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Riassunto. L e  p i a s t r i n e  di  3 d i v e r s i  c e p p i  d i  r a t t i ,  
c o n t r a r i a m e n t e  a l le  p i a s t r i n e  u m a n e  e d i  c a r l a ,  n o n  s o n o  
a g g r e g a t e  (sia in  v i t r o  c h e  in  v ivo )  n6  d a l l a  r i s t o c e t i n a  ng  
d a l  f a t t o r e  y o n  W i l l e b r a n d  b o v i n o ,  p o r e i n o  o u m a n o ,  
q u e s t ' u l t i m o  reso  a g g r e g a n t e  p r e v i o  t r a t t a m e n t o  e n z i m a -  
t ico.  T a l e  i n sens ib i l i t k ,  d i  cu t  s i  6 p o t u t a  e s c l u d e r e  
l ' o r i g ine  p l a s m a t i c a ,  p o t r e b b e  d e r i v a r e  d a l l ' a s s e n z a ,  su l l e  
p i a s t r i n e  di  r a t t o ,  d i  u n  r e c e t t o r e  p e r  il f a t t o r e  y o n  

27 This work was supported by Contract No. 73-00400-04 of the 
C.N.R., Roma, Italy. The skilful technical assistance of Miss 
AIqNALISA CAVENAGHI is appreciated. 

W i l l e b r a n d  (ac ido s ia l ico  ?) ; p o t r e b b e  e s se re  cos i  s p i e g a t a  
a n c h e  la  m a n c a t a  r i s p o s t a  del le  p i a s t r i n e  a l la  r i s t o c e f i n a .  
Q u e s t i  r i s u l t a t i  s u g g e r i s c o n o  c h e  le p i a s t r i n e  di  r a t t o  
p o s s o n o  esse re  u n  u t i l e  m o d e l l o  s p e r i m e n t a l e  p e r  lo s t u d i o  
de l l a  s i n d r o m e  di  B e r n a r d - S o u l i e r  n e l l ' u o m o .  
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L o w  V i r u l e n c e  a n d  I m m u n o g e n i c i t y  i n  M i c e  a n d  

V i r u s  R e s i s t a n t  t o  5 - I o d o - 2 - D e o x y u r i d i n e  

P r e v i o u s  r e s e a r c h  f r o m  t h i s  a n d  o t h e r  l a b o r a t o r i e s  1-~ 
d e m o n s t r a t e d  t h a t  t h e  r e s i s t a n c e  to  t h e  i n h i b i t o r y  
a c t i o n  of  5 - i o d o - 2 - d e o x y u n d i n e  ( I U d R )  m a y  be  a c c o m -  
p a n i e d ,  in  Pox v i r u s e s ,  b y  a m a r k e d  d e c r e a s e  of  v i r u l e n c e  
fo r  r e c e p t i v e  a n i m a l s .  D a t a  h e r e  r e f e r r e d  to  s h o w  t h a t  t h i s  
a l so  h o l d s  for  Herpes simplex v i r u s e s ,  a n d  s u g g e s t  a 
p o s s i b l e  u s e  of  I U d R - r e s i s t a n t  v a r i a n t s  of  Herpes v i r u s  in  
p r o p h y l a x i s .  

Material and methods. H u m a n  a n e u p l o i d  H E p  2 cel ls  
( A m e r i c a n  t y p e  c u l t u r e  co l lec t ion)  a n d  p r i m a r y  c u l t u r e s  
of  m o u s e  e m b r y o  cells ,  w h i c h  we re  g r o w n  in  E a g l e ' s  
M E M  c o n t a i n i n g  7 %  ca l f  s e r u m ,  we re  u s e d  for  in  v i t r o  
e x p e r i m e n t s .  V i r u s  s t r a i n s  w e r e  Herpes simplex 1 ( N I H )  
a n d  one  o f  i t s  1 U d R - r e s i s t a n t  v a r i a n t s ,  o b t a i n e d  b y  
se r i a l  p a s s a g e s  in  H E p  2 cel ls  in  t h e  p r e s e n c e  of i n c r e a s i n g  
c o n c e n t r a t i o n s  of  I U d R .  

