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p rac t i ca l  app l i ca t ions  w i t h o u t  fac ing t h e  p r o b l e m s  of sk in  
colour ing and  insolubi l i ty .  Chemical ly ,  c o m p o u n d  I could 
be  p r e p a r e d  t h r o u g h  c o n d e n s a t i o n  of b o t h  moiet ies ,  2- 
d i e t h y l a m i n o m e t h y l - 4 - a m i n o - 5 ,  6, 7, 8 - t e t r a h y d r o - l - n a p h -  
t h o l  and  4, 7-d ichloroquinol ine .  T he  fo rmer  is accessible  
t h r o u g h  a M a n n i c h  r eac t ion  ( f o r m a l d e h y d e / d i e t h y l a m i n e )  
w i t h  4-ace tamino-5 ,  6, 7, 8 - t e t r a h y d r o - l - n a p h t h o l  follow- 
ed b y  acid hydro lys i s .  
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Biological  t e s t i ng  was based  on  t he  response  to t h e  pro-  
duc t  b y  Plasmodium ber~hei in  mice.  Fo r  th i s  pu rpose  
mice  of N M R I - S P F - H a n n .  s t r a i n  (males) were used of 
we igh ts  18-22 g. I n f ec t i on  was induced  in  t h e  mice  groups  
t h r o u g h  i.p. i nocu la t ion  of hepa r in i zed  in fec ted  b lood di- 
lu t ed  w i t h  phys io logica l  sal ine solut ion.  I n o c u l u m  for  each  
mouse  was 0.3 ml  w i t h  ca. 10 ~ in fec ted  e r y t h r o c y t e s  w i t h  
K 173 s t r a i n  of Plasmodium berghei. 

Oral  t r e a t m e n t  w i t h  t he  c o m p o u n d  in w a t e r  so lu t ion  
fol lowed 2 h a f t e r  infect ion.  The  var ious  doses in  t h e  dif- 
f e ren t  groups  of in fec ted  mice  were g iven  da i ly  once for  4 
consecu t ive  days.  Regu l a r  b lood  microscopica l  e x a m i n a -  
t ions  were  car r ied  o u t  (Giemsa s ta in ing) ,  3 days  a f t e r  in- 
fec t ion  for a pe r iod  of 4 weeks pos t - infec t ion .  Cr i te r ia  for a 
g iven  dose to  be  c u r a t i v e :  w h e n  no  pa ra s i t e s  could be  
microscopica l ly  de t ec t ed  in  t h e  b lood  samples  w i t h d r a w n  
f rom the  t r e a t e d  an imals .  T he  s ame  an i m a l s  were  s u b m i t -  
t ed  to  f u r t h e r  r e in fec t ion  a n d  if t h e  new in fec t ion  is e s t ab -  
l ished as in  controls ,  t h e n  t he  an i m a l s  t h a t  h a d  b e e n  ini- 
t i a l ly  t r e a t e d  w i t h  these  doses were cons idered  to be  cu red  
and  t he  g iven  doses as cura t ive .  The  re -exposure  to  in- 
fec t ion  was to  secure t h e  r a t i o n a l i z a t i o n  of t h e  absence  of 
t he  pa ras i t e s  in t he  t r e a t e d  an i m a l s  as due  to t r e a t m e n t  
a n d  no t  due  to  p r e i m m u n i t y  factors.  I n  these  s tudies  dos- 
ages r ange  of 5 m g / k g  b o d y  we igh t  t h r o u g h  to  100 m g / k g  
were found  to  be  cura t ive .  Lower  doses of 1 m g / k g  were 
i nac t ive  a n d  of 2.5 m g / k g  t h e  a c t i v i t y  was poor.  

