
4 5 2  Specialia EXPERI:ENTIA 29/4 

b r a d y k i n i n - i n d u c e d  r e l ea se  of  p r o s t a g l a n d i n - l i k e  m a t e -  
r ia l  12. 

Zusammenfassung .  GP 45 840, d a s  N a t r i u m s a l z  d e r  [o- 
[ (2, 6 - D i c h l o r p h e n y l  ) - a m i n o  ] - p h e n y l ] - e s s i g s / i u r e ,  b e s i t z t  
p h a r m a k o d y n a m i s c h  in  v e r s c h i e d e n e n  T e s t s y s t e m e n  a m  
T i e r  e ine  ausgepr~Lgte  a n t i - i n f l a m m a t o r i s c h e ,  a n t i n 0 c i -  
c e p t i v e  u n d  a n t i p y r e t i s c h e  A k t i v i t i t t .  D a s  P r ~ p a r a t  ze ig t  
e ine  h 6 h e r e  W i r k s a m k e i t  a l s  P h e n y l b u t a z o n  u n d  i s t  
e b e n s o  a k t i v  wie  I n d o m e t h a c i n ;  es i i b e r t r i f f t  in  s e i n e r  

a k u t e n  t h e r a p e u t i s c h e n  B r e i t e  d ie  b e i d e n  V e r g l e i c h s -  
p r i t p a r a t e .  
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Effect of Spreading  Depress ion  on Electrical  Act iv i ty  and Doparnine Turnover  in the S tr ia tum of Rats  

F . p i d u r a l  a p p l i c a t i o n  of  h y p e r o s m o l a r  KC1 s o l u t i o n s  on  
one  h e m i s p h e r e  o f  t h e  r a t  b r a i n  p r o d u c e s  d e p o l a r i z a t i o n  
w h i c h  s p r e a d s  t o  t h e  w h o l e  c o r t e x  1-~ a n d  t h e  s t r i a t u m  of  
t h e  i p s i l a t e r a l  s ide  5 ( s p r e a d i n g  d e p r e s s i o n ,  SD).  T h e  S D  is 
a s s o c i a t e d  w i t h  a n  i n c r e a s e  in  t h e  t u r n o v e r  of  b r a i n  s t e m  
n o r e p i n e p h r i n e  6 a n d  of  s t r i a t a l  d o p a m i n e  ( D A ) 7 , <  H o w -  
ever :  t h e  c h a n g e s  in  e l ec t r i ca l  a c t i v i t y  as  wel l  a s  t h e  co r r e -  
l a t i o n  b e t w e e n  b i o c h e m i c a l  a n d  n e u r o p h y s i o l o g i c a l  e v e n t s  
d u r i n g  a p r o l o n g e d  S D  a r e  n o t  wel l  k n o w n .  T h e r e f o r e ,  in  
t h e  p r e s e n t  p a p e r  t h e  e f f ec t  of  e p i d u r a l  a p p l i c a t i o n  of  
KC1 d u r i n g  1 h o n  t h e  e l e c t r i c a l  a c t i v i t y  a n d  t h e  D A  
t u r n o v e r  in  t h e  b a s a l  g a n g l i a  h a v e  b e e n  i n v e s t i g a t e d .  

