
15.4. 1975 Speeialia 4 7 1  

As shown  in t he  Table ,  t h e  r eac t i on  of N - a c e t o x y - A A F  
w i t h  guanos ine  in ci t r ic  acid resu l t s  in  a h igh  yield of 
guanos ine -AAF4,  5, whi le  t he  s ame  r eac t i on  in ascorbie  
acid resu l t s  in  a n  80% i n h i b i t i o n  of g u a n o s i n e - A A F  
fo rma t ion .  I n  con t ras t ,  t h e  yield of p r o d u c t  f rom N- 
ace toxy -4 -ace t amidos t i l bene  a n d  guanos ine  was r e l a t ive ly  
una f fec t ed  b y  t h e  m ed i um ,  a n d  is c o m p a r a b l e  to  t h a t  
f ound  ear l ier  5. As n o t e d  ear l ier  b y  LOTLIKAR 6, t he  
r eac t ions  of es ters  of N - h y d r o x y - A A F  resu l t  in  smal l  
a m o u n t s  of AAF,  exp la ined  l a t e r  as be ing  due  to  h y d r o g e n  
a b s t r a c t i o n  f rom so lven t  b y  t he  t r i p l e t  fo rm of t he  N-2- 

Reactions of N-acetoxy-N-arylacetamides with guanosine, in the 
presence and absence of ascorbic acid 

Compound Medium YieId of Amide formed 
guanosine adduct 
(%) (%) 

N-acetoxy-AAF citric 83 6 
N-acetoxy-AAF ascorbic 17 30 
N-acetoxy-AAS citric 12 % 1 
N-acetoxy-AAS aseorbie 12 < 1 
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Reduction of N-2-fluorenyl-N-acetyl nitrenium ion by ascorbic acid. 

f l u o r e n y l - N - a c e t y l n i t r e n i u m  ion (AAF+) 7. W e  obse rved  
th i s  in t he  ci t r ic  acid med ium,  b u t  found  A A F  f o r m a t i o n  
to  be  increased  5-fold in t he  asc0rbic  acid med ium.  W h e n  
g u a n o s i n e - A A F  was i n c u b a t e d  s epa ra t e ly  w i t h  ascorbic  
acid, no  d e s t r u c t i o n  of th i s  ma te r i a l  was seen. 

Thus,  we h a v e  n o t e d  t h a t  t h e  r eac t ion  of N-ace toxy -  
N A F  w i t h  guanos ine  is g rea t ly  i n h i b i t e d  b y  ascorbic  acid, 
b u t  t h a t  t he  r eac t ion  of N - a c e t o x y - A A S  is not .  F r o m  this ,  
we conc lude  t h a t  t he  ascorbic  acid does n o t  ac t  d i r ec t ly  
on  u n r e a c t e d  N - a c e t o x y - N - a r y l a c e t a m i d e .  W e  h a v e  
a l r eady  shown,  however ,  t h a t  N - a c e t o x y - A A F  forms  a 
t r i p l e t  species, whi le  N - a e e t o x y - A A S  does no t  7. Thus ,  i t  
appea r s  t h a t  ascorbic  acid is oxidized b y  t r i p l e t  A A F +  
t h r o u g h  a b s t r a c t i o n  of H f rom t h e  ascorbic  acid (see 
Figure) .  Such  a n  oxidatioi1 is c o m m o n  for  ascorbic  acid, 
a n d  is p r o b a b l y  t he  r eac t ion  t y p e  b y  wh ich  ascorbic  acid 
r emoves  n i t rous  acid f rom a n i t r o s a t i o n  mix tu re .  

I f  t h i s  i n h i b i t i o n  of a d d u c t  be tween  a r o m a t i c  amine  
and  guanos ine  is specific for r eac t ions  i nvo lv ing  t r i p l e t  
n i t r e n i u m  ions, as i t  appea r s  to  be, t he  poss ib i l i ty  of 
us ing  ascorbic  acid as a p r o p h y l a c t i c  aga in s t  a r o m a t i c  
a m i n e - i n d u c e d  t u m o r s  would  a p p e a r  to  be  r e s t r i c t ed  to  
those  cases in wh ich  t h e  n i t r e n i u m  ion will fall  i n to  a 
t r i p l e t  s ta te .  A t  p resen t ,  i t  is no t  k n o w n  how m a n y  aro-  
m a t i c  amines  would  lead to such  ions, no r  is i t  k n o w n '  
w h e t h e r  ascorbic  acid i nh ib i t s  even  A A F  carcinogenesis .  
This  reac t ion ,  nonethe less ,  seems to be  a p o i n t  of con t ro l  
in  carc inogenesis  w o r t h  a d d i t i o n a l  s tudy .  