F u r t h e r  t he  c o m p o u n d  I was  t e s t ed  for  i t s  r epos i to ry  
effect. F o r  t h i s  pu rpose  single oral  doses of 100 m g / k g  
b o d y  we igh t  and  250 m g / k g  were g iven  to  mice i and  2 
weeks  before  in fec t ion  w i t h  Sch izontes  b e a r i n g  e ry th ro -  

cytes.  This  oral  app l i c a t i on  was shown  to be i nac t i ve  to  
p r o t e c t  t h e  an ima l s  aga ins t  infect ion.  On t h e  o t h e r  h a n d ,  
s.c. app l i ca t i ons  of t he  same  single doses, 100 m g  a n d  
250 m g / k g  b o d y  we igh t  could p rov ide  conlp le te  p r o t e c t i o n  
a g a i n s t  in fec t ion  w i t h  t h e  p a r a s i t e  for  a pe r iod  of a t  l eas t  
2 weeks. Insp i re  of t he  exposure  to  mass ive  infect ion,  no  
p a r a s i t e m a e  could be  obse rved  for a pe r iod  of 4 weeks pos t  
in fec t ion  exposure .  

I n  add i t ion ,  c o m p o u n d  I was  e v a l u a t e d  for  i ts  an t i -  
ma la r i a l  a c t i v i t y  in  a n o t h e r  g roup  of expe r imen t s .  This  
was  based  on compar i son  of response  to  c o m p o u n d  b y  
Plasmodium berghei K G 1 7 3  m a l a r i a  in  mice as expressed  
in m e a n  s u r v i v a l  t i m e s  a n d  t h e  m e a n  su rv iva l  t i m e s  of un-  
t r e a t e d  con t ro l s  5. A s ingle  dose a t  t h e  des i red  level  is 
g iven  72 h a f te r  mice  in fec t ion  w i t h  P. berghei. To consider  
t he  t e s t e d  c o m p o u n d  as act ive ,  a m i n i m u m  su rv iva l  t i m e  
of 13 days  is required .  I f  t h e  t r e a t e d  mice  l ived  60 days  or 
more ,  t he  c o m p o u n d  is cons idered  as cura t ive .  I n  these  
expe r imen t s ,  doses of 5 m g / k g  b o d y  w e i g h t  gave  a n  in- 
crease in su rv iva l  days  of 3.7. Doses of 10 m g  caused  in- 
crease in t h e  su rv iva l  days  b y  12.3. Cures were af fec ted  
(5/5) a t  doses of 40 t h r o u g h  350 m g / k g  b o d y  weight .  A t  
20 m g / k g  cure  r a t e  was 4/5. 

These  b io log ica l  f ind ings  show t h a t  t he  c o m p o u n d  I 
possesses b o t h  cu ra t i ve  and  p r o p h y l a c t i c  effect  aga ins t  
ma l a r i a  in fec t ion  in mice. Th i s  m a y  offer  a lead for  fu tu re  
syn theses  of c o m p o u n d s  bea r ing  s t r u c t u r a l  f ea tu res  of 
b io logica l ly  ac t ive  groupings  of a n t i m a l a r i a l s  as for  t he  
s u b s t i t u t e d  n a p h t h o q u i n o n e s  and  n i t rogen-he te rocyc l i cs  ~. 

Zusamme~/assu~2g. E i n  po ten t ie l l es  Ma la r i ami t t e l ,  wel- 
ches  S t r u k t u r e l e m e n t e  w i r k s a m e r  He t e rocyc l en  m i t  den-  
j en igen  der  N a p h t o c h i n o n e  ve re in t ,  w u r d e  in o r ien t ie ren-  
den  Ve r suchen  als w i r k s a m  gefunden.  
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B e h a v i o u r  of a G u a n i d i n e - D e p e n d e n t  S tra in  of P o l i o v i r u s  1 in S u c r o s e  D e n s i t y  and pH G r a d i e n t s  

Resu l t s  of r ecen t  researches  i nd i ca t e  t h a t  guan id ine  in- 
v a l i d a t e s  t he  func t i ons  of new l y - f o r m ed  E n t e r o v i r u s  pro-  
teins1,E T h e  g u a n i d i n e  m a r k e r  is t h o u g h t  to  be  a p a r t  of 
t he  nuc leo t ide  sequence  of v i r a l  R N A  w h i c h  codes for  pro-  
t e i n  syn thes i s  a. T h e  researches  r epo r t ed  he re  h a v e  b e e n  
ca r r ied  ou t  to  e s t ab l i sh  if a s t a t e  of g n a n i d i n e  dependence  
is a c c o m p a n i e d  b y  mod i f i ca t ions  in  t h e  dens i ty  a n d  in  t h e  
isoelectr ic p o i n t  of t h e  v i r a l  par t ic le .  