Methods. Male  a l b i n o  r a t s  of  W i s t a r  o r i g i n  (F i i l l insdor f ) ,  
w e i g h i n g  2 0 0 - 2 5 0  g, w e r e  a n a e s t h e t i z e d  w i t h  T h i o g e n a l  | 
I n  a f i r s t  g r o u p  of  15 a n i m a l s ,  2 s c r e w  e l e c t r o d e s  w e r e  
i m p l a n t e d  on  e a c h  p a r i e t a l  b o n e  2 a n d  4 m m ,  r e s p e c t i v e l y ,  
f r o m  t h e  s a g i t t a l  l ine  a n d  5 m m  a n t e r i o r  to  t h e  l a m b d a .  
T w o  c o n c e n t r i c  e l e c t r o d e s  (0.3 m m  in  d i a m e t e r )  w e r e  
p l a c e d  in  e a c h  c o r p u s  s t r i a t u m  ( c o o r d i n a t e s :  A = 8.2, 
L = 3.0, V = + 6.0)9. A n  e l e c t r o l y t i c  l e s ion  m a d e  a t  t h e  
e n d  of  e a c h  e x p e r i m e n t  f a c i l i t a t e d  t h e  h i s t o l o g i c a l  con t ro l .  
Al l  b i p o l a r  d e r i v a t i o n s  we re  c o n n e c t e d  t o  a G r a s s  p o l y -  
g r a p h  ( m o d e l  7 B) t h r o u g h  a s h i e l d e d  c a b l e  a t t a c h e d  to  a n  
A m p h e n o l  s t r i  p p l u g  c e m e n t e d  to  t h e  sku l l .  A s e a l e d  p l a s t i c  
c a n n u l a  c o n t a i n i n g - a  c o t t o n  p l u g  m o i s t e n e d  w i t h  0.9~ 
NaC1 w a s  p l a c e d  o v e r  t h e  d u r a  of  t h e  r i g h t  h e m i s p h e r e  
e x p o s e d  b y  a s k u l l  o p e n i n g  2 m m  a n t e r i o r  a n d  3 m m  
l a t e r a l  t o  t h e  l a m b d a .  A s e c o n d  g r o u p  of  92 a n i m a l s  in  
w h i c h  o n l y  t h e  p l a s t i c  c a n n u l a  w a s  i m p l a n t e d  s e r v e d  for  
t h e  b i o c h e m i c a l  a s s a y s .  

T w e n t y  to  24 h a f t e r  t h e  o p e r a t i o n ,  t h e  c o t t o n  p l u g  in  
t h e  p l a s t i c  c a n n u l a  w a s  r e p l a c e d  b y  a n o t h e r  o n e  i m p r e g -  
n a t e d  w i t h  KC1 (25%)  or  NaC1 (20%)  w h i c h  in  t h e  f i r s t  
g r o u p  of  r a t s  w a s  a g a i n  r e p l a c e d  a f t e r  i h b y  p h y s i o l o g i c a l  
sa l ine .  T h e  e l ec t r i ca l  a c t i v i t y  w a s  r e c o r d e d  d u r i n g  t h e  
30 m i n  p r i o r  t o  a n d  4 h f o l l o w i n g  a p p l i c a t i o n  of  KC1 (25%)  
or  NaC1 (20%) ,  t h e  r a t s  b e i n g  k e p t  in  a l a rge  b e l l - s h a p e d  
g l a s s  j a r  u n d e r  n o r m a l  l a b o r a t o r y  c o n d i t i o n s .  

I n  t h e  s e c o n d  g r o u p ,  s o m e  of  t h e  r a t s  we re  d e c a p i t a t e d  
30 o r 6 0  m i n  a f t e r  e p i d u r a l  a p p l i c a t i o n  of  t h e  c o n c e n t r a t e d  
e l e c t r o l y t e  s o l u t i o n s ,  w h e r e a s  in  o t h e r s  KC1 (25%)  or  
NaC1 (20%)  w a s  a g a i n  r e p l a c e d  a f t e r  1 h b y  0 . 9 %  NaC1. 
T h e  a n i m a l s  w e r e  t h e n  s ac r i f i c ed  a t  v a r i o u s  t i m e  i n t e r v a l s .  
R a t s  k i l l ed  2 0 - 2 4  h a f t e r  t h e  o p e r a t i o n  w i t h o u t  e p i d u r a l  
t r e a t m e n t  s e r v e d  a s  con t ro l s .  
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Effect of epidural application of NaC1 or KC1 on the content of endogenous homovanillic acid (HVA) in brain of rats 

