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Al though  on s ta ined t r ans fo rma t ion  smears  and  radio- 
graphic pr ints ,  a rare, labeled e ry thro id  series cell was 
found,  i t  is no t  t h o u g h t  t h a t  th is  even t  con t r ibu ted  
s ignif icant ly  to t he  to ta l  cpm found in the  P W M  st imu-  
la ted dolphin  tubes.  If  a cons is ten t  f inding, the  different ia l  
PHA,  P W M  response deserves  fu r ther  inves t iga t ion  in 
grea ter  number s  of sea mammals .  

Zusammen/assung. Ers te r  Nachweis  der  in vi t ro-  
S t imula t ion  per ipherer  B l u t l y m p h o z y t e n  bet Meers~ugern 
durch  Phy toh / imagg lu t in in  und ~pokeweed~>-Mitogen. 
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Defect ive  R i s toce t in  and Bov ine  Factor  V I I I - I n d u c e d  P la te le t  A g g r e g a t i o n  in N o r m a l  Rats  

Recen t  work  has indica ted  t h a t  h igh molecular  weigh t  
factor  VI I I - r e l a t ed  mater ia l  (HMW-F-VI I I )  of d i f ferent  
an imal  origin induces  aggregat ion of h u m a n  pla te le ts  1-4. 
The iden t i t y  of H M W - F - V I I I  wi th  yon  Wi l lebrand  fac tor  
has  been  suggested ~, 3, 5, s. 

P la te le ts  f rom pa t i en t s  wi th  yon "vVillebrand's disease 
are no t  aggrega ted  b y  the  an t ib io t ic  r is tocet in,  unless a 
source of h u m a n  H M W - F - V I I I  is added  7-1~. In  cont ras t ,  
p la te le ts  f rom pa t i en t s  wi th  Bernard-Soul ie r  (heredi tary  
g iant  platelet)  syndrome  are unrespons ive  to r i s tocet in  
even in the  presence  of H M W - F - V I I I ;  in addi t ion,  t h e y  
are no t  aggrega ted  by  bovine f ibr inogen p repara t ions  l~-aa. 

P la te le ts  f rom rats,  in con t ras t  to  p la te le ts  f rom 
guinea-pigs, were repor ted  ~6 no t  to be aggregated b y  a 
bovine f ibr inogen p repa ra t ion  (Kabi) la te ly  shown to 
conta in  H M W - F - V I I ~  as the  actual  aggregat ing  s t imulus  2. 
The p resen t  s t u d y  was unde r t aken  to  evalua te  w h e t h e r  
ra t  p la te le ts  are indeed unrespons ive  to  purif ied bovine 
H M W - F - V I I I  and whether ,  in ana logy wi th  p la te le ts  f rom 
13ernard-Soulier pa t ien ts ,  t h e y  are also re f rac tory  to 
r is tocet in.  

Blood was ob ta ined  by  ven ipunc tu re  f rom normal  
h u m a n  voluteers  and  by  in t racard iac  punc tu re  f rom 
guinea-pigs and rats.  One - t en th  (v/v) 3.8% t r i sod imn 
ci t ra te  was used as ant icoagulant .  3 d i f ferent  s t ra ins  of 
rats  were used:  Sprague Dawley  (Charles River),  Wis ta r  
(Morini) and  Long  E v a n s  (Servier). The animals  were 
anes the t ized  wi th  e ther  jus t  before blood collection. 
P ta te te t - r ich  p lasma  (PRP) and  p la te le t -poor  p l a sma  
(PPP) were p repared  as previous ly  descr ibedlL Pla te le t s  
were separa ted  f rom p lasma  ei ther  by  gel f i l t ra t ion ~s or 
by  a cent r i fuga t ion- resuspens ion  technique,  r epea ted  
4 times~% In  each test ,  t he  p la te le t  n u m b e r  was  ad jus t ed  
to abou t  300,000/V1. 