Zusammen/assung. Die R e a k t i o n  des Karz inogens  N- 
ace toxy -2 -ace t amido f luo ren  m i t  G u a n o s i n  wi rd  d u r c h  
Ascorbins/ iure ,  j edoch  n i c h t  d u t c h  Z i t ronens / iu re  ge- 
h e m m t .  Diese t t e m m u n g  b e w i r k t  e ine v e r m e h r t e  Bil-  
d u n g  yon  2-Ace tamidof luoren .  A n s c h e i n e n d  r eag ie r t  
Ascorb ins~ure  m i t  d e m  N - 2 - F l u o r e n y l - N - a c e t y l n i t r e n i u m -  
t r i p l e t t  u n t e r  B i l dung  v o n  A c e t a m i d o f l u o r e n  u n d  oxi-  
d i e r t e r  Ascorbins/ iure .  
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Fever Produced in Rabbits by N 6, OV-Dibutyryl Adenosine 3',5'-Cyclic Monophosphate 

Prev ious  e x p e r i m e n t s  h a v e  s h o w n  t h a t  t he  fever  
r eac t ion  in  r a b b i t s  fol lowing t h e  i.v. i n j ec t ion  of va r ious  
exogenous  or endogenous  p y r o g e n s l ,  2 is assoc ia ted  w i t h  
increased  c o n c e n t r a t i o n s  of p r o s t a g l a n d i n s  of t h e  E series 
(PGE)  in t h e  ce reb rosp ina l  f lu id  (CSF). I n  add i t ion ,  
in jec t ions  of P G E  in to  t h e  l a t e ra l  or t h i r d  ce rebra l  
ven t r i c les  of d i f fe ren t  m a m m a l s  were found  to  p roduce  
fever  3. The  h y p o t h e s i s  of P G E  as m e d i a t o r s  in  fever  
genesis is s u p p o r t e d  also b y  t he  f i nd ing  t h a t  i n h i b i t i o n  of 
p r o s t a g l a n d i n  s y n t h e t a s e  is t h e  m e c h a n i s m  u n d e r l y i n g  t h e  
ac t ion  of an t ipy re t i c ,  asp i r in- l ike  d rugs  4. T he  p h a r m a c o -  

logical  effects of p r o s t a g l a n d i n s  seem to  be  m e d i a t e d  in 
severa l  endocr ine  o rgans  v ia  adenos ine  3', 5"-cyclic mono-  
p h o s p h a t e  (cyclic AMP) accord ing  to t he  ' second messen-  
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ger hypo the s i s '  of SUTHERLAND et  al. 5. Since we found  in 
CSF  of r a b b i t s  du r ing  fever  i nduced  b y  E. coli-endotoxin s 
or Newcas t le  disease v i rus  7 2-fold h ighe r  concen t r a t i ons  of 
cyclic A M P  ill compar i son  to  n o r m a l  values,  i t  m i g h t  be  
possible,  t h a t  l ikewise genesis of fever  depends  on  e n h a n c e d  
ce rebra l  levels of cyclic AMP. I n  t h e  p r e s en t  s t u d y  we 
the re fore  examined ,  w h e t h e r  cyclic A M P  or i ts  de r iva t e  
N6, O= ' -d ibu tyry l  cyclic A M P  ( d i b u t y r y l  cyclic AM]?) 
h a v e  a n  effect  on  b o d y  t e m p e r a t u r e  of r a b b i t s  a f t e r  
i n t r a v e n t r i c u l a r  a n d  i.v. in jec t ion .  

Cyclic A M P  and  d i b u t y r y l  cyclic A M P  (Boehringer ,  
M a n n h e i m )  were in jec ted  in to  conscious r a b b i t s  of 
un i fo rm  b reed ing  (cross b e t w e e n  W i d d e r  a n d  D e u t s c h e r  
Riese,  2.5 to  3.0 kg) t h r o u g h  t he  m a r g i n a l  ear  ve ins  or 
t h r o u g h  modif ied  Collison cannulas ,  wh ich  h a d  been  
i m p l a n t e d  p e r m a n e n t l y  in to  t h e  l a te ra l  ce rebra l  ven t r ic les  
as descr ibed b y  HASSELBLATT and  SPROULL s. 

The  nuc leo t ides  were dissolved in pyrogen- f ree  sod ium 
chlor ide  (0.9%) a n d  t h e  so lu t ions  were s ter i l ized b y  
m e m b r a n e  f i l ter ing.  Cont ro l  an i m a l s  rece ived  equa l  
vo lumes  of t he  solvent .  R e c t a l  t e m p e r a t u r e  was recorded  
the rmoe lec t r i ca l ly  and  m o n i t o r e d  con t i nuous l y  ~. 

Af te r  t he  i.v. a d m i n i s t r a t i o n  of cyclic A M P  or d i b u t y r y l  
cyclic A M P  w i t h  doses up  to  1.5 mg/kg ,  rec ta l  t e m p e r a t u r e  
r e m a i n e d  unchanged .  Th i s  m i g h t  i m p l y  t h a t  the  nucleo- 
t ides  do no t  cross t he  b l ood - b r a i n  bar r ie r .  Likewise,  
in jec t ions  of cyclic A M P  in to  t h e  l a te ra l  ven t r i c l e  w i t h  
doses up  to 100 ~xg/kg h a d  no  effect  u p o n  t e m p e r a t u r e ,  
i nd i ca t i ng  a r ap id  i n a c t i v a t i o n  b y  phosphod ie s t e r a se  
(Y :5 ' - cyc l i c -AMP 5 ' -nuc leo t idohydro lase ,  EC 3.1.4.17), 
wh ich  is a b u n d a n t  in all b r a i n  regions  excep t  ce rebe l lum 9. 
I n t r a v e n t r i c u l a r  in jec t ions  of d i b u t y r y l  cyclic A M P  
p roduced  no  fever  w i t h  doses up  to  15 tzg/kg. However ,  
w i t h  25 or 50 ~zg/kg, t he  effect  shown  in t h e  F igure  was 
observed .  A s l ight  decrease  of t e m p e r a t u r e ,  wh ich  las ted  
for a b o u t  20 ra in  was followed b y  a n  e l eva t ion  of t e m p e r -  