I n  v i t r o  e x p e r i m e n t s  we re  c a r r i e d  o u t  in  cell  m o n o l a y e r s  
(106 cel ls  p e r  s a m p l e )  w h i c h  w e r e  i n f e c t e d  a t  2 0 ~  fo r  1 h 
w i t h  5 i n f e c t i o u s  u n i t s  ( IU)  p e r  cell  of  e i t h e r  v i r u s  s t r a i n ,  
w a s h e d  3 t i m e s  i n  E a g l e ' s  M E M  s u p p l e m e n t e d  w i t h  1 %  
cal f  s e r u m  a n d  i n c u b a t e d  in  t h e  s a m e  m e d i u m  a t  37~ 
I U d R  w a s  a d d e d  a t  t i m e  0 a f t e r  i n f e c t i o n .  24 h l a t e r ,  
cell  c u l t u r e s  w e r e  f r o z e n  a n d  t h a w e d  ( - - 7 0 ~  a n d  
+ 2 0 ~  3 t i m e s  a n d  d e p r i v e d  of cell  d e b r i s  a t  3,000 r p m  
for  5 r a i n  a t  4~  T h e  I U  p r e s e n t  in  t h e  s u p e r n a t a n t  
l i q u i d  w e r e  t i t r a t e d  b y  t h e  e n d  p o i n t  m e t h o d  (6 s t a t i o n a r y  
t u b e s  of I -IEp 2 cel ls  p e r  d e c i m a l  d i l u t i o n ) .  

P a r t  of  t h e  in  v i v o  t e s t s  w e r e  c a r r i e d  o u t  in  y o u n g  
Swiss  m a l e  mice ,  w e i g h i n g  10 t o  12 g, w h i c h  w e r e  i n f e c t e d  
e i t h e r  i .p.  (0.5 ml )  o r  i n t r a c e r e b r a l l y  (0.02 ml) .  T h e  o n s e t  
of  p a r a l y s i s  a n d  l e t h a l i t y  we re  r e g i s t e r e d .  

A l b i n o  m a l e  r a b b i t s  w e i g h i n g  2 to  2.5 k g  w e r e  u s e d  in  
k e r a t i t i s  e x p e r i m e n t s .  E y e s  w e r e  a n e s t h e t i z e d  w i t h  0 . 5 %  
p r o p a r a c a i n e ,  u n i f o r m l y  s c r a t c h e d  3 t i m e s  w i t h  a h y p o -  
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d e r m i c  n e e d l e  a n d  i n f e c t e d  w i t h  2 d r o p s  of  v i r u s  s u s p e n -  
s i on  or  m o c k  i n f e c t e d  w i t h  E a g l e ' s  M E M .  I n  r a b b i t s  
i n f e c t e d  tw ice ,  2 or  30 d a y s  a p a r t ,  t h e  a b o v e  t e c h n i c a l  
p r o c e d u r e  w a s  r e p e a t e d .  T h e  o n s e t  o f  c o n j u n c t i v i t i s ,  
k e r a t i t i s ,  e n c e p h a l i t i s  a n d  t h e  l e t h a l i t y  w e r e  r e g i s t e r e d .  
M o r e  d e t a i l s  a r e  g i v e n  in  t h e  T a b l e s .  

Results. D a t a  in  T a b l e  I s h o w  t h a t  10 se r i a l  p a s s a g e s  
in  t h e  p r e s e n c e  of i n c r e a s i n g  c o n c e n t r a t i o n s  of I U d R  
( f r o m  0.1 u p  to  25 ~ g / m l )  a re  s u f f i c i e n t  t o  o b t a i n  f r o m  t h e  
o r i g ina l  s t r a i n  a v a r i a n t  w h i c h  f u l l y  d e v e l o p s  in  t h e  
p r e s e n c e  of  I U d R  c o n c e n t r a t i o n s  20 t i m e s  h i g h e r  t h a n  

Table II. Pathogenicity and immunogenicity of the IUdR-resistant 
variant of Herpes simplex virus in mice 

1st injection 2rid injection 
(IU i.p.} �9 (IU i.e.)b 

(45 days apart) 

Total No. mice paralyzed and dead 
No. mice injected, at different 
times after the 2nd injection 
I0 30 

-- HSc 108 18/18 18/18 
-- HS 102 13/18 16/18 
-- HS 10 3/18 4/18 

- -  HR c 103 6/18 8/18 
-- HR 102 0/iS 0/18 
--  HR 10 0/18 0/18 

HR c 106 HS c 108 0/18 0/18 
10 ~ HS 10 8 0/18 0/18 
l0 s HS 10 a 0/lS 0/lS 
102 HS 103 3/18 3/18 

~Tissue culture infeetious units given i.p. bTissue culture infectious 
units given intraeerebrally. ~ See table 1. 