Ris toce t in  A (lot 3) (kindly suppl ied by  Lundbeck  & 
Co., Copenhagen,  Denmark) ,  con ta in ing  less t h a n  8% 
r is tocet in  13, was dissolved in isotonic saline; adenosine-  
5 ' -d iphospha te  (Sigma; St. Louis, Missouri, USA) and  
T h r o m b o f a x  (batch No. 8L 118, Or tho Diagnost ic ;  
Rar i tan ,  N.J . ,  USA) were used as previously  described2~ 
na t ive  collagen fibrils f rom equine t endons  were suspended  
in an  organic isotonic buffer  p H  2.8 (Hormon Chemie,  
Munich,  Germany) ;  5,000 t imes  puri f ied H M W - F - V I I I  
(from bovine  plasma) was  a gift  f rom Drs. J. VERMYLEN 
and  D. BOTTECCHIA, L a b o r a t o r y  of Blood Coagulation,  
Un ive r s i ty  of Leuven,  13elgium; par t ia l ly  purif ied HMW- 
F - V I I I  p repara t ions  were also ob ta ined  by  gel chroma-  
t o g r a p h y  of porcine or h u m a n  P P P  as previous ly  de- 
scribed 2. H u m a n  HM~vV-F-VIII was  subsequen t ly  t r ea t ed  
wi th  neuraminidase ,  a procedure  leading to  the  develop-  
m e n t  of an aggregat ing  ac t iv i ty  towards  h u m a n  pla te le ts  4. 

H u man ,  r a t  and guinea-pig pla te le ts  were  s imilar ly 
aggrega ted  by  A D P  (up to 10 -7 M) and  T h r o m b o f a x  
(1/5 dilution) ; in cont ras t ,  5 to  10 t imes  more  concen t ra t ed  
collagen suspensions  were required to ob ta in  similar 
changes  in l ight  t r ansmiss ion  for ra t  as compared  to  b o t h  
h u m a n  and  guinea-pig platelets ,  a f inding a l ready  repor ted  
by  CONSTANTINE 21; ne i the r  r i s toce t in  (up to  3 mg/ml)  nor  
bovine,  porcine or h u m a n  neu ramin idase - t r ea t ed  HMW- 
F - V I I I  p repara t ions  induced  ra t  p la te le t  aggregat ion 
(Figure 1) ; no cons i s ten t  differences were observed among  
the  3 s t ra ins  of ra t s  used. 
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These results  indicate  t h a t  the  previous ly  repor ted  
absence of ra t  p la te le t  aggregat ion  by  bovine  f ibr inogen 16, 
was in fact  due to  the  lack of response  of r a t  p la te le ts  
to bovine H M W - F - V I I I  ; this  is re inforced by  the  observa-  
t ion t h a t  o the r  p repara t ions  o~ H M W - F - V I I I ,  capable  of 
inducing h u m a n  and  guinea-pig p la te le t  aggregat ion,  
failed to  c lump ra t  platelets .  

Al though r is tocet in  in h igh  concen t ra t ion  is known to 
prec ip i ta te  h u m a n  f ibr inogen: ,  we were unable  to de t ec t  
any  prec ip i ta te  af ter  addi t ion  of r i s toeet in  (3 mg/ml) to  
ra t  P R P ;  however,  a t  concen t ra t ions  above  3 mg/ml ,  the  
addi t ion  of r i s tocet in  to ra t  P R P  provoked  an immed ia t e  
decrease of l ight  t r ansmiss ion  beyond  the  0 % value ( P R P  
was ca l ibra ted  at  15% t ransmiss ion ,  t ak ing  the  cor- 
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Fig. 1. Ill vitro platelet aggregation induced in guinea-pig PRP by 
bovine HlV[W-F-VIII (2 [xg/mI) (curve A) and by ristocetin (1.5 rag/ 
ml) (curve B). Absence of rat platelet aggregation by the above- 
mentioned substances (curve C). No shape change 24 was observed in 
any system. The tests were performed in a Born-Michal ~K IV 
Aggregation and Shape Change Monitor (Pharmacological Research, 
England) connected to a two-channel chart recorder (Servoseribe 2, 
type RF 520, Smith's Industries Ltd; England). 
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Fig. 2. In vivo platelet aggregation (expressed as percent of initial 
platelet count) induced in guinea-pig by i.v. injection of ristoeetin 
(20 mg/kg body weight, curve C) or of bovine HMW-F-VIII (60 ~xg/ 
kg body weight, curve D 1. Absence of rat platelet aggregation by the 
above-mentioned substances (curves A and B respectively). Each 
curve is the mean of 2 different experiments. The method of MAc- 
Kx~zt~ et al. 25 was followed for studies in guinea-pigs and the method 
of KOBAYASHI and DIDISHEIM e6 for studies in rats. 

responding  P P P  as 100%): some granular  material ,  
resembl ing  p la te le t  aggregates,  was visible, b u t  was  
poss ibly  due to  f ibr inogen prec ip i ta t ion ;  indeed no 
f ibr inogen 23 could be de tec ted  in e i ther  P R P  or P P P  af ter  
addi t ion  of r is tocet in  and subsequen t  cen t r i fuga t ion  at  
3,000 g for 15 min.  

