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Table II. Effect of 3 and 8 weeks fenfluramine administration on the drug metabolizing activity of rat liver 
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Fenfluramine BPH relat, ft. u./h/g • 104) MAD ([xg aniline/h/g) UDPGT ([zmol glucuronide/h/g) 
(mg/kg) 3 weeks 8 weeks 3 weeks 8 weeks 3 weeks 8 weeks 

Control 1.34 ~_ 0.29 1.56 -4- 0.81 95.6 4- 22.1 107.2 :~ 12.3 12.7 4- 2.6 9.1 -b 2.8 
10 1.59 ~ 0.32 1.49 4- 0.57 115.4 ~= 14.7 105.3 ~: 16.5 15.4 4- 5.2 15.7 4-4- 5.6 
25 1.57 ~: 0.14 2.37 j= 0.88 152.2 • 29.4 b 142.2 ~ 21.4 �9 18.0 + 2.6 b 18.9 4- 2.2 ~ 
50 1.74 ~ 0.64 ~26 i 1.24 177.9 4- 22.1 o 174.6 ~ 15.3 ~ 24.2 ~ 6.5 b 21.1 • 5.4 b 

Fenfluramine Cyt b5 424M10 nm/g Cyt P-450 450-500 nm/g 
(mg/kg) 3 week 8 weeks 3 weeks 8 weeks 

Control 1.74 ~= 0.42 1.35 :L 0.25 0.49 -4- 0.12 0.45 4- 0.23 
10 1.98 z]= 0.31 1.49 =L 0.23 0.70 =t= 0.30 0.52 4- 0.25 
25 2.34 ~ 0.27 �9 1.98 =k 0.25 b 1.08 • 0.43 �9 0.91 i 0.29~ 
50 2.83 ~ 0.14 b 2.27 4- 0.36 b 1.76 4- 0.48 b 1.44 =[: 0.37 b 

The activity figures are means ~ SD. Significance of difference from controls shown by ~ p < 0.05; b p < 0.01 and o p < 0.001. 

So f a r  t h e r e  h a v e  b e e n  no  p u b l i c a t i o n s  c o n c e r n i n g  t h e  
p o s s i b l e  s t i m u l a t i o n  of  d r u g  m e t a b o l i s m  c a u s e d  b y  f e n f l u r -  
a m i n e  in  m a n .  O u r  r e s u l t s ,  w h i c h  c l e a r l y  s h o w  t h a t  3 
w e e k s '  f e n f l u r a m i n e  t r e a t m e n t  a l r e a d y  s i g n i f i c a n t l y  
i n c r e a s e s  t h e  h e p a t i c  d r u g  m e t a b o l i s m  in  r a t ,  i n d i c a t e  
t h a t  t h e  s a m e  m a y  t a k e  p l a c e  d u r i n g  t h e  c h r o n i c  f e n f l u r -  
a m i n e  t r e a t m e n t  in  h u m a n s .  T h i s  m u s t  be  t a k e n  i n  
a c c o u n t  if f e n f l u r a m i n e  t r e a t m e n t  is s t a r t e d  in  p a t i e n t s  
w h o  are ,  for  i n s t a n c e ,  m a i n t a i n e d  o n  a n  a n t i c o a g u l a n t  
t h e r a p y .  
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Zusammen/assung. N a c h w e i s ,  d a s s  F e n f l u r a m i n  in  
D o s e n  y o n  25 u n d  50 m g / k g  p.o.  A r z n e i m i t t e l  a b b a u e n d e  
E n z y m e  s t i m u l i e r t  u n d  d i e  C y t o c h r o m e n  bs  u n d  P - 4 5 0  i n  
d e r  R a t t e n l e b e r  v e r m e h r t .  D e r  i n d u z i e r e n d e  E f f e k t  i s t  
b e r e i t s  n a c h  3 W o c h e n  m a x i m a l .  
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P a r t i c i p a t i o n  o f  R e t i n a l  M e c h a n i s m s  i n  D M T  H a l l u c i n a t i o n s  