Table I. Effect of IUdR on the growth of the IUdR-sensitive strain of Herpes simplex virus and one of its IUdR-resistant variants 

Virus strain (5 IU per cell) �9 Host cells IU~ produced in 24 h in the presence of IUdR (~xg/ml) 

Herpes simplex (HS) 
IUdR-resistant HS variant (HR)b 
Herpes simplex (HS) 
IUdR-resistant HS variant (HR) b 

0 2 20 
I-IEp 2 3.3 • 107 < 104 % 104 
HEp 2 1.6 x 107 5 • 107 3.3 • 107 
Mouse embryo 1.6 x 10 ~ < 104 < 104 
Mouse embryo 8.3 • 105 1.6• 106 3.3 • 106 

qnfect ious units, t itrated in HEp 2 cells bObtained by serially transplanting HS in HEp 2 ceils, in the presence of IUdR ([xg/ml) : 0 .1 -0 .2  
- 0.4 - 0.8 - 1.6 - 3.2 - 6.4 - 12.8 - 25.6. The passages in the presence of 25.6 txg/ml were repeated 5 times and virus pool was then prepared 
by seeding the variant thus obtained in a IUdR - free Eagle's MEM. 
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Table III. Pathogenicity and immunogenicity of the IUdR-resistant variant of Herpes simplex virus in rabbits 
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1st infection (IU i.c.s.), 2nd infection (IU i.c.s.) �9 No. rabbits affected from No. rabbits dead within 
Conjunctivitis Keratitis Encephalitis 15 days from the 2rid infection 

- -  HS b 105 12/12 12/12 12/12 12/12 
--  HS 104 12/12 11/12 11/12 11/12 

--  HR 5 • 106 4/12 o 2/12o 0/12 0/12 
--  HR 5 • 105 0/12 0/12 0/12 0/12 

HR b 2 • 106 HS 105 1/12 1/12 0/12 0/12 
(2 days apart) 

HR 2 • 10 ~ HS 105 0/12 0/12 0/12 0/12 
(30 days apart) 

~Tissue culture infectious units, injected in the conjunctival sac. b See Table I. ~Lesions reversed within 6 days. 

t h a t  inh ib i to ry  for the  pa ren ta l  virus. I t  is n o t e w o r t h y  
t h a t  th is  IU dR - re s i s t ance  is ev iden t  b o t h  in H E p  2 and  
in p r im a ry  mouse  embryo  cells normal ly  endowed wi th  
thymidJne  kinase ac t iv i ty  4. 

Da ta  in Table  I I  show t h a t  on the  basis of the  lethal  
effect  p roduced  by  in t racerebra l  in ject ion in mice, the  
I U d R - r e s i s t a n t  s t ra in  is abou t  200 t imes  less v i ru len t  
t h a n  the  pa ren ta l  virus.  In  addi t ion ,  when  in jec ted  i.p., 
the  I U d R - r e s i s t a n t  va r i an t  p ro tec t s  mice f rom lethal  
inocula of the  pa r en t a l  s t rain,  in jec ted  in t racerebra l ly  
45 days  apar t .  

D a t a  ob ta ined  in r abb i t s  are of more  interest ,  in view 
of the  analogies which  exis t  be tween  r abb i t  and  h u m a n  
herpe t ic  kerat i t is .  As shown in Table I I I ,  eye infect ion 
wi th  as l i t t le as 104 IU  of the  pa ren ta l  sensi t ive s t ra in  of 
Herpes simplex virus  are suff ic ient  to  t r igger  a sequence 
of pathologic  events  (conj unct ivi t is ,  kerat i t is ,  encephali t is)  

1 ]3. LoDDo, M. L. Scmvo and W. FERRARI, Lancet 2, 914 (1963). 
2 YV. FERRARI, ]3. gODDO and M. L. SCHIVO, Virology 26, 154 (1965). 
8 V. I. CHERNOS, K. G. APRIDONIDZE and Yu. Z. GHENDON, J. 

gen. Virol. 6, 355 (1970). 
4 M. A. MARCIALIS, E. BIONDI, A. ATZENI, ]~[. L. SCHIVO, P. UCCHED- 

DO and B. LoDDo, Experientia 29, 733 (1973). 
5 This work has been supported by a Grant of Consiglio Nazionale 

delle Rieerehe, Roma. 

which,  a lmost  in all cases, results  in death .  Eye  t r e a t m e n t s  
wi th  2 • 106 IU  of t he  I U d R - r e s i s t a n t  va r i an t  are, on the  
contrary ,  a lmos t  depr ived  of any  pathological  effect  and, 
moreover ,  p ro t ec t  rabb i t s  f rom highly  act ive  inocula 
(104 IU) of the  pa ren ta l  sensi t ive strain,  in t roduced  by  the  
same way  e i ther  3 or 30 days  a p a r t .  