Addi t ion  of e i ther  h u m a n  or guinea-pig P P P  to ra t  
P R P  before r is tocet in  did no t  provoke  p la te le t  aggrega- 
tion. Bo th  gel-fi l tered and extens ive ly  washed ra t  p la te le ts  
( resuspended ei ther  in tris p h o s p h a t e  buffer  p H  7.4 or in 
r a t  serum or in h u m a n  P P P )  were insensi t ive  to all 
H M W - F - V I I I  p repara t ions  (at all concen t ra t ions  tested)  
and  to r i s tocet in  (up to  3 mg/ml) ;  the  same pla te le t  
prepara t ions ,  however ,  were aggregated b y  r i s toce t in  a t  a 
concen t ra t ion  of 5 mg /ml ;  ex tens ive ly  washed  h u m a n  
platelets ,  r esuspended  in r a t  P P P ,  were normal ly  aggre- 
ga ted  by  r is tocet in.  Bo th  observa t ions  clearly indicate  
t h a t  a p lasmat ic  defect  can be excluded in ra t  and  t h a t  
the  refractor iness  to  r i s tocet in  is due to  ra t  p la te le ts  
themselves .  

Recen t  work 10 has  shown t h a t  p la te le ts  ob ta ined  f rom 
bovine,  porcine, canine and  ursine species were no t  
aggregated,  in the i r  own plasma,  by  r is tocet in ;  a species 
specifici ty for th is  substance,  a t  least  in vitro,  has  been 
suggested;  t h a t  the  defect ive r i s toce t in- induced ra t  
p la te le t  aggregat ion would be due to some in vi t ro  
ar t i fact ,  can  be excluded b y  in vivo exper imen t s  showing 
t h a t  b o t h  bovine H M W - F - V I I I  and r is tocet in  induced a 
marked  fall in p la te le t  count  in guinea-pigs,  b u t  were 
w i thou t  effect  in ra ts  (Figure 2). Similar results  have  
been ob ta ined  by  F. DECLERCK (personal communica t ion)  
af ter  infusion in guinea-pigs and  ra ts  of an H M W - F - V I I I -  
r ich bovine f ibr inogen prepara t ion .  

The lack of response of ra t  p la te le t s  to heterologous 
HMVV-F-VIII  and  to r is tocet in  seems no t  to be of 
impor tance  for the  haemos ta t i c  mechan i sm of th is  animal  
species, as none of the  s t ra ins  s tudied  suffered f rom 
haemorrhag ic  dia thesis ;  a l though the  ques t ion whe the r  
ra ts  need yon  Wil lebrand  factor  for normal  haemos tas i s  
remains  unanswered ,  our observa t ions  add  fu r ther  
suppor t  to the  hypothes i s  p u t  forward by  CONSTANTINE 21 
t h a t  ra t  p la te le ts  are less sensi t ive t h a n  are pla te le ts  f rom 
o the r  an imal  species, to  s t imuli  which may  be re la ted  to 
the  in vivo format ion  of p la te le t  t h r o m b i  in ra t  vessels. In  
addi t ion,  our resul ts  could be re levan t  for a be t t e r  
unde r s t and ing  of some h u m a n  pla te le t  disorders.  

Indeed,  absence of p la te le t  aggregat ion  by  bo th  
r i s tocet in  and bovine f ibr inogen prepara t ions  (the la t t e r  
being r ich in H M W - F - V I I I )  has  recent ly  been repor ted  1~ 
in some pa t i en t s  affected wi th  Bernard-Soul ie r  synd rome ;  
it has  been suggested t~ t h a t  Bernard-Soul ie r  platelets ,  
possibly due to a reduced a m o u n t  of sialic acid on the i r  
m e m b r a n e  2~, are lacking a receptor  for r is tocet in  of for a 
r i s t o c e t i n - H M W - F - V I I I  (yon ~r i l lebrand factor) complex.  

Since pa t i en t s  affected wi th  Bernard-Soul ie r  syndrome  
are re la t ively  rare, r a t  p la te le ts  could be used as a model  
for fu ture  inves t iga t ions  on the  g lycoprote in  composi t ion  
of the  p la te le t  m e m b r a n e  possibly involved in bovine 
H M W - F - V I I I -  and r i s toce t in- induced aggregat ion of 
h u m a n  pla te le ts  4. 
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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 -  

i n  R a b b i t s  o f  V a r i a n t s  o f  Herpes s i m p l e x  

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. 


