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curves  wh ich  were para l le l  to  t h a t  of adenos ine  (Figure 1). 
The  cyclic nuc leo t ides  were m u c h  weaker  inh ib i to r s  t h a n  
t he i r  p a r e n t  5 ' - phospha t e s  or nucleosides  (Table  II) ,  and  
a l t h o u g h  p la t e l e t  c l umping  was r educed  in t h e  presence  of 
mi l l imola r  c o n c e n t r a t i o n s  of t h e  cyclic nucleot ides ,  i t  was  
no t  abol ished,  c2 -MeSAMP a n d  c2-C1AMP were signif-  
i can t ly  more  p o t e n t  t h a n  c A M P  (p = 0.05 and  p < 0.05, 
respect ively) ,  w h i c h  h a d  m i n i m a l  i n h i b i t o r y  ac t iv i ty .  
The  samples  of t he  two  ana logs  used in p l a t e l e t  s tud ies  
were free of t he i r  b r e a k d o w n  produc ts ,  2 - m e t hy l t h ioade -  
nos ine  5 ' - p h o s p h a t e  a n d  2-chloroadenosine ,  wh ich  are 
p o t e n t  i nh ib i t o r s  of p la t e l e t  aggrega t ion  (Table  II) .  

W h e n  t he  cyclic nuc leo t ides  were s t i r red  in P R P  for 
per iods  up  to  20 ra in  p r io r  to  t he  a d d i t i o n  of ADP,  a 
m o d e r a t e  increase  in p o t e n c y  was obse rved  in each  case 
(Figure  2). Such  p o t e n c y  increases  m i g h t  be  a n t i c i p a t e d  
if sheep  P R P  p l a s m a  c o n v e r t e d  t h e  cyclic nuc leo t ides  to  
t h e i r  more  p o t e n t  l inear  congeners ,  c2 -MeSAMP and  
c2-C1AMP are s u b s t r a t e s  for  cyclic 3 ' , 5 ' -nuc leo t ide  
phosphod ie s t e r a se  p r e p a r e d  f rom r a t  hea r t ,  a n d  h a v e  
Km values  s imi la r  to  t h a t  of cAMP, a n d  V~,~  va lues  wh ich  
are 60% of t h a t  of c A M P  (unpub l i shed  resu l t s  of LUKAS 
a n d  MAGUIRE). P a p e r  c h r o m a t o g r a p h i c  ana lys i s  of m i x t u r e s  
of P F P  w i t h  c A M P  or c2-C1AMP which  were i n c u b a t e d  
for 2 h a t  37~ de t ec t ed  on ly  t he  s t a r t i n g  nucleot ides ,  
i n d i c a t i n g  t h a t  cyclic 3', 5 ' -nuc leo t ide  phosphod ie s t e r a se  
was a b s e n t  f rom sheep p lasma.  S imi lar ly  on ly  t he  cyclic 
nuc leo t ides  were found  in m i x t u r e s  of P R P  i n c u b a t e d  
w i t h  c A M P  a n d  w i t h  c2-C1AMP. These  o b s e r v a t i o n s  are 
in  accord  w i t h  r epor t s  of t h e  absence  of cyclic 3", 5"- 
nuc leo t ide  phosphod ie s t e r a se  f rom h u m a n  p l a s m a  3, ~, ~8 ; 
t he  e n z y m e  has  a n  i n t r a p l a t e l e t  loca t ion  13 a n d  is re leased 
in b o t h  h u m a n  an d  r a t  P R P  on son ica t ion  ~8,t~. W h e n  
c A M P  was i n c u b a t e d  w i t h  son ica ted  sheep P R P ,  p a p e r  
c h r o m a t o g r a p h y  de t ec t ed  b o t h  c A M P  a n d  inosine,  
d e m o n s t r a t i n g  t h a t  re lease of i n t r a p l a t e l e t  cyclic 3",5"- 
nuc leo t ide  phosphod ie s t e r a se  h a d  occurred,  w i t h  r e s u l t a n t  
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Fig. 2. Effect  of incubat ion t ime on the inhibition of ADP- induced  
platelet aggregation by cAMP (ll), e2-MeSAMP (Q) and c2-C1AMP 
(O). 1.8 mM cAMP, 0.19 mM c2-MeSAMP and 0.9 mM c2-CIAMP 
were incubated in stirred PRP for the times indicated prior to the 
addition of 0.67 [xM ADP. Inhibition is expressed as described in the 
legend to Figure 1. 

