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cellulose ace ta t e  s t r ips  of cer ta in  t issues of tur t le ,  perch,  
t rout ,  sp inach  and  yeas t  9. Lack  of s y m m e t r y  in the  
band ing  p a t t e r n s  and loss of ac t iv i ty  of cer ta in  of the  
bands  in d i f fe rent  t i ssues  compl ica ted  the  analysis  ye t  i t  
was sugges ted  t h a t  the  resul ts  could be expla ined  on the  
basis  of r a n d o m  fo rmat ion  of t e t r a m e r s  f rom subuni t s  
which  were coded by  d i f ferent  genes. The genetic d a t a  
p resen ted  here  d e m o n s t r a t i n g  a symmet r i ca l  5 ban d ed  
p a t t e r n  in cells w i th  2 d i f ferent  G3PD-1 alleles a t  the  
same locus no t  only  conf i rms the  t e t r a m e r  s t ruc tu re  of 
G3PD b u t  indicates  t h a t  the  i rregular  p a t t e r n s  seen by  
the  former  workers  9 were  poss ib ly  p roduced  by  genes a t  
2 d i f ferent  loci under  separa te  genet ic  control .  The lack of 
i n t e rmed ia t e  i sozymes be tween  the  2 G3PD loci of p la ty -  
f ish and  swordta i l s  m i g h t  be accoun ted  for by  the  s t r ic t  
t issue specif ici ty or a res t r ic t ion  in subun i t  aggregat ion  10. 

Zusammen]assung. Es wurden  bei  Xiphophorus maculata 
und  Xiphophorus helleri zwei I sozyme von  Glycera ldehyd-  
-3 -phospha t -Dehydrogenase  nactlgewiesen.  Die bioche-  
misch-gene t i schen  U n t e r s u c h u n g e n  deu ten  auf eine 
Te t r ameren -  S t ruktur .  
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A n t i v i r a l  P r o p e r t i e s  of  1 - A l l y l  a n d  1 - C r o t y l  D e r i v a t i v e s  of  2 - ( a - H y d r o x y b e n z y l )  b e n z i m i d a z o l e  

The impor t ance  of the  l ipophil ic  charac te rs  of 1-substi-  
t u t e d  der iva t ives  of 2 - (a -hydroxybenzyl )benz imidazo le  
(HBB) in re la t ion to the i r  an t iv i ra l  act ivi t ies  is ind ica ted  
by  an init ial  increase in ac t iv i ty  wi th  increase in carbon 
chain  l eng th  of t he  1-subs t i tuen t  r,2 and  by  a rough 
paral le l ism be tween  log (activity) and HANSCH ~r value 3 
for smal l  subs t i t uen t s  as i l lus t ra ted  by  act ivi t ies  aga ins t  
poliovirus t ype  1 in Table  I. W h e n  the  u n b r a n c h e d  chain  
equals  or exceeds 4 carbon  a toms,  reduc t ion  in ant ipol io-  
virus ac t iv i ty  accompanies  fu r the r  increase in chain 
length  2, 4. This  reduc t ion  m i g h t  be caused by  increase in 
s t reng th  of l !ydrophobic  b ind ing  be tween  the  subs t i t u t ed  
benzimidazole  and  cellular l i p i d s  and  proteins ,  resul t ing 
in res t r ic t ion  of access of t he  act ive  molecules to  specific 
receptor  sites as the  l ipophil ic  charac te r  of these  molecules 
is increased beyond  i ts  o p t i m u m  level. ~IANsCH et al. s 
have  discussed examples  where  log (biological response) 
is a quadra t i c  func t ion  of app ropr i a t e  Jr values  giving rise 
to  m a x i m a  in t he  s t ruc tu re -ac t iv i ty  pa t t e rns .  

I n t r o d u c t i o n  of a double  bond  in to  an alkyl  subs t i t uen t  
grea t ly  increases some biological responses.  In  such cases, 
the  inf luence of factors  o ther  t h a n  hyd rophob ic  inter-  
act ions m a y  p redomina te .  Thus,  a l though  the  correspond-  
ing p ropy l  compounds  have  l i t t le  or no act ivi ty ,  cer ta in  
allyl ace tamide  and  ba rb i t u r a t e  der iva t ives  p roduce  he- 
pa t ic  po rphyr i a  6 wi th  loss of cy toch rome  P-450 and  h aem ~, 
var ious  1-allyturacils have  diuret ic,  appe t i t e  inhibi t ing,  
ant isecre tory ,  ant i - i r i t ic  and  smoo th  muscle  r e l axan t  pro- 
per t ies  8, and  1-allyl-3, 5-diethyl-6-chloro-uraci l  and  o the r  
1-allyl-5-alkyluracils possess  inh ib i to ry  ac t iv i ty  aga ins t  

herpes  and  vaccinia  viruses~ The p repa ra t i on  of 1-ally1 
and 1-crotyl der iva t ives  of H B B  has been  repor ted  ~0 and 
fu r the r  detai ls  are now given of the i r  an t iv i ra l  proper t ies .  

