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Inhibi t ion  of Po l iov irus  Growth  by 2 - A m i n o - 4 , 6 - D i c h l o r o p y r i m i d i n e  

In  t he  course of researches on the  an t iv i ra l  ac t ion  o f  
pyrimid~ne der ivat ives ,  one of these,  2-amino-4, 6-dichlo- 
ropyr imid ine  has  been  found  par t i cu la r ly  act ive  on the  
g rowth  of pol iovirus  1. 

Material. Aet inomyc in  D (AMD) was p rov ided  by  
Merck;  ~H- thymidine  (12.5 Ci /mM),  aH-uridine (25 Ci/ 
raM) and  ~H-leucine (14.5 Ci /mM) by  Amersham.  The 
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pyr imid ine  der iva t ive  was  syn thes ized  b y  the  I s t i t u t o  
Chemioterapico  I ta l iano.  

Methods. E x p e r i m e n t s  were  carried out  in H E p 2  ceil 
mono- layers  (106 cells/small  pe t r i  dish) which  were infected 
wi th  30 p laque  forming  uni ts  (PFU) of pol iovirus  1 
Brunender s  per  cell, or mock  infected (with H a n k ' s  BSS) 
and  incuba ted  in H a n k ' s  BSS  (pH 7.3) a t  37~ Cell 
damages  were ev idenced t h ro u g h  the  incorpora t ion  of 
bo th  neu t ra l  red and  labelled DNA, R N A  and  pro te in  
precursors .  Virus p rogeny  and infect ious IRNA (ext rac ted  
according to  the  GIERER and SCHRAMM m e t h o d  ~) were 
measured  as P F U  (DIJLBECCO and VoG~ method~)_ 
3H-uridine and 3H-leucine pulses were given to  evalua te  
virus  IRNA pro te in  synthesis ,  respect ively ,  in cells whose 
nuclear  t ranscr ip t ions  had  been blocked by  AND,  t ak ing  
in to  account  t h a t  mos t  of t he  leueine uptake ,  a f te r  3 h 
f rom cell infect ion wi th  picornavirus ,  is due to virus  
pro te ins  3. The assembly  of virus  par t ic les  and  the  part ici-  
pa t ion  in i t  of labelled R N A  and  prote ins  was es tabl ished 
by  sp inning gene t ron  puri f ied cul ture pel lets  a t  25, 0 00 r p m  
(20~ in sucrose grad ien ts  (11 ml, 10-40%) in SW 40 Ti 
(Spinco). Detai ls  of t echn ique  have  been repor ted  previ-  
ously~-~. 

Results. D a t a  in F igure  1 show t h a t  t he  pyr imid ine  
der iva t ive  comple te ly  p r ev en t s  po l iov i rus  g rowth  at  
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Fig. 1. Effect of 2-amino-4,6-dichloropyrimidine on the metabolism 
of uninfected cells (A), and on poliovirus growth (B). A) uninfected 
cell uptake, under acid-insoluble form, of 3H-thymidine (o), 8H- 
uridine (e), and 3Hleueine (&), after 8 h of drug treatment (1 h 
pulses, 0.3 [xCi/ml). B) infectious virus yield in celt monolayers 
drug-treated for 2 h, either before (O) or after (0) infection, and 
in cells infected with drug-pretreated virus suspensions; 2 h con- 
tacts at 37~ drug then removed by dialysis (&). 

1 A. GIERER and G. SCHRAMM, Z. Naturforsch. 77b, 138 (1956). 
2 R. DULBECCO and M. VOGT, J. exp. Med. 99, 167 (1954). 
3 S. PENMAN and D. SUMMERS, Virology 27, 614 (1965). 

M. A. MARCIALIS, P. LA COLLA. and B. LODDO, Experientia 28, 1117 
(1972). 

s p. LA COLLA, M. A. MARCIALIS, G. P. MEREU and B. LODDO, 
J. gen. Virol. 17, 13 (1972). 

s A.  M. CIOGLIA, C. D E  GIULI,  O.  ZUFFARD], ]?. PALMAS, ]~tI.' A .  
MARCIALIS, P.  LA COLLA, B.  SCARPA a n d  B.  LODDO, R i v .  F a r m a c .  

Terap. 77, 61 (1971). 