Min after electrolyte NaCI, 20 G KC1, 25 % 
application L R L R 

0 . 0.092 ~: 6.006 0.096 ~: 0.005 

30 0.098 i 0.007 0.100 i 0.008 0.112 =k 0.003 0.149 ~ =L 0.007 

60 0.098 ~- 0.004 0.106 ! 0.005 0.108 • 0.005 0.170 �9 i 0.008 

120 0.100 • 0.006 0.109 • 0.006 0.103 ~- 0.003 0.146 ~ -4- 0.003 

180 0.100 :~= 0.005 0.100 :t: 0.004 0.103 i 0.004 0.128 ~ • 0.006 

240 0.105 • 0.010 . 0.112 -4- 0.005 0.093 -4- 0.008 0.098 i 0.009 

20% NaC1 or 25% KC1 was applied on the dura  of the right cerebral cortex at time 0. Some of the rats were decapitated 30 or 60 min later, 
whereas in others the concentrated electrolytes were replaced after 60 min by 0.9% NaCI, and sacrifice followed at the time intervals indicated. 
Operated animals without epidural t reatment  served as controls (=  values for time 0). The concentration of HVA was determined in 2 pooled 
left (L) or right (R) cerebral hemispheres and is expressed in bg/g wet weight. The values represent means with SEM of all determinations 
in 2 3 experiments, each performed with 4 rats per group. ~ p < 0.01 compared to the corresponding left hemisphere. All the other values of 
the  right hemisphere are not significantly different (p > 0.05) from those of the corresponding left hemisphere. 
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The  d e t e r m i n a t i o n s  of homovan i l l i c  acid (HVA) a n d  
D A  were car r ied  o u t  in  two pooled left  or r i g h t  ce rebra l  
hemi sphe re s  (halves  of t h e  b ra in ,  w i t h o u t  cerebeI lum,  
pons  a n d  medu l l a  o b l o n g a t a ) .  H V A  was e x t r a c t e d  w i t h  
n - b u t y l a c e t a t e  ~~ a n d  m e a s u r e d  f l u o r i m e t r i c a t l y n ;  D A  
was also assayed  b y  a f luor imet r i c  m e t h o d  ~. 

Results. 1. Controls .  D u r i n g  t h e  30 ra in  p r e c e d i n g  t h e  
app l i c a t i on  of 25% KC1, t h e  records  of t he  electr ical  
a c t i v i t y  f rom cor tex  and  s t r i a t u m  of b o t h  hemisphe re s  
showed  a n  a l t e r n a t i o n  of p a t t e r n s  of s low-wave  sleep 
(SWS) and  wakefulness ,  w i t h  a p reva lence  of SWS.  I n  
t he  per iods  of wakefulness ,  t he  records  were cha rac t e r i zed  
b y  a r ap id  a c t i v i t y  w i t h  a wave  f r equency  of 25-35/sec  
a n d  40-60 [xV in a m p l i t u d e  (Figure).  D u r i n g  SWS,  a f t e r  
t h e  in i t ia l  sp indl ing ,  slow waves  of v e r y  h i g h  vol tage ,  up  io  
450 ~zV, w i t h  a f r equency  of 4-6 /sec  appeared .  

2. E p i d u r a l  KC1 or NaC1. App l i ca t ion  of 25% KC1 on 
t he  r i gh t  d u r a  p roduced  w i t h i n  1-2 m i n  in t h e  r i gh t  b u t  
no t  in  t he  c o n t r a l a t e r a l  cor tex  a m a r k e d  r e d u c t i o n  of t h e  
f r equency  of t he  e lectr ical  a c t i v i t y  (6-7/sec) w i t h  dis- 
a p p e a r a n c e  of t he  fas te r  r h y t h m s  a n d  decrease  of the  
a m p l i t u d e  (10-20 ~xV) of t he  slow waves  (Figure).  These  
changes  appea red ,  w i t h  a l a t ency  of a b o u t  3 min ,  also in 
t h e  s t r i a t u m  isp i la te ra I  to  t he  KCI app l i ca t ion  in  13 o u t  
of t h e  15 an ima l s  inves t iga ted .  C o n c o m i t a n t l y  w i t h  t h e  
e l ec t roencepha log raph ic  changes  t h e  c o n c e n t r a t i o n  of 

H V A  m a r k e d l y  inc reased  in t h e  i sps i la te ra l  b u t  n o t  in  t h e  
con t ro l a t e r a l  henl i sphere .  Th i s  r ise was  m a x i m a l  1 h a f t e r  
KCI app l i ca t i on  (Table).  

R e p l a c e m e n t  ot KC1 a f t e r  1 h b y  0 .9% NaC1 resu l t ed  in 
a n o r m a l i z a t i o n  of t h e  e lectr ical  a c t i v i t y  w i th in  30 ra in  
(Figure).  The  H V A  c o n c e n t r a t i o n  of t h e  ips i la te ra l  side 
was, however ,  Still e l eva ted  2 h a f t e r  r emo v a l  of KC1, a n d  
con t ro l  levels were r eached  on ly  a f te r  3 h (Table).  The  
D A  c o n c e n t r a t i o n  did  n o t  change  in e i t he r  h e m i s p h e r e  a t  
a n y  t ime.  