T h e  i n d u c t i o n  o f  o p t i c a l  h a l l u c i n a t i o n s  b y  p s y c h o t o -  
m i m e t i c  s u b s t a n c e s  led  t o  g r e a t  e f f o r t s  t o  c l a r i f y  t h e  
a c t i o n  of  t h e s e  d r u g s  in  t h e  v i s u a l  s y s t e m .  I n v e s t i g a t i o n s  
of  e l e c t r i c a l l y  o r  l i g h t  i n d u c e d  e v o k e d  p o t e n t i a l s  u n d e r  
t h e  i n f l u e n c e  of  D- ly se rg i c  a c i d  d i e t h y l a m i d e  ( L S D ) ,  
w h i c h  w a s  k n o w n  t o  p r o d u c e  b e h a v i o r a l  b l i n d n e s s  in  
e x p e r i m e n t a l  a n i m a l s ,  y i e l d e d  d i v e r g i n g  r e s u l t s :  i n t r a -  
c a r o t i d  o r  i n t r a v e n o u s  a p p l i c a t i o n  o f  L S D  in  h i g h  d o s a g e  
d e p r e s s e d  1-4, L S D  in  low d o s a g e  e n h a n c e d  5, s o r  d i d  n o t  
c h a n g e  ~, s t h e  e v o k e d  r e s p o n s e s .  T h e  d e p r e s s i n g  o r  b l o c k -  
i n g  a c t i o n  of  L S D  o n  e v o k e d  r e s p o n s e s  w a s  l oca l i zed  i n t o  
t h e  l a t e r a l  g e n i c u l a t e  b o d y  1, 3, 9, 10. H o w e v e r ,  t h e  r i e ce s s i t y  
of  i n t a c t  o p t i c  n e r v e s  for  t h e  a p p e a r a n c e  of  t y p i c a l  L S D  
h a l l u c i n a t i o n s  a n d  t h e  e f f ec t  o n  t h e  e l e c t r o r e t i n o g r a m  n 
s u g g e s t  t h a t  r e t i n a l  m e c h a n i s m s  p a r t i c i p a t e  in  t h e  e f f ec t  
of  t h i s  d r u g ,  a n d  t h i s  a s s u m p t i o n  w a s  s u p p o r t e d  b y  t h e  
a l t e r a t i o n  o f  t h e  o p t i c  t r a c t ' s  t o n i c  d i s c h a r g e  c a u s e d  b y  
L S D  12, 8. 

Wfethods. T h e  e f f ec t  of  N , N - D i m e t h y l t r y p t a m i n  
(DMT)  is, w h o s e  a c t i o n  is  s i m i l a r  t o  L S D  4,1~ b u t  of  
s h o r t e r  d u r a t i o n ,  o n  a c t i v i t y  of  r e t i n a l  n e u r o n s  w a s  
s t u d i e d  i n  11 a d u l t  c a t s  ( 2 . 5 -4 .0  kg) ,  w i t h  s p e c i a l  c o n -  
s i d e r a t i o n  g i v e n  to  s p o n t a n e o u s  d i s c h a r g e  h i g h l y  a f f e c t e d  