6 .  

25 

E 5, 
c 

O 
t o  e) 
i n  ' 4 .  

O 
. ~  50 

, -  x 3 
.0 E 
t~ 

Q" 2, �9 - -  U 
E 75. 

t -  1 ,  

I'- 

A ]B  C O 
I 

c>---o--o---o 
i i I [ [ i i I i i i i I i i i 

1 3 5 7 1 3 5 7 3 5 7 i l  3 5 

H o u r s  a t  37  oC 

E 

7 1 3 5 7 

F ~ ~ 

�9 8 "U -q 
c 

n n 

,2 r - 6  f" 
{n  o l  

; o  < 

Z - "  

[I . . . . . .  [ [ I  . . . . . . .  II 
5 1 0  5 1 0  

F r a c t i o n  no 

Fig. 2. Effect of 2-amino-4,6-dichloropyrimidine on poliovirus synthesis and poliovirus-induoed ceil'damages. Infected (e) 'or mock 
infected (O) cells were incubated at 37~ in Hank's BSS coutaining 2 ~tg/ml of AMD; 100 {zg/ml of the pyrimidine derivative was added 
to half of the infected cultures (&). A) tntracellular incorporation of neutral red (1%, t h pulses), liberated by 1% sodium deoxycholate 
and measuredat 530nln. B)~H-leucii~,e uptake (0.2 ExCi/ml, 1 h pulses) under acid-insoluble form. C) ~H-uridine uptake (0.2 IxCi/ml from 
time 0) under .acid=insoluble form. D) Infectious RNA (as PFU). E) Infectious virus (as PFU). F) and G) Incorporation into v. rus 
particles'of aH-leueine and 3H-uridine respectively (2 MCi/ml, added at time 0 after infection). After 8 h, cell cultures were frozen land 
thawed (--70~ n~20~ twice, treated with genetron, deprived of cell debris at 3,000 rpm 5 rain, and pelletted at 40,000 rpm 2 h. Pellets 
were dissolved in 0.5 m1 of Hank's BSS, layered on 10 ml of sucrose gradients (10-40%)'and spinned at 25,000 rpm Ior 3 h at 20~ 5 ml 
fractions, obtained by puncturing the bottom of the tubes, were examined for radioactivity. Arrows indicate maximum infectivity. 
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concen t ra t ions  which  do no t  ma rked ly  affect  the  v i t a l i ty  
of un infec ted  cells. The inh ib i t ion  of virus g rowth  is 
i r reversible  and takes  place even when  the  drug  t r e a t m e n t  
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Fig. 3. Ability of virus proteins, synthesized before drug-treatment, 
to assemble into complete, infectious virus particles, RNA synthesized 
later in the presence of the drug. Infected cells were incubated for 3 
h at 37 ~ in Hank's BSS containing AMD 2 [xg/ml, and then treated 
with the pyrimidine derivative. A) Production of infectious virus, ti- 
trated as PFU (�9 and incorporation of 3H-uridine, 0.3 ~xCi/ml from 
time 0 (0). B) Incorporation into virus particles of 3H-leueine (5 [xCi/ml) 
add ed to the medium from time 0 up to 3 h post-infection and of ~H-uri- 
dine (3 ~zCi/ml) added to the medium 3 h after infection. Cells were 
harvested at the 8th h and treated as indicated in Figure 2. The 
asterisk in A) indicated the moment of drug addition to the culture. 
The arrow in B) indicates maximum infectivity in the sucrose 
gradient. 