The compounds  were t e s t ed  for the i r  inh ib i t ing  effect  
on the  mul t ip l ica t ion  of poliovirus t y p e  1 (L Sc 2 ab), 
t y p e  2 ( P  712 Ch 2 ab) and t y p e  3 (Leon 12 ab) and  
coxsackievirus  A21 in E R K  (human) cell monolayers ,  
coxsackievirus  A 9 and E C H O  virus  11 in p r i m a r y  m o n k e y  
k idney  cell monolayers ,  and  neurovaccin ia  virus in H e L a  
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Table I. Virus inhibitory concentrations (VIC) and LOgl0 (activities) 
of HBB and its derivatives with 1-phenyI and small 1-alkyl substi- 
tuents and the corresponding I~IANsCn substituent constants Jr 

Substituent H Me Et Pr Ph 

VIC a 160 120 100 9 6 
log (activity) b 0.80 0.92 1.0 2.0 2.2 

value 0 0.5 1.0 1.5 1.8o 

a Micromolarity of compound required to reduce type 1 poliovirus 
yield in ERK cells by 75% in 16 h. b Defined as log10 (I000[VIC) in 
order to permit ready comparison with the Jr value. ~ A value that 
allows for some dipolar interaction involving the phenyl substituent ~. 

Table If. Effect of introducing a double bond on the virus inhibit- 
ory concentrations a of 1-alkyl-HBB derivatives 

Poliovirus Substituent (and its HANSCH ~ value) 
allyl (1.2) Crotyl (1.7) Pr (1.5) Bu (2.0) 

1 8.25 b 10.75 ~ 9.0 10 
2 5.0 7.75 7.5 5.5 
3 9.75 10.75 22.5 25 

VIC values are quoted to the nearest 0.25 jiM. b Log10 (1000/VIC) 
2.1. o Logl0(1000/VIC) = 2.0. 
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Fig. 1. Time between infection with poliovirus [a) type 1; b) type 2, 
and c) type 3] and 50% CPE plotted against virus dose (in 2 ml 
medimn) per tube. In uninfected tubes, 50% cell death occurred in 
7 days. Lettering of each line codes for the HBB derivative as 
follows : - O, no corrtpound; H, HBB itself; 5@, 5-phenyl; Bu, 1-butyl; 
Pr, 1-propyl; C, 1-crotyl; A, 1-allyl; 1~, 1-phenyl. Concentrations are 
indicated as follows: - - - ,  half maximum tolerated concentration 
(MTC); -- -- --, I[4 2V~TC; - - ,  1/s MTC (and infected controls). 
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Fig. 2. Time between infection with a) coxsackievirus A9; b) cox- 
sackievirus A21, and c} vaceinia virus aim 50% CPE plotted against 
virus dose (in 2 ml medium) per tube. In uninfected tubes, 50% cell 
death occurred in a) 8 days; b) 7 days; and c) 5 days. Compounds and 
concentrations are identified as in Figure 1, but additionally, in 
Figure 2a, concentrations are quoted for data obtained at ~/~6 MTC. 

cell monolayers .  The  e x p e r i m e n t a l  m e t h o d s  used for E R K  
and  M K  cells have  been  descr ibed br ie f ly  n.  H e L a  cells 
were d ispersed in Eag le ' s  m i n i m u m  essent ia l  m e d i u m  
c o n t a i n i n g  toe ta l  bov ine  s e rum (10% v/v) ,  N a H C O  a 
(0.112% w/v),  g l u t a m i n e  (1% w/v), benzyl -penic i l l in  
(100 U/m1) and  s t r e p t o m y c i n  (100 ~zg/ml). T he  suspens ion  
was al lowed to  s t a n d  in inc l ined  tubes  (1 ml  pe r  tube)  for  
3 days  a t  37 ~ and  t h e  m e d i u m  was t h e n  rep laced  f rom 
the  cell l ayers  b y  f resh m e d i u m  (2 ml  pe r  tube)  w i t h  t he  
s e rum c o n t e n t  r educed  to 2%,  t h e  N a H C O  3 c o n t e n t  in- 
creased to  0.224%, an d  c o n t a i n i n g  vacc in ia  v i rus  and  t e s t  
c o m p o u n d  a t  a p p r o p r i a t e  concen t ra t ions .  Tubes  were t h e n  
slowly revo lved  and  i n c u b a t e d  a t  37 ~ R e m a i n i n g  deta i l s  
were as p rev ious ly  descr ibed  11. 