Materials and methods. Researches  h a v e  been  ca r r ied  
ou t  b y  us ing  a c o n c e n t r a t e d ,  G e n e t r o n - t r e a t e d  suspens ion  
in H a n k ' s  B S S  of b o t h  a B r u n e n d e r s  s t r a i n  of po l iov i rus  1 

a n d  i ts  guan id ine  d e p e n d e n t  v a r i a n t  G 200, wh ich  requi res  
200 ~g /ml  of g u a n i d i n e  HC1 for  o p t i m a l  g rowth .  

To s t u d y  v i ra l  dens i ty ,  0.5 ml  of v i ra l  suspens ion  were 
layered  on  the  t op  of a p r e fo rmed  4.5 ml  sucrose g r a d i e n t  
(42-30%)  in Tris m g  buf fe r  ( 0 . 0 5 M  Tris, 0.025M KC1, 
0.0052//I MgC12 mg;  p H  7.45 ) in  5 ml  t ubes  of cellulose n i t r a t e ,  
and  cen t r i fuged  in Spinco ( ro tor  S W  50) a t  35,000 r p m  x 
100 ra in  a t  + 4~ F r a c t i o n s  were col lected f rom t h e  
b o t t o m  of t h e  tubes .  P l a q u e  fo rming  un i t s  of e i t he r  v i ruses  
were  t i t r a t e d  accord ing  t o  t h e  DULBECCO a n d  V o a ~  tech-  
n ique  4 t a k i n g  a d v a n t a g e  of t h e  f ac t  t h a t  60 ~g /ml  of 



guan id ine  i nh ib i t ed  t he  sens i t ive  v i rus  whi le  t he  guani-  
d i n e - d e p e n d e n t  s t r a in  fai led to grow in  drug-f ree  m ed i um.  

The  isoelectr ic p o i n t  was  d e t e r m i n e d  by  u t i l iz ing  t he  
capac i t y  of a m p h o l i t e  m i x t u r e s  (Amphol ine ,  L K B  In-  
s t r u m e n t s  Inc.)  to  c rea te  pFI g rad ien t s  be t w een  10 and  3. 
The  e lec t rofocus ing t e c h n i q u e  p rev ious ly  a d o p t e d  b y  
o thers  ~ for  pol iovirus  was followed. T he  a p p a r a t u s  (Fig. 
1) consis ted  of 2 c o m m o n  5 ml  p ipet tes ,  36 m m  long, p laced  
in ver t ica l  pos i t ion  and  connec ted  a t  t h e  b o t t o m  wi th  a 
t ube  i n t e r r u p t e d  b y  a s topcock  in t he  centre .  T he  whole  
r i g h t  p ipe t te ,  t he  connec t ing  t u p e  and  t he  lower p a r t  of 
t he  lef t  p i p e t t e  up  to  the  4 m l  n o t c h  were filled w i t h  a 56~o 
sucrose  so lu t ion  in I t 2 0  c o n t a i n i n g  1~o of H2SO4. A s tan-  
d a r d  c o n c e n t r a t i o n  of 2~o amphol ine ,  d iv ided  in to  8 fr~c- 
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Fig. 2. The distribution of infectivity of sensitive poliovirus ( O -  O) 
and its guanidine-dependent mutant (O--Q) in sucrose (30-42%) 
density gradient after 100 min at 35,000 rpm in Spineo SW50. Virus 
titers were evaluated in drug4ree medium (for the sensitive strain) 
and in the presence of guanidine HC1 200 ~g/ml (for the guanidine- 
dependent mutant) (the bottom of the tube is on the left). (PFU = 
plaque forming units). 