of cell cul tures  i s  res t r ic ted  to  2 h, e i ther  before or af ter  
t he  infect ion per iod.  No inhib i t ion  can be seen when  the  
drug  is al lowed to  act  d i rec t ly  0n virus  par t ic les  before cell 
infect ion (Figure 1). Targe t  of t he  pyr imid ine  act ion seems 
to  be the  assembly  of virus particles,  which  is comple te ly  
p r even t ed  while t he  r ep l i ca t ion  of infect ious virus  R N A  
and  the  ne t  syn thes i s  of virus pro te ins  are scarcely 
affected as well the  ear ly  v i rus- induced blockade of cell 
p ro te in  synthes is  and  the  cy topa th i c  effect  (Figure 2). 
The pyr imid ine  anal0gue does no t  ac t  on virus assembly  
directly,  bu t  r a the r  by  impai r ing  the  R N A  coat ing  abi l i ty  
of virus  pro te ins  made  in its presence:  when  a 3-h per iod 
in drug-free m e d i u m  is al lowed to  elapse be tween  virus  
infect ion and drug  t r e a t m e n t ,  p ro te ins  syn thes ized  in t h a t  
per iod assemble in to  complete ,  infect ious virus,  the  R N A  
synthes ized  la ter  in the  presence  of t he  drug  (Figure 2). 
R e s e a r c h e s  are in progress  to  b e t t e r  define the  i n t i ma t e  
mechan i sm of act ion j of 2-amino-4, 6-dichloropyrimidine,  i 
as well as the  specif ic i ty  of the  an t iv i ra l  effect  7. 

Riassunto. La 2-amino-4, 6-dicloropir imidina impedisce  
la formazione di  p ro te ine  capsidiche capaci  di  organizzare  
con lo R N A  virale par t icel le  di pol iovirus  comple te  ed 
in fe t t an t i .  
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S T U D I O R U M  P R O G R E S S U S  

Kinet i c s  and N a - D e p e n d e n c e  of R ibof lav in  A b s o r p t i o n  by  In tes t ine  inl v ivo  

Introduction. In te s t ina l  absorp t ion  of r ibof lavin  has 
been s tudied  b o t h  in vivo and  in vivtro .  In  vivo absorp-  
t ion  was re la ted  to  u r ina ry  excre t ion  of t he  v i t a m i n  
which  had  previous ly  been  admin i s t e red  to  t he  diges t ive  
t rac t .  Obviously  th is  a p p r o x c h  to  the  p rob lem is in- 
sufficient ,  since there  are too many ,  b a r r i e r s  in te rposed  
in be tween  and thus  one canno t  real ly d raw conclusions 
on the  mechan i sm of absorp t ion  of the  v i t a m i n  across 
t he  in tes t ina l  barrier .  However  LEvY and J v s K d  1 -were 
the  f i rs t  to  affirm, using th is  expe r imen ta l  model ,  t h a t  
the  absorp t ion  was sa turab le  in fas t ing  subjects:  Using 
analogous  techniques ,  STRIPP 2 had  a l ready  come to  the  
same conclusions.  Since then,  bo th  MAYERSOnN et al. 3 
and  CHRISTENSEN4 have  conf i rmed these  resul ts  in bo th  
m a n  and rat .  

The resul ts  of these  s tudies  in vivo are in con t rad ic t ion  
wi th  t he  earl ier  work  of SPENCER and  ZAMCHEK 5, Of 
S P E N C E R  and  B o w  6 and  of TURNER and  I~UGHES 7 who 
measured  the  absorp t ion  of r iboflavin,  using the  t echn ique  
of the  eve r t ed  sac. These au thors  concluded t h a t  the re  
was a pass ive  diffusion of t he  v i t amin  across the  in tes t ina l  
wall;  t h e y  also showed t h a t  the  ra te  of diffusion of t he  
v i t a m i n  was the  same in e i ther  the  mucosal-serosal  or 
the  serosal-mucosal  direct ion.  These resul ts  are surpris-  

i 

ing and  are poss ibly  inf luenced by  the  ex te rna l  condi t ions  
used in vi tro.  

The aim of th is  work  is to  s t u d y  the  in tes t ina l  absorp-  
t ion  of r ibof lavin  in ivivo, while adop t ing  an app roach  
to  the  p rob lem which  is d i f ferent  to  previous  authors .  
The t echn ique  used was the  perfus ion of a f ixed segment  

o f  ih tes t ine  in vivo. U s i n g  th is  m e t h o d  the  kinet ics  of 
absorp t ion  of the  v i t ami n  were s tudied  as well as the  
role p layed  by  sod ium dur ing  absorp t ion  by  the  in tes t ina l  
t rac t .  

Material and methods: 6-to-10Zweek-old wis ta r  r a t s  
were used in all exper iments .  They  were fas ted 24 h 
before t he  exper imen~ and  N e m b u t a l  was  used as a nar-  
cotic. Af ter  '' abdomina l  incision, a segment  (6-8cm) of 
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