The  c o n c e n t r a t i o n s  requ i red  to  p roduce  75% i n h i b i t i o n  
of po l iov i rus  g rowth  in a 16 h per iod  (Table  II)  sugges t  
t h a t ,  a l t h o u g h  l ipophi l ic  charac te r ,  as r ep r e s en t ed  b y  t he  

value,  is an  i m p o r t a n t  c o m p o n e n t  of t h e  effect  of t he  
a l ly l  and  c ro ty l  subs t i t uen t s ,  o the r  fac tors  m a y  be  in- 
volved.  F i t  i n to  a s imple  pa rabo l i c  r e l a t ionsh ip  5 is poor.  

The  F igures  c o m p a r e  t he  cell p r o t e c t i v e  effects  of 
1-allyl, 1-crotyl ,  t -p ropyl ,  1-butyl ,  1 -phenyl  2 aud  5-phenyl  
de r iva t i ve s  of H B B  a t  a p p r o p r i a t e  f rac t ions  of the  max i -  
m u m  c o n c e n t r a t i o n s  of t he  c o m p o u n d s  t o l e r a t ed t a  b y  
E R K  cells (75, 80, 80, 60, 140 a n d  70 tz2~[, respect ively) .  
T ime in t e rva l s  be twe en  in fec t ion  and  50% c y t o p a t h i c  
e n d p o i n t  are p o r t r a y e d  for  in fec t ion  w i t h  d i f fe ren t  v i rus  
t i t res ,  t h e  c o m p o u n d  be ing  a d d e d  s i m u l t a n e o u s l y  w i t h  
virus.  U n d e r  t he  t e s t  condi t ions ,  t he  order  of a c t i v i t y  12 
1-Ph > Allyl  > Croty l  > P r  > Bu  > 5-Ph  > H B B  appl ies  
to  po l iov i rus  1 a n d  3 (Figure  la ,  a n d  c). T he  on ly  modi-  
f i ca t ion  of t h i s  order  for po l iov i rus  2 is t he  reversa l  of t he  
pos i t ions  of H B B  and  i ts  5 -phenyl  d e r i v a t i v e  (Figure lb) .  
Thus ,  u n s a t u r a t e d  c o m p o u n d s  a p p e a r  more  ac t ive  t h a n  
s a t u r a t e d  c o m p o u n d s  in r e l a t i on  to  cell p r o t e c t i o n  f rom 
the  effects of po l iov i rus  infect ion.  Sequence  Croty l  > P r  > 

Allyl  appl ies  to  coxsack iev i rus  A 9  (Figure 2a). Sepa ra t e  
e x p e r i m e n t s  showed  the  1 -phenyl  to  be  less effect ive  t h a n  
t he  1-propyl  w i th  th i s  virus.  The  order  of a c t i v i t y  12 (Fig- 
ure 2b)  for coxsack iev i rus  A21 [1-Ph > Bu  > Crotyl  > 
5-Ph  > Pr, Allyl  > HB]3  ( inact ive)] ,  when  c o m p a r e d  w i t h  
t h a t  for t he  H•Nsc• ~ va lues  oI t h e  1 - subs t i t uen t s  (Tables  
I and  II) ,  suggests  t h a t  t h e  l ipophi l ic  inf luence  of t he  
1 - subs t i t uen t  m a y  be  r e l a t ive ly  more  i m p o r t a n t  for cell 
p r o t e c t i o n  aga ins t  th i s  virus .  Th i s  sugges t ion  is st i l l  va l id  
even  if a l lowance  i s  m a d e  for t h e  d i f fe ren t  m o l a r  con- 
c e n t r a t i o n s  used  in t he  tes t .  A t  ha l f  t h e i r  m a x i m u m  
to l e r a t ed  concen t ra t ions ,  t he  1-allyl, 1-crotyl  a n d  1-propyl  
de r iva t i ve s  comple t e ly  p ro t ec t ed  M K  cells aga ins t  t he  
c y t o p a t h i c  effect  (CPE) of 5.5 TCDs0 un i t s  (and lower 
doses) of E C H O  vi rus  11. F igure  2 c shows t h a t  genera l ly  
ac t iv i t i es  are  smal l  in  r e l a t i on  to vacc in ia  v i rus  in  agree- 
m e n t  w i t h  p rev ious  f ind ings  w i t h  D N A  viruses  ~. 

Zusammenfassung. 1-Al ly lund  1-Crotyl-2-(-oxy-benzyl)-  
Benz imidazo l  h e m m e n  die V e r m e h r u n g  yon  Pol iovi rus  1, 
2 u n d  3, sowie d ie jenige  der  Coxsack iev i ren  A 9  und  A21 
und  die jenige  des E C H O - V i r u s  11. 
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