith  t ry p s in  and pronase reV eals th a t  

th e  e x te n t o f  v i r u c id a l  a c t io n  o f  th e  drug a f t e r  p re tre a tm e n t w ith  a 

n o n -sp e c if ic  enzyme was o n ly  s l i g h t l y  g r e a te r  than  th a t  w ith  t r y p s in .

L
P re trea tm e n t o f  v i r u s  w ith  o t -  and chym otrypsins, Ehozyme B-6 

and A so e rg illin -O  o r i o r  to  K ethoxal tre a tm e n t gave r e s u l t s  s im i la r  to  

th o se  o b ta in e d  w ith  t ry p s in  and p ro n a se . Both oC- and V" chym otrypsins 

d i f f e r ,  however, from ch y n o try p sin  in  t h e i r  e f fe c t iv e n e s s  in  

reducing  th e  v i r u c id a l  a c tiq n  o f  th e  d ru g . Underwood (1959) has 

reo o rted  th e  b ind ir |g  o f  K ethoxal to  th e  a rom atic  amino a c id , 

try p to p h an e , which when p re s e n t i n  p e p tid e  lin k a g e s  i s  a  m ajor s i t e  o f

>
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i

chjnaotrypsin a c t io n .  Thig su g g es ts  a n o th e r s i t e  o f  K ethoxal a c t io n .

/ - ,  - '
The f a c t  t h a t  s e n s i t i v i t y  o f  VS v ir io n s  to  th e  a c t io n  o f  Kethoxal cou ld

be reduced by p re tre a tm e n t w ith  p ro te o ly t ic  enzymes h as  provided

su g g es tiv e  evidence th a t  b in d in g  s i t e s  a re  a v a ila b le  on th e  envelope

I
or  s u b s tru c tu re  o f  th e  v i r i o n ,

/

Phospholipase C, which c a ta ly z e s  th e  h y d ro ly s is  o f  t he lin k a g e  

betw een g ly c e ro l  and pho sp h ate , has been used  to  s tu d y  th e  s t ru c tu re

,  .. 'î , ■■
OX a number o f  v iru s e s  (H izubani & M izu tan i, 1961ij Simpson & Hauser,

1Q66). P re tre a tm e n t o f  VS v i r u s  w ith  low le v e l s  o f  phospholipase  C 

s l i g h t l y  reduced  th e  v i r u c id a l  a c t i v i t y  o f  K ethoxal. However, a  h ig h  /  

phospho lipase  c o n c e n tra tio n  caused a  marked d ecrease  in  a n t i v i r a l
'  / I

a c t i v i t y .  C artw righ t e t  a l .  (1969) have shown th a t  th e  sp ike  s tru c tu re '
^ " V

o f  th e  su rfa ce  was u n a ffe c te d  by  phospho lipase  C, b u t th e  rem ainder o f

th e  s u r fa c e ,  presum ably p h o sp h o lip id  components lo c a te d  in  th e  reg io n s

•' ' ' Ibetw een th e  sp ik e s , was d ig e s te d .  S ince th e  s e n s i t i v i t y  o f  VS v iru s

to  K ethoxal wag reduced  by phospho lipase  p re tre a tm e n t, th e  - in t e g r i ty

?

o f  th e  su rfa c e  p h o sp h o lip id  component may be a  requ irem en t fo r  optimum
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v i r u c id a l  a c t i v i t y .

S'ince i t  has, been re p o r te d  th a t  r ib o n u c le a se  was w ithou t e f f e c t  

on su rfa c e s  ,o f i n t a c t  in f lu e n z a  (M izutani & M izu tan i, I 96L) and VS 

Simpson & H auser, 1966) p a r t i c l e s ,  p r e t r e a to e p t  o f  i n t a c t  VS v ir io n s  

w ith  RNase should  d is c lo s e  no su rfa ce  s t r u c tu r e  m o d if ic a tio n  n o r a  

change in  th e  e f fe c t iv e n e s s  o f  K ethoxal t re a tm e n t. Sxperim an ts have 

shown th a t  R X ase-treated  VS v iru s  i s  e q u a lly  as s e n s i t iv e  to ,  drug 

tre a tm e n t as c o n tro l  n re p a ra t io n s . ■

P rev ious chem ical s tu d ie s  on th e  exposure o f  cyxov iru ses to  th e

d is p e r s a l  a g e n t. Tween 20, r e s u lte d  in  a  d is s o c ia t io n  o f  th e  v ir io n s

- .. ■ . ■ 
in to  b io lo g ic a l ly  a c t i v e , su b u n its  (W ebster and D a rlin g to n , 1969).

The p re s e n t stu tty  dem onstrates  t h a t  m ild  Tween 20 trea tm en t o f  VS v iru s  

c o n s id e ra b ly  d ep ressed  v i r a l  i n f e c t i v i t y ,  b u t d id  n o t a f f e c t  th e  

r e l a t i v e  v i r u c id a l  a c t i v i t y  o f  K ethoxal. A pparen tly  such tre a tm e n t 

does n o t a l t e r  th e  s u rfa c e  groupings s e n s i t iv e  to  drug a c t iv H y ,

S im ila r  r e s u l t s  were ach ieved  w ith  the  chem ical a g e n t, hydroxylam lne.