Research  is in progress  to  es tabl ish  w h e t h e r  and  which  
re la t ionship  exis ts  be tween  IUdR- res i s t ance  and  aviru-  
lence of t he  virus s t ra in  under  s tudy,  and  to  ascer ta in  
w h a t  k ind of mechanism,  e i ther  in terferonic  or i m m u n e  
specific, or both ,  is a t  the  basis  of t he  p ro tec t ion  th is  
virus  induces  in animals  s. 

Rdsumd. Par  passage  en s6rie sur des cellules en cul ture 
et  en pr6sence de 5- iodo-2-desoxyuridine ( IUdR)  on a 
ob tenu  une souche de virus herp6t ique  r6sis tant  ~ I ' I U d R .  
Cette  souche est  trSs peu v i ru lente  chez la souris et  le 
lapin, mais  est  capable  de prot6ger  ces an i mau x  contre  le 
virus pa thog6ne  d 'origine.  
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P R O  EXPERIMENTIS 

A S i m p l e  F l u o r o m e t r i c  A s s a y  f o r  A m p i c i l l i n  i n  S e r u m  

A n u m b e r  of chemical  m e t h o d s  for t he  de t e rmina t i on  of 
ampici l l in are available.  Some of t h e m  lack sens i t iv i ty  
(Bri t ish Pharmacopoe ia ,  1963, a d d e n d u m  1964, p. 2; 
GRAVNETTEROVA1; BUNDGAARD and  ILVER2), or are no t  
appl icable  to  se rum (Br. Pha rmacopoe i a ;  SMITH et al.8; 
BUNDGAARD and  ILVERg). Others  are laborious because of 
an ex t rac t ion  s tep (GRAv~ETTEROVA 1; J u s x o  4) or t i t r a t i on  
procedures  (GRAvI~ETTEROVA1). A f luorometr ic  m e t h o d  
(JusKo 4) is sensi t ive and  can be appl ied to  serum but  is no t  
specific in t h a t  ~-aminobenzylpenici l loic  acid (ampicilloic 
acid) gives the  same response  as ampici l l in  itself. 

A s table  p roduc t  w i th  blue f luorescence is fo rmed f rom 
ampici l l in  a t  p H  5.2 and  100~ in the  presence  of low 
concen t ra t ions  ( <  i mM)  of uranyl  acetate .  The comp o u n d  
has an absorp t ion  m a x i m u m  at  338 n m  and  an emission 
m a x i m u m  a t  415 n m  at  p H  5.2. Fluorescence in t ens i ty  
decreases below p H  3. Benzyl-penici l l in  does no t  give any  
fluorescence. An assay procedure  for ampici l l in  in serum, 

based on these  observa t ions  is p roposed  in the  following. 
The m e t h o d  is s imple because uranyl  ace ta te  achieves 
bo th  depro te in iza t ion  and  colour deve lopment .  

(a) Direct method in serum (in the  absence of ampJcilloic 
acid). In  a po lye thy lene  centr i fuge tube,  9 pa r t s  of serum 
and 5 pa r t s  of a 3.2% (w/v) aqueous  uranyl  ace ta te  
(dihydrate)  solut ion are mixed  by  vigorous shaking for 
1 rain. The prec ip i ta te  is r emoved  by  centr i fuging the  
tubes  for 15 min  at  4,500 rpm,  the  s u p e r n a t a n t  is f i l tered 
t h ro u g h  paper  (Schleicher  and  Schuell  Nr. 5893) into 
glass t e s t  tubes  and  the  clear and  colourless f i l t ra te  is 
hea ted  for 20 min  to 100~ the  tubes  being covered 
wi th  loosely f i t t ing  glass bails to  minimize  evapora t ion .  

1 j .  GRAVNETTEROVX, Clin. ehim. Aeta ll ,  128 (1965). 
2 ]~. BUNDGAARD and K. ILVER, J. Pharm. Pharmac. 2d, 790 (1972). 
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