W h e n  20% NaC1 in s t ead  of 25% KC1 was appl ied,  
n e i t h e r  e lec t rophys io logica l  (Figure) n o r  b iochemica l  
changes  were o b s e r v e d .  

Discussion. T h e  p r e s e n t  resu l t s  i nd i ca t e  t h a t  p ro longed  
ep idura l  ap p l i c a t i o n  of KCI (1 h) causes  e lec t rophys io-  
logical changes  s imi la r  to  those  found  d u r i n g  s h o r t - t e r m  
(1-5 rain) KC1 exposure  ~-5. T h e y  l a s t  for t h e  pe r iod  of 
app l i ca t i on  of KC1 an d  d i s a p p e a r  r ap id ly  a f t e r  i ts  r emoval .  
The  e lect r ica l  changes  poss ib ly  co r re spond  to  a long- 
l as t ing  b u t  revers ib le  f u n c t i o n a l  i n a c t i v a t i o n  of t h e  
s t r i a tuml -5 ,~a - lL  E x p e r i m e n t s  w i t h  d rugs  conf i rm th i s  
view. Thus ,  a f te r  un i l a t e r a l  ap p l i c a t i o n  of KC1, apo-  
morph ine ,  D - a m p h e t a m i n e  a n d  L-dopa cause  t h e  r a t s  to  
r o t a t e  t o w a r d s  t h e  side of SD zs. Th i s  b e h a v i o u r  is com-  
p a r ab l e  to  t h a t  i nduced  b y  these  drugs  in  r a t s  w i t h  one 
s t r i a t u m  coagu la t ed  x9 a n d  p r o b a b l y  ind ica tes  t h a t  on ly  
t h e  D A  receptors  in t h e  i n t a c t  b u t  n o t  in t h e  depola r ized  
s t r i a t u m  reac t  to  pha rmaco log ica l  s t imu la t i on .  

C o n c o m i t a n t l y  w i t h  t h e  onse t  of changes  in t h e  e lect r ica l  
ac t iv i ty ,  t h e  s t r i a t a l  H V A  c o n c e n t r a t i o n  of t h e  ipsi-  
l a te ra l  h e m i s p h e r e  s t a r t s  rising, whereas  D A  r ema i n s  
una l t e red .  Th i s  increase  in H V A  p r o b a b l y  resu l t s  f rom a n  
e n h a n c e d  t u r n o v e r  of DA. Thus ,  i n h i b i t i o n  of H V A  out-  
f low f rom t h e  b r a i n  is un l ike ly  s ince 5 -hydroxy indo le -  
acet ic  acid (which is t r a n s p o r t e d  b y  t h e  same  m e c h a n i s m  
as H V A  ~0) was n o t  ch an g ed  b y  KC1. I n  addi t ion ,  KC1 b u t  
n o t  NaC1 s ign i f ican t ly  acce le ra ted  t h e  ~ -me thy l .p - ty ros i -  
ne - induced  d i s appea rance  of D A  in t h e  ips i la terM hemi -  
sphereT, s. T h e  m e c h a n i s m  of t h e  e n h a n c e d  D A  t u r n o v e r  
is, hove re r ,  s t i l l  u n k n o w n .  I t  m i g h t  be specu la ted  t h a t  
depo la r i za t ion  i n a c t i v a t e s  a cor t ico-n igra l  or  a s t r i a to -  
n ig ra l  i n h i b i t o r y  p ro jec t ion  ot  t h e  D A  cell bodies.  This  
would  lead to  a n  increase  in  the a c t i v i t y  of dopamine rg i c  
n eu ro n s  and  t h e r e b y  to  a n  e n h a n c e d  D A  t u r n o v e r .  T h e  
pers i s t ence  of a n  increase  of H V A  af t e r  n o r m a l i z a t i o n  of 
t h e  E E G  p a t t e r n  does n o t  c o n t r a d i c t  t h e  a s s u m p t i o n  of a 
possible  causa l  r e l a t ionsh ip  b e t w e e n  decreased  electr ical  
a c t i v i t y  a n d  e n h a n c e d  D A  t u r n o v e r .  Thus ,  t h e  c learance  
of H V A  f rom t h e  b r a i n  p r o b a b l y  t akes  some t i m e  ~ so 
t h a t  increased  levels of t h e  acid m a y  pers i s t  for a l imi t ed  
per iod  of t i m e  a f te r  n o r m a l i z a t i o n  of D A  t u r n o v e r .  