t ions  of 0.5 ml  c o n t a i n i n g  decreas ing  sucrose concen t r a -  
t ions  (26.5; 23.2; 20.0; 16.8; 13.2; 10.3; 7.1; 3.9~o of 
H~O) was layered in the  lef t  p ipe t te ,  up  to t he  O notch .  
The  left  p ipe t t e  was t h e n  filled up  to  i ts  m o u t h  w i th  2~o 
t r i e t h a n o l a m i n e  in H~O. Vi rus  suspens ion  (0.1 ml) was  in-  
corpora ted ,  in  t he  course of t he  a b o v e  opera t ions ,  in  t he  
6th  f r ac t ion  (sucrose 10.3~o ). P l a t i n u m  wire  e lec t rodes  
(posi t ive  on t he  r i g h t  and  nega t ive  on  t he  lef t  p ipe t t e )  
were p laced  and  electr ic  c u r r e n t  was  r egu la t ed  so to  ob- 
t a i n  2 m A  w i t h  a b o u t  500-600 Volts.  D u r i n g  t h e  7 h ope- 
ra t ion ,  the  lef t  p i p e t t e  was m a i n t a i n e d  a t  20 ~ b y  a con t in -  
uous  flow of w a t e r  in i ts  ex t e rna l  l ining.  40 f rac t ions  of 
0,1 ml,  r ep r e sen t i ng  t h e  a m p h o l i n e  'zone ' ,  were  then. col- 
lec ted  from the upper part of the left pipette. The pH of 
t h e m  was m e a s u r e d  a n d  t he  c o n t e n t  in  p l aque - fo rming  
un i t s  es tab l i shed  as i nd ica t ed  above.  

Results. B o t h  t he  sucrose and  a m p h o l i n e  g r ad i en t  t e s t s  
were r epea t ed  3 t imes .  Since t he  resul t s  o b t a i n e d  f rom 
these  tes t s  were p rac t i ca l ly  ident ical ,  on ly  d a t a  o b t a i n e d  
f rom 1 t e s t  of each m e t h o d  are r epo r t ed  here.  

F igure  2 shows t h a t  the  peak  of m a x i m u m  in f ec t i v i t y  
for  the  2 v i ra l  s t r a in s  coincides pe r fec t ly  in  t he  sucrose 
grad ien t .  As for the  t es t s  w i t h  a m p h o l i n e  (Figure 3), t he  
p e a k  of m a x i m u m  in f ec t i v i t y  was localized for b o t h  v i ruses  
a t  a p H  7.4. B o t h  s t r a in s  p r e sen t  a second peak  r a t h e r  low- 
er a t  p H  3.8, a f ac t  wh ich  o thers  h a v e  a l r eady  obse rved  
for t h e  sens i t ive  v i rus  a n d  h a v e  h y p o t h e t i c a l l y  a t t r i b u t e d  
to t r a n s i t i o n  s t a t e s  a t  d i f fe ren t  r eac t ive  po in t s  in  t h e  v i rus  
par t ic les  ~. 
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Fig. 3. The distribution of infectivity after electrofocusing of a 
mixture of guanidine sensitive (O--�9 and guanidine-dependent 
(O--O) poliovirus, Virus mixture was placed in the column in the zone 
indicated by the double arrow, pH is also recorded in the figure (--). 
(PFU = plaque forming unit). 
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All of these  resul ts  led to  t he  conclusion t h a t  if modif i -  
cat ions  are induced by  a guan id ine -dependence  to the  viral  
capsid,  these  modif ica t ions  do no t  no teab ly  affect  t he  den- 
s i ty  and isoelectric po in t  of the  virion~. 

Riassunto. La densit& in grad ien te  di saccarosio ed il 
pun to  isoelet tr ico delle pardce l le  virali  di poliovirus 

6 This work has been supported by a grant of the Consiglio Nazio- 
nale della Ricerche, Rome (Italy/. 

guan id ino-d ipenden t i  non  differiscono da qnelle del vi rus  
guanidino-sensibi le  di origine. 
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Thiopyrimidines: Specific Inhibitors of Poliovirus Induced Early Cell Damages 

I t  has  been  observed  t h a t  several  t h iopy r imid ine  deri- 
va t ives  inh ib i t  specifically t he  in v i t ro  d e v e l o p m e n t  of 
pol ioviruses~-< The researches  r epor ted  here  show t h a t  
one of these  compounds  is also able to p r e v e n t  t h e  virus-  
induced b lockade  of cell p ro te in  synthes is .  