hydro lys i s  of c A M P  to A M P ;  sheep p l a s m a  metabo l i ses  
A M P  to  inos ine  v ia  adenos ine  (GOuGH and  MAGUIRE, 
u n p u b l i s h e d  observa t ions ) .  These  f ind ings  i nd ica t e  t h a t  
t he  cyclic nuc leo t ides  are  no t  conve r t ed  to  t h e i r  more  
p o t e n t  i n h i b i t o r y  me tabo l i t e s  in i n t a c t  c i t r a t ed  sheep 
P R P ,  a n d  t h a t  t h e y  i n h i b i t  A D P - i n d u c e d  p l a t e l e t  
aggrega t ion  pe r  se. The  m e c h a n i s m  of ac t ion  of c A M P  in 
i n h i b i t i n g  A D P - i n d u c e d  p l a t e l e t  agg rega t ion  is no t  
unders tood .  I t  is t h o u g h t  to  invo lve  t he  passage  of c A M P  
in to  p la te le t s  t h e r e b y  a u g m e n t i n g  i n t r a p l a t e l e t  c A M P  
levels a, howeve r  t he  i n c o r p o r a t i o n  of i n t a c t  c A M P  in to  
p la te le t s  ha s  n o t  been  d e m o n s t r a t e d .  The  log-dose 
response  curves  o b t a i n e d  for c A M P  and  i ts  two ana logs  in 
th i s  s t u d y  were para l le l  to  t h a t  of adenosine ,  sugges t ing  
t h a t  t he  effects of t he  cyclic nuc leo t ides  m i g h t  resu l t  f rom 
c o m p e t i t i v e  in te r fe rence  w i t h  t he  ac t ion  of A D P  a t  t he  
p la t e l e t  m e m b r a n e ,  as is i nd i ca t ed  for adenos ine  a n d  
AMPS,6,15. W h a t e v e r  t h e  s i te  of ac t ion  of cAMP, c2- 
M e S A M P  a n d  c2-C1AMP, i t  is clear t h a t  2 - subs t i t u t i on  of 
c A M P  b y  m e t h y l t h i o  and  ch lo rogroups  yields ana logs  
h a v i n g  s ign i f i can t ly  g rea te r  i n h i b i t o r y  a c t i v i t y  t h a n  
c A M P  itself. These  analogs,  in wh ich  t he  sa l ien t  s t r u c t u r a l  
f ea tu res  of cAMP, i.e. t h e  cyclic p h o s p h a t e ,  t he  6 -amino  
and  t he  2 ' - hyd roxy l  groups,  r e m a i n  unmodi f i ed ,  should  
p rove  useful  tools  for t he  i n v e s t i g a t i o n  of t he  effects of 
c A M P  on p la t e l e t  f unc t i on  1~. 

Zusammen/assung. Nachweis ,  dass  die zyk l i schen  
Nuk leo t ide  schw~ichere I n h i b i t o r e n  der  A D P - i n d u z i e r t e n  
P l~ i t t chenaggrega t ion  s ind  als die ana logen  5 ' - P h o s p h a t e  
u n d  Nukleos ide ,  wobe i  es s ich u m  eine d i rek te  W i r k u n g  
u n d  n i c h t  u m  den  Ef fek t  e iner  U m w a n d l u n g  in 5'- 
P h o s p h a t e  u n d  Nukleos ide  hande l t .  
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Inf luence  of E m u l s i f i e d  Fat  on  C h l o r p r o m a z i n e  Avai lab i l i ty  in Rabbi t  B l o o d  

Prev ious  s tudies  h a v e  shown  t h a t  in  s impl i f ied  b lood c e n t r a t i o n s  of free f a t t y  acids a. I t  was sugges ted  t h a t  fat ,  
t h e  b u l k  of t he  l ipophi l ic  ch l o r p r om az i ne  (CPZ) is b o u n d  too, could change  t he  d i s t r i b u t i o n  of CPZ in blood. There -  
to  e r y t h r o c y t e s  a n d  to  a l b u m i n ;  on ly  a b o u t  3% of CPZ fore, in t he  p r e sen t  p a p e r  t he  inf luence  of a commerc ia l ly  
are free in  so lu t ion  1 3. The  d i s t r i b u t i o n  of CPZ b e t w e e n  ava i l ab le  f a t  emuls ion  on  t he  f r ac t ion  of free CPZ in 
t he  s torage  depo t s  a n d  t he  aqueous  phase  could be  inf lu-  r a b b i t  blood, as well  as i ts  inf luence  on  t he  acu te  t ox i c i t y  
enced b y  va r ious  drugs,  as well  as b y  re l a t ive ly  low con- of CPZ in r abb i t s ,  has  been  inves t iga ted .  
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Mater ia l  and methods. Animals  : r abb i t s  of mixed  breed 
and e i ther  sex weighing 1.8-2.2 kg were used. Drugs:  
chlorpromazine-HC1 was ob ta ined  f rom Bayer ,  Lever-  
kusen. L ipofund in  S 10 | conta in ing  100 g soybean  oil, 
7.5 g soybean  phosphol ip ides  and  50 g xyl i to l  in 1000 ml 
of wa te r  (Braun, Melsungen) was used as fat  emulsion.  
An aqueous  solut ion of 5% xyl i to l  was purchased  f rom 
Pf r immer ,  Er langen.  