Electroencephalographic activity of the cerebral cortex and striatum. 
A) 30 rain before KC1 application; I3) 30 min after KC1 application; 
C) 30 min after removal of KC1; D) 30 rain after application of 20% 
NaC1. The electrolyte solutions were applied on the dura of the right 
cerebral hemisphere. 1. cortex; 2. striatum; L, left; R, right hemi- 
sphere. 
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Zusammen[assung. Wtthrend einstf indiger  epiduraler  
Appl ika t ion  yon  25% KC1 zeigte sich be~ R a t t e n  eine 
A b n a h m e  der e lektr ischen Akt iv i t~ t  im homola te ra len  
Cortex und S t r i a tum (spreading depression),  die nach  
E n t f e r n u n g  des KC1 revers ibel  war. H i t  dem Auf t r e t en  
yon  EEG-Ver / inde rungen  erfolgte im Gehirn auch ein 
reversibler  Anst ieg  der Homovani l l ins~ure ,  n ich t  aber  des 
Dopamins  (DA), wahrschein l ich  als Ausdruck  eines 
ges te iger ten  DA-Umsa tzes .  Es  wird geschlossen, dasH 
w/ihrend uni la tera ler  epiduraler  KC1-Applikation eine 

Inak t iv ie rung  des homola te ra len  S t r i a tums  bes teht ,  
welche m6glicherweise durch  Desak t iva t ion  einer inhibi-  
tor ischen cortico- und /oder  s t r ia to-nigra len  B a h n  zu einer 
E rh 6 h u n g  des DA-Umsa tze s  fiihrt,  

L. PIERI, G. BARTHOLINI, 
H. H. KELLER and A. PLETSCHER 

Research Department, F. Ho//mann-La Roche 6, Co. Ltd, 
CH-4002 Basel (Switzerland), 2 November 1972. 

Effect of  L o n g - T e r m  F e n f l u r a m i n e  T r e a t m e n t  on  

Fenf luramine ,  N-e thyl -~-methyl -3-  ( t r i f luoromethyl)-  
phene thy lamine ,  is s t ruc tura l ly  re la ted  to  amphe t amine ,  
has  anorexic  act ivi ty ,  bu t  has  been c la imed to  be devoid 
of the  cent ra l  nervous  sys t em s t imula t ing  ac t iv i ty  1. I t s  
acute  and  chronic tox ic i ty  have  been eva lua ted  in var ious  
species 3. Fenf lu ramine  is metabol ized  by  dealkyla t ion  and  
p robab ly  by  s idechain  oxidat ion.  The main  metabo l i t e  of 
fenf luramine  in h u m a n  urine is m- t r i f luoro-methy l -  
h ippur ic  acid 3. We  have  been  in te res ted  to  know w h e t h e r  
long- te rm fenf luramine  t r e a t m e n t  interfers,  and to  w h a t  
ex ten t ,  wi th  the  drug  metabol iz ing  enzymes  of ra t  liver. 

Materials and methods. Male Sprague-Dawley  ra ts  
weighing 250-300 g were d iv ided into 8 groups of 5 each. 
The animals  received food and wa te r  ad l ib i tum.  Once a 
day  t h e y  were given by  s tomach  tube  fenf luramine  hydro-  
chloride aqueous  solut ion e i ther  10 mg/kg  (2 groups), 
25 mg/kg  (2 groups) or 50 mg/kg  (2 groups). The 2 contro l  
groups received only water .  One group of each dose level 
were decap i t a t ed  3 weeks and  the  others  8 weeks af ter  
the  f i rs t  dose. Livers  were r emoved  and homogenized  
in 4 volumes  of 0 .1M p h o s p h a t e  buffer  of p H  7.4. The 
105,000 • g microsomal  f rac t ion was used for the  deter-  
mina t ions  of t h e  act ivi t ies  of benzpyrene  hydroxy lase  
(BPH) 4, N-methy l -an i l ine  deme thy la se  (MAD) ~ and  
uridine d iphosphoglucurony l  t ransferase  (UDPGT)o.  The 
ey tochromes  P-450 and  b~ were q u a n t i t a t e d  as descr ibed 
by  OMURA and SATO 7. Significance o f  difference f rom 
controls  was calcula ted using the  S t u d e n t ' s  t-test .  