\
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which has been shown to  in a c t iv a te  in f lu e n z a  v iru s  by a tta c k in g  th e  

py rim id in es  o f  th e  v i r a l  n u c le ic  a c id  (S c h o li t is s e k  & E o t t ,  I963) 

and c e r ta in  b a c te rio p h ag es  by s p l i t t i n g  th e  th io le s te r ,  bonds in  t h e i r  • 

p ro te in  component (K ozlo ff e t  a l . ,  1957).

' ' r
The p re s e n t  s tu d y  has shdwn t h a t  th e  a n t i v i r a l  a c t i v i t y  o f  

K ethoxal a g a in s t  v e s ic u la r  s to m a t i t i s  v i r u s  can be m odified, to  a  

l im ite d  e x te n t  h j  p re tre a tm e n t .o f  v i r io n s  w ith  v a r io u s  enzymes
- . ' . Î

su g g es tin g  a  n o s s ib l^  drug  mechanism. F u r th e r  chem ical s tu d ie s  may

: ■ . -V- .

re v e a l th e  e x a c t mode o f  a c tfo n  by  which K ethoxal e x e r ts  t h i s  v iru c id a l  

e f f b c t ,  -I
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SUMMARY

The a n t i v i r a l  a c t i v i t y  o f  K ethoxal a g a in s t  v e s ic u la r  s to m a t i t i s

v i ru s  has been s tu d ie d . VS v ir u s  growth s tu d ie s  have shown v iru s
■ . . ■

m u lt ip l ic a t io n  in  d i f f e r e n t  c e l l s  and in  ,d if fe ré ïï^ g ro w th  media was

in h ib i te d  by th e  d rug . K ethoxal e x h ib ite d  p o te n t  v i r u c id a l  a c t i v i t y
- %

a g a in s t  h ig h ly  p u r i f ie d  VS v i r u s  p re p a ra t io n s . Whan p r o te o ly t ic

enzymes in c lu d in g  fu n g a l and b a c te r ia l  p ro te a s e s ,  o t -  and chym otrypsins
' ' -

and try p s in  were used to  niodify th e  v i r a l  su rfa c e  s t r u c tu r e ,  VS v iru s

a
s e n s i t i v i t y  to  th e  a n t i v i r a l  a c t i v i t y  o f  th é  drug Was co n sid e rab ly  

reduced . In  c o n t r a s t ,  ^  -  ch y m o try p s in -trea te d  ta d  u n tre a te d  v i r u s  

p re p a ra t io n s  were e q u a lly  s u s c e p tib le  to  K ethoxal t re a tm e n t.  The 

i n f e c t i v i t y  o f  K e th o x a l- tre a te d  VS v iru s  could  n o t be re g e n e ra te d  by •' 

subsequen t t ry p s in  tre a tm e n t, A s l i g h t  d e n re ss io n  o f  v i r u c id a l  a c t i v i t y  

was ach ieved  when VS v iru s  weis p re tr e a te d  w ith  phospho lipase  C.

Exposure o f  th e  v i ru s  to  RNase p r io r  to  drug  tre a tm e n t had no e f f e c t  , 

on v i r u c id a l  a c t i v i t y .  Although v iru s  i n f e c t i v i t y  was reduced by

U3

A
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n r e tro a tn e n t  w ith' th e  chem ical a g e n ts . Tween 20 and NH2OH . HCL, th e  

r e l a t i v e  a n t i v i r a l  a c t io n  o f  K ethoxal was n o t  a f f e c te d .

The r e s u l t s  i n d i c a t e ' t h a t  K ethoxal p o sse sse s  two modes o f  a n t i v i r a l  

a c t io n :  (1) in h ib i t i o n  o f  i n t r a c e l l u l a r  v im s  m u l t ip l ic a t io n  and 

(2 ) d i r e c t  v i r u c id a l  a c t io n  on e x t r a c e l lu la r  v i r e s .
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APPENDIX A

»

- ‘ A
s t e r i l i z a t i o n  o f  C en trifu g e  Tubes

I '

S t e r i l i z a t io n  o f  c e l lu lo s e  n& tra te  tu b es  (no . 331370, Spinco 

D iv is io n  o f  Beckman In s tru m e n ts , I n c . ,  Palo  A lto , C a lifo rn ia )  was 

achieved  by immersing th e  tube?  f o r  10 m inutes in  a  0.2% s t e r i l e  

so lu t io n  o f  benzylkonium  c h lo rid e  fo llow ed by exposure o f  th e  em ptied 

tu b es  to  u l t r a v i o l e t  l i g h t  f o r  12 h o u rs .

V

hS
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APPENDIX B

P re p a ra tio n  o f  D iscontinuous G rad ien ts

D lacontlnaous g ra d ie n t  columns were p rep ared  by f lo a t in g  la y e rs  

o f  Î .Ç , 1 .$ , 1 .5 , 3 .0  and 3 .0  olL o f  s o lu t io n s  o f  50, 200, 300, UOO and 

L50 mg su c ro se /m l i n  9 / l6  x  3 1/2 in c h  n i t r o c e l lu lo s e  c e n tr ifu g e  *^ubes.

H ibonucloase -  f r e e  g rade su cro se  was d is so lv e d  in  s t e r i l e  phosphate -
L

b u ffe red  s a l i n e ,  pH 7 .Ü . B efore u se  th e  la y e re d  sucrose  s o lu t io n s  were

allow ed to  s ta n d  o y p m ig h t a t  U°C,
^  . '

he

L
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