In  v i t ro  expe r imen t s :  1 ml of tile fa t  emuls ion was 
added  to  4 ml  of hepar in ized  r abb i t  blood to  yield a final 
concen t ra t ion  of 25 mg Ia t /ml  and 10 -4 M CPZ. In  control  
expe r imen t s  1 ml of 5% xyl i to l  solut ion was added  to  4 ml 
blood. Fur the rmore ,  cont ro l  expe r imen t s  were carr ied out  
using 5 ml  of normal  r abb i t  blood conta in ing  10 -4 M 

Table I. Influence of emulsified fat (25 mg/ml) on free CPZ content of 
rabbit blood in vitro and on free CPZ content of phosphate buffer 
solution 

Added drug Percentage of free CPZ 

Rabbit blood Buffer solution 

-- 2.05 -4- 0.20 (n 4) b 
Xylitolsolution~ 2.23 J- 0.19 (n4) b 96.2 ~: 2.0 (n6) ~ 
Fat emulsion~ 0.87 ~: 0.11 (n 4) b 0.88 ~: 0.23 (n 6) c 

The initial CPZ concentration was 10 -4 M. Values are given as 
means • S.E.M. ~ 1 ml of xylitol solution and fat emulsion, resp. 
was mixed with 4 ml of rabbit blood or buffer solution, b n, number of 
animals. Dialyses were made in triplicate. ~ n, number of dialyses. 

Table II. Survival of rabbits after a toxic dose of CPZ 

Infusion 25 mg/kg CPZ 30 mg/kg CPZ 
(number of animals) (number of animals) 

Survived Died Survived Died 

- -  0 6 

Fat emulsion 7 0 7 ~ 0 
Xylitol solution 6 1 0 6 

The animals were treated with an infusion of either fat emulsion or 
xylitol solutiorl (1 ml/min) up to 50 ml. 15 min after starting the 
infusion a single dose of CPZ was injected i.v. ~ Two animals died 
2 and 3 h after CPZ application. Different from the xylitol treated 
group with P < 0.01 calculated by the Fisher-test 13. 

Xylitol Fat emulsion 

2~176 [Isoc 

EEG of rabbits before (A), 14 rain after 1 ml/min infusion of xylitol 
solution or fat emulsion (B), and 5 min after 25 mg/kg CPZ applica- 
tion, i.e. 20 min after the infusion was started (C). 

CPZ. These samples  were dialysed in Visking tub ings  
agains t  5 ml  of p h o s p h a t e  buffer  (0.02 M p h o s p h a t e  
conta in ing  0.15 M NaC1, p H  ~ 7.4). The f rac t ion  of free 
CPZ in  the  buffer  solut ion and  the  to ta l  CPZ con ten t  of 
the  dialysed blood were ex t rac ted  wi th  n -hep t ane  conta in-  
ing 1.5% isopentanol  (v/v) and were measured  colori- 
metr ica l ly  in 5 N H2SO 4 conta in ing  FeC1 a (0.1 mg/ml) 4. 
Addi t iona l  dialysis expe r imen t s  were pe r fo rmed  using 
the  p h o s p h a t e  buffer  solut ion conta in ing  10 .4 M CPZ 
(Table I). 

In  vivo s tudies :  3 days  before the  exper imen t s  were 
s ta r ted  4 silver screw electrodes were placed in to  the  skull 
of the  r abb i t s  for E E G  recording 5. The fa t  emulsion or the  
xyl i to l  solut ion were infused i.v., the  perfus ion ra te  was 
1 ml /min.  Af ter  infusion of 15 ml, CPZ.HC1 (25 mg/kg  and  
30 mg/kg,  respect ively)  was given. CPZ was dissolved in 
isotonic saline solut ion and  was a lways in jec ted  in t ra-  
venous ly  in a vo lume of 2.5 ml /kg wi th in  55-65 sec. The 
perfusion was cont inued  w i t h o u t  in t e r rup t ion  to  a f inal  
volume of 50 ml if the  animals  had  not  died af ter  CPZ 
inject ion.  