Results and discussion.In con t ras t  to  numerous  a m p h e t -  
aminel ike  drugs,  fenf luramine  has  been repor ted  to  
p roduce  grea ter  loss of weight  and  fewer side-effectsS: 
In  our s tudies  we found  a sl ight  reduc t ion  in food con- 
sumpt ion  and  a r e t a rda t ion  of  weight  gain which,  how- 
ever, was s ignif icant  (p < 0.05) only  in the  group receiving 
the  largest  dose (50 mg/kg) of fenf luramine  for 8 weeks. 
The animals  receiving 25 or 50 mg/kg  of fenf luramine  
dai ly p.o. showed hyperexc i t ab i l i ty  a t  the  beg inn ing  of 
the  t r e a t m e n t .  This  is con t r ad i c to ry  to  m a n y  o ther  

Table I. Relative liver weights of rats receiving 10, 25 and 50 mg/kg 
of fenfiuramine hydrochloride for 3 and 8 weeks 

Fenfluramine 3 weeks treatment 8 weeks treatment (mg/kg) 

Controls 2.69 q- 0.09 2.56 -b 0.19 
10 2.91 ~ 0.33 2.80 -f- 0.23 
25 3.24 -~ 0.39 ~ 3.33 -b 0.26 ~ 
50 3.61 -V 0.33 b 3.47 -t- 0.08 ~ 

The values are expressed as g liver]100 g body weight • SD. Signif- 
icance of difference from controls shown by ~ < p 0.01 ; b < p 0.001. 

D r u g - M e t a b o l i s m  in Rat  

s tudies  9-11, which  indicate  r a the r  a sedat ive  effect,  bu t  is 
in ag reemen t  w i th  those  of EVERETT et  al. 12 who observed 
t h a t  a mean  dose of 6.1 mg/kg  of fenf luramine  given i.p. 
increased subs tan t i a l ly  the  mo to r  ac t iv i ty  in rats .  
In te res t ing ly  enough,  it  ha s  been  shown by  COSTA et al. 13 
t h a t  fenf luramine  possesses similar  types  of ac t ion on 
bra in  amines  to amphe t amine ,  e.g. it  depletes  the  bra in  
noradrena l ine  content .  

In  bo th  our  t r ia ls  t he  doses of 25 and  50 mg/kg  caused 
a s ignif icant  increase in t he  re la t ive  l iver  weights  shown 
ill Table I, b u t  in histological  examina t ions  no morpho-  
logical changes  coul d be found.  The increase in the  re la t ive 
l iver weight  is co mmo n  to m a n y  induc ing  agents  because 
t h e y  produce  prol i fera t ion of t he  endoplasmic  re t iculum 
and increase t he  p ro te in  con ten t  of the  liver. As can be 
seen in Table II,  b o t h  h igher  doses of fenf luramine  really 
s t imula ted  the  drug metabol iz ing  capac i ty  of t he  ra t  l iver 
microsomes.  This  effect  is mos t  clearly seen as an enhance-  
m e n t  of MAD ac t iv i ty  and  the  a m o u n t  of Cytochrome 
P-450. The inducing effect  was a l ready max ima l  af ter  
3 weeks '  t r e a t m e n t .  Fenf lu ramine  causes a Type  I 
different ia l  spec t rum when  b inding  wi th  Cytochrome 
P-450 (unpubl ished observat ion)  which indicates  t h a t  i ts  
me tabo l i sm m a y  be acceIerated by  a phenoba rb i tM- type  
of inducing agents.  I t  has  recent ly  been  shown t h a t  
fenf luramine  m a y  also s t imula te  its own metabo l i sm 14, 
which  possibly explains  the  d i sappearance  of the  hyper-  
exci tabi l i ty  men t ioned  and  the  lack of toxic  s y m p t o m s  
af ter  8 weeks '  t r e a t m e n t  w i th  the  dose up to abou t  half  
of the  LD 50, which,  according to GILBERT et al. ~, is 
126 mg/kg.  
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