a t u r e  of a b o u t  2 ~ Th i s  r eac t ion  was assoc ia ted  w i t h  
increased  v e n t i l a t i o n  a n d  locomoto r  ac t iv i ty .  2 h a f t e r  
t h e  in ject ion,  t e m p e r a t u r e  b e g a n  to decrease  s lowly and  
t he  an ima l s  r e t u r n e d  to  n o r m a l  behav ior .  I n j ec t i ons  w i t h  
h igher  doses (75 to  200 Fg/kg) of d i b u t y r y l  cyclic A M P  
p roduced  a r ap id  increase  of t e m p e r a t u r e  and  cycl ical ly 
recur r ing  episodes of ca t a ton i a ,  h y p e r a c t i v i t y  and  
convuls ions .  1 h a f t e r  t h e  in j ec t ion  t e m p e r a t u r e  was  
above  41~ a n d  t he  an ima l s  d ied  a f t e r  general ized 
convuls ions .  

The  p re sen t  resul t s  sugges t  a r e l a t i on  of cyclic A M P  
levels in  b r a i n  regions  ad jo in ing  t he  ce rebra l  ven t r i c l e  
s y s t e m  to fever  p roduc t ion .  The  fac t  t h a t  t he  effects 
obse rved  were on ly  evoked  b y  d i b u t y r y l  cyclic A M P  a n d  
were of r e l a t ive  long dura t ion ,  impl ies  t h a t  once inside t he  
cells th i s  de r iva t e  is no t  easi ly des t royed  b y  phospho-  
diesterase.  The  doses needed  to o b t a i n  any  effect  a t  all  are 
cons ide rab ly  above  t h e  phys io logica l  range.  However ,  t h i s  
does no t  necessar i ly  m e a n  t h a t  t he  resu l t s  o b t a i n e d  h a v e  
no physio logica l  s ignif icance.  Fo r  ins tance ,  pe r iphe ra l  
t i ssues  c o n t a i n  t he  cyclic nuc leo t ide  in c o n c e n t r a t i o n s  
r ang ing  f rom 10 -6 to  10 -s M 10, ye t  t h e  c o n c e n t r a t i o n s  of 
exogenous  cyclic A M P  or i t s  de r iva t i ve s  used in v i t ro  to  
mimic  t he  effects of va r ious  h o r m o n e s  is o f ten  in t h e  order  
of 10 -3 M 11. 

_ks p r o s t a g l a n d i n s  of t h e  ]E series are k n o w n  to  increase  
levels  of cyclic A M P  in va r ious  cu l tu red  cells of t he  cen t r a l  
ne rvous  s y s t e m  12, t he  p r e sen t  resul t s  f avor  t h e  concep t  
t h a t  t h e  pyrogen ic  effect  of p r o s t a g l a n d i n s  is m e d i a t e d  v ia  
increased  cyclic A M P  levels ill b r a i n  regions  respons ib le  
for t e m p e r a t u r e  regula t ion .  I t  shou ld  be  m e n t i o n e d  t h a t  
t he  i n t r a v e n t r i c u l a r  in jec t ions  of p r o s t a g l a n d i n s  in to  
ca ts  13 p roduced  v e g e t a t i v e  effects  a n d  changes  in 
behav ior ,  some of wh ich  were s imi la r  to  those  obse rved  
d u r i n g  our  s t u d y  a n d  wh ich  m i g h t  also h a v e  been  m e d i a t e d  
b y  cycl ic  A M P  1~. 
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Effect of dibutyryt cyclic AMP (db cAMP, 50 btg/kg, 0.1 ml) injected 
into the left lateral ventricle on rectal temperature of conscious 
rabbits (n = 2). Control animals received 0.1 ml of 0.9% NaC1 (n = 
2). 

Zusammen/assung. Die I n j e k t i o n  y o n  N ~ - 2 ' - 0 - D i b u t y -  
r y l - a d e n o s i n - 3 ' 5 ' - m o n o p h o s p h a t  in  den  l a t e ra l en  H i r n -  
v e n t r i k e l  yon  K a n i n c h e n  f i ihr t  zu e iner  l a n g a n h a l t e n d e n  
F iebe r r eak t ion ,  was  v e r m u t e n  l~sst, dass  zykl isches  
A d e n o s i n - 3 ' : 5 ' - m o n o p h o s p h a t  als we i te re r  Med ia to r  in  
der  Genese des F iebers  fungier t .  
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