Results  and discussion. As d e m o n s t r a t e d  in Table I, the  
fa t  emulsion added  to  r abb i t  blood conta in ing  10 -4 M 
CPZ caused a s ignif icant  decrease of t he  f rac t ion of free 
CPZ, whereas  in control  expe r imen t s  in which  only  a 5% 
xyl i to l  solut ion was added,  a s ignif icant  change  in the  free 
CPZ concen t ra t ion  was not  apparen t .  In  compar i son  wi th  
normal  blood there  was no s ignif icant  change  of free CPZ 
concen t ra t ion  by  the  xyl i to l  solut ion added.  I t  m a y  be 
suggested t h a t  CPZ as a l ipophilic drug  was t aken  up by  
the  emulsif ied fa t  and thus  f rac t ion  of free CPZ was 
reduced.  As even the  low concen t ra t ion  of 2% free CPZ is 
still  reduced,  the  emulsif ied fa t  obvious ly  has a grea t  
capac i ty  for CPZ. This  idea is suppor t ed  by  the  a lmos t  
comple te  t r ans fe r  of CPZ from the  buffer  solut ion to t he  
added  fat  emulsion (Table I). 

These in v i t ro  f indings  suggested t h a t  emulsif ied fa t  
r ep resen ted  an addi t iona l  s torage depo t  for CPZ in blood. 
If such a s torage depo t  occurs in vivo,  too, t he  acute  toxic  
effects of CPZ should be decreased.  

In  in vivo s tudies  the  survival  of r abb i t s  a f ter  adminis -  
t r a t i on  of h igh doses of CPZ was chosen to  inves t iga te  the  
effect  of fa t  on acute  tox ic i ty  of th is  drug. The resul ts  are 
summar ized  in Table II .  A dose of 25 mg/kg  CPZ i.v. was 
le thal ;  the  LDs0 in r abb i t s  is 15 mg/kg  i.v. 8. However ,  all 
the  animals  survived af ter  th is  le thal  dose af ter  pr ior  
infusion of the  fat  emulsion,  ye t  6 of 7 animals  also survived 
af ter  pr ior  infusion of the  xyl i to l  solution.  P resumably ,  
under  these  condi t ions  t he  hypo tens ive  effect  of CPZ was 
reduced by  expand ing  p lasma volume and thus  the  animals  
survived.  W h e n  the  dose was increased up to 30 mg/kg  
CPZ all the  animals  p re t r ea t ed  wi th  the  fa t  emulsion 
survived,  whereas  the  animals  p re t r ea t ed  wi th  the  xyl i to l  
solut ion died towards  the  end or shor t ly  af ter  t he  CPZ 
inject ion.  Obviously  cent ra l  effects of CPZ are involved 
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in its toxic  action,  as m a y  be suggested f rom the  E E G -  
changes  (Figure), which  seem to be more  p ronounced  in 
rabb i t s  p re t r ea t ed  wi th  the  xyl i to l  solut ion t h a n  wi th  the  
fat  emulsion.  The survival  of animals  would be due to an 
up take  of CPZ by  the  emulsif ied fat  as the  i.v. infusion of 
a fat  emuls ion leads to  a t e m p o r a r y  l ipemiaF,S Fur the r -  
more, addi t iona l  effects of the  fa t  emulsion migh t  de- 
crease the  acute  tox ic i ty  of CPZ. Sur fac tan t s  like the  
phosphol ip ids  of the  fa t  emuls ion used can reduce the  
diffusion of drugs in to  the  t issue 9. In  addi t ion,  i t  could be 
d e m o n s t r a t e d  t h a t  t he  capi l lary flow in the  mesen te ry  of 
r abb i t s  is lowered in the  presence  of emulsif ied fat1~ a 
decrease of the  capi l lary flow in bra in  would reduce the  
CPZ up take  into the  CNS. 

Infused  fa t  emulsions ha rd ly  enter  the  bra in  n b u t  can 
be t aken  up by  phagocytos i s  by  the  l iver ~2; th is  means  a 
fu r ther  p a t h w a y  of e l iminat ion  for CPZ. The la t te r  effect,  
however ,  is p robab ly  of less impor t ance  to the  acute  
tox ic i ty  of CPZ. F r o m  the  p resen t  results  it  m igh t  be 
concluded t h a t  a fa t  emuls ion in blood can t ake  up lipo- 
phil ic drugs, reduce the i r  f rac t ion dissolved in p lasma  
wate r  and thus  decrease the i r  ac tual  avai labi l i ty  a t  the  
sites of action.  W h e t h e r  th is  effect  m a y  be used for 
the rapeu t i ca l  m a n a g e m e n t  of poisoning due to  CPZ or 
o ther  l ipophilic drugs remains  to  be shown.  