Materials. Ethy l -2 -me thy l th io -4 -me thy l -  5-pyr imidine  
ca rboxy la te  (S-7) was k ind ly  p rov ided  by  Dr. MASUZO 
KANAMOr~I of the  Toyam.a Chemical  Co., Tokyo.  Guani-  
dine HC1 ~ (Eas tm an  Kodak) ,  D-penicil lamine 6 (Dista) and  
~-hydroxybenzy lbenz imidazo le  7 (HBB, k ind ly  given by  
Dr. IGOR TAMM, Rockefel ler  Univers i ty ,  New York) were 
also used. E x p e r i m e n t s  were carr ied out  by  employing  
h u m a n  aneuploid  H E p 2  cells (American t y p e  cul ture col- 
lection, Rockville,  USA),  a s t ra in  of pol iovirus  1 Brunen-  
ders  and  a S-7 res i s tan t  va r i an t  of the  same strain,  ob- 
t a ined  th rough  serial t r a n s p l a n t s  in t h e  presence  of the  
th iopyr imid ine ,  up to  a m a x i m u m  of 250 vg/ml.  

Method. Cell cul tures (10 ~ cel ls /petr i  dish, 3 pe t r i  dishes/  
sample)  were  infected w i t h  50 p laque  forming  uni ts  (PFU) 
of e i ther  viruses  a t  + 4  ~ • I h. Cell monolayers  were  t h e n  
washed  th ree  t imes  wi th  H a n k ' s  B S S  (pH 7.2) and  incub-  
a ted  at  37~ in t he  same buffer  con ta in ing  2 ~g/ml of 
ac t inomyc in  D, in order  to inh ib i t  nuclear  t ranscr ip t ions .  
The inhib i tors  were added,  soon af ter  infection,  a t  t he  
m a x i n m m  concen t ra t ion  which  had  been previous ly  found  
to be inact ive  on the  incorpora t ion  of R N A  and pro te in  
precursors  in uninfec ted  cells. Infect ious  p rogeny  was 

t i t r a t e d  as P F U ,  according to the  DULBECCO and VOGT 
m e t h o d  s. Overal l  p ro te in  syn thes i s  and virus R N A  repli-  
ca t ion  were  es tab l i shed  by  measuring,  respect ively,  the  up- 
t ake  under  acidinsoluble form of H a leucine (Amersham,  
15.2 Ci /mM, 0.1 FCi/ml, 1 h pulses} and  of H s ur idine 
(Amersham,  25 Ci/mM, 0.2 FCi/ml, f rom t ime  0). 

Cy topa th ic  effect  (CPE) was eva lua ted  by  measur ing  
the  abi l i ty  of cell to incorpora te  v i ta l  s ta ins  (neutral  red 
100 ~zg/ml of medium,  90 rain pulses). Cells were t h e n  so- 
lubil ized wi th  sodium deoxycho la te  1% in H20 and  neu- 
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Fig. 1. Effect of several inhibitors on polivirus synthesis and CPE. HEp2 cell monolayers were infected with 50 PFU/cell and incubated 
at 37~ in Hank's BSS supplemented with AMD 2~zg/mI (A) orin the same medium + guanidine HCI 300 ~xg/ml (B), + D-penicillamine 
150 bg/ml (C), + I-IBB 150 ~tg/ml (D), + S-7 250 ~zgjml (E). Infectious virus yield (�9169 was titrated as PFU produced, according to the 
DUL•ECCO and VOGT s method; virM RNA synthesis (O--Q) was measured on the basis of H ~ uridine uptake (0.3~Ci/ml from time 0); 
CPE was evaluated on the basis of intracellular incorporation of neutrM red, solubilized with DOC 1% and read at 530 nm(&--  A). 