Zusammen/assung. K a n i n c h e n  i iber lebten die letale 
Dosis yon 30 mg/kg  Chlorpromazin  ( i . v . ) n u r  zu sammen  
n i t  einer Fe t t in fus ion  (0,5 ml /kg /min  L ipofund in  S 10| 

Es  konn te  in v i t ro  gezeigt  werden,  dass  der Zusatz  einer 
Fe t t emuls ion  (Lipofundin S 10 | zu K a n i n c h e n b l u t  (25 
mg Fe t t /ml )  den Antei l  an freiem Chlorpromazin  (Ge- 
s a m t k o n z e n t r a t i o n  10 _4 M) von 2,05% auf 0,87% 
herabse tz t .  
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The Effects of N i c o t inamide  on Mouse  Sleep 

We have  previously  reporLed 1 t h a t  me th ion ine  admi-  
n is tered to ra ts  or mice induced  behaviora l  d i s rup t ion  and 
t h a t  the  admin i s t r a t ion  of n ico t inamide  s imul taneous ly  
wi th  meth ion ine  2 did no t  P reven t  d i s rup t ion  of mouse  
s leep/wake cycles. However ,  we did observe t h a t  nicot in-  
amide  when  admin i s t e red  alone appeared  to increase t he  
a m o u n t  of paradoxica l  or rap id  eye m o v e m e n t  sleep (REM) 
which  the  mice had  in a 10 h period.  This  p re sen t  s t u d y  
describes the  effects of n ico t inamide  on mouse  sleep. 

Methods. 30 adult ,  male, r a n d o m  bred  Swiss mice 
weighing be tween  27 and  35 g were used. The mice  were 
housed r andom ly  5 per  cage in a s o u n d - a t t e n u a t e d  room, 
wi th  cont inuous  diffuse l ighting.  Half  of the  animals  were 
in jec ted  dai ly w i th  saline and the  o ther  half  w i th  250 mg/  
kg n icot inamide.  The vo lume in jec ted  was 0.01 ml/g b o d y  
weight ,  given s.c. in the  back. The p H  of the  n ico t inamide  
solut ion was ad jus ted  to  app rox ima te ly  7.4. The in jec t ions  
were admin is te red  at  09.00 h. On day  19 of in ject ion the  
animals  were anes the t i zed  wi th  d iabu ta l  and  imp lan ted  
wi th  4 cort ical  electrodes,  2 over  the  f ronta l  and 2 over  
the  occipital  regions of the  cortex.  A small  surgical clip 
was also f ixed to  the  skull of each mouse.  Den ta l  acrylic 
was bui l t  up a round  the  clip and  electrodes to  hold 
t h e m  in place. The mice were t h e n  placed indiv idual ly  in 

small  cages. They  were allowed to  recover  on day  20, bu t  
were in jec ted  at  the  normal  t imes.  On day  21 t h e y  were 
in jec ted  and h a b i t u a t e d  to  the  small  recording leads 
which  were connec ted  f rom the  imp lan ted  electrodes to a 
polygraph.  On day  22 af ter  in jec t ion  the  po lygraph  was 
s t a r t ed  a t  09.30 h and  run at  a speed of 6 m m  sec conti-  
nuous ly  unt i l  700 pages  of e lec t roencepha logram (EEG) 
record had  been collected (this was app rox ima te ly  10 h 
later).  

Results. VAN TWYVER a and others  4-6 have  shown t h a t  
mouse  E E G  can be classified in to  3 categories:  awake-  
low ampl i tude ,  h igh  f requency  waves ;  sleep - h igh  am- 
pl i tude ,  low f requency  waves ;  and paradoxica l  or IREM 
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The effects of nicotinamide on the percentages of the total recording time for slow wave sleep and rapid eye movement sleep (REM) and 
the percentage of REM of total sleep time 

Compound Slow wave sleep (%) REM (%) REM of total sleep time (%) 
Mean S.D. Mean S.D. Mean S.D. 

Saline 49.8 6.91 6.8 1.35 12.0 2.39 
Nicotinamide 43.1 7.73 7.6 1.50 14.9 2.37 