in  o t h e r  b r a i n  s t ruc tu res16 ,17 .  D u r i n g  p e n t o b a r b i t a l  
a n e s t h e s i a  (0,03 g /kg )  t h e  o p t i c  n e r v e  w a s  p r e p a r e d .  
A f t e r  t h e  o p e r a t i o n  t h e  c a t s  w e r e  i m m o b i l i z e d  w i t h  
g a l l a m o n i u m  iod ide .  A c t i o n  p o t e n t i a l s  f r o m  s ing l e  o p t i c  
n e r v e  f i b r e s  w e r e  r e c o r d e d  u s i n g  g l a s s - i n s u l a t e d  P t - I r  
m i c r o e l e c t r o d e s  a n d  c o n v e n t i o n a l  a m p l i f i c a t i o n  is. S p o n -  
t a n e o u s  a c t i v i t y  w a s  a n a l y z e d  w i t h  a : c o m p u t e r  of  
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average  t r ans ien t s  (CAT 1000), the  phas ic  response  to  
diffuse l ight  s t imul i  of 15 cd /m ~ in t ens i ty  and  1 sec 
du ra t ion  was recorded on film. For  comparison,  in 
5 animals  the  l igh t - induced  cor t ica l -evoked po ten t ia l s  
were recorded f rom the  opt ic  pro jec t ion  area (midmargi-  
nal  gyrus) ; 200 single responses  to  diffuse l ight  s t imul i  of 
15 cd /m 2 and 200 msec dura t ion  were averaged  in t he  
CAT 1000. The t es t  subs tance  DMT di lu ted  in saline 
solut ion was in jec ted  in to  the  in te rna l  jugular  vein. 
Ar ter ia l  b lood pressure  was moni to red  f rom the  lef t  
caro t id  a r te ry ;  only  shor t  las t ing t r ans i en t  drug d e p e n d e n t  
changes  were observed.  

Results. The s imi lar i ty  of t he  DMT effect  on the  
ac t iv i ty  of re t ina l  neurons  wi th  all t he  dosages t e s t ed  
(1-5 mg/kg),  p robab ly  due to sa tu ra t ion  wi th  the  lowest  
dosage, jus t i f ied  the  pooling of the  resul ts  for the  presen-  
ta t ion.  In  8 neurons  the  spon taneous  ac t iv i ty  was record-  
ed a t  least  10 min  before and  up to  50 min  af ter  the  
in ject ion of the  drug (Figure 1, curve  1) : Dur ing  the  f i rs t  
few min  the  average spon taneous  ac t iv i ty  decreased,  
increased to levels below the  res t ing  ra te  unt i l  the  10th 
rain, decreased again reaching a m i n i m u m  af ter  20-40 
min  and  the rea f t e r  recovered slowly (Fig. 1, curve 1). 
This long t e r m  depress ing effect,  seen in 7 of 8 neurons  
recorded before and  af ter  drug  appl icat ion,  was s tudied  
also in a s ta t i s t ica l  way  in expe r imen t s  in which  single 
neurons  were no t  isolated long enough  to inves t iga te  the  
t ime  course of the  drug effect.  In  these  exper iments ,  t he  
ac t iv i ty  of individual  neurons  was recorded at  d i f ferent  
t imes  af ter  t he  drug in jec t ion  and  compared  to  the  
discharge ra te  of 29 single uni ts  no t  inf luenced by  DMT. 
The mean  values  of the  act ivi t ies  of 11 neurons  recorded 
10 and  20 min,  9 uni ts  recorded 30, and  7 uni ts  recorded 
40 and  50 min  af ter  DMT injec t ion  are shown in Figure 1, 
curve 2 and  d e m o n s t r a t e  also the  depress ion and  slow 
recovery  of spon taneous  ac t iv i ty  af ter  DMT. Due to  
t a chyphy l ax i s  a 2nd in ject ion of DMT resul ted  in only a 
s l ight  decrease of spon taneous  d ischarge  ra te  (8 neurons),  
a 3rd in an ins ignif icant  a l te ra t ion  (3 neurons).  

The phasic  response  of the  neurons  to  l ight  s t imul i  was 
a l tered in B (on-center) - as well as in D (off-center) 
neurons  (Figure 2) showing the  same biphasic  t ime  
course of t he  drug effect  as t he  spon taneous  discharge 
ra te  (Figure 1, curve 3). The response  charac ter i s t ic  for 
the  cen te r  s t imula t ion  ( 'on'  in t3- and 'off '  in D-neurons)  
was depressed (Figure 2) bu t  also the  reac t ion  of the  field 
sur rounding  (reaction to ' o f f  in B- and  to  'on '  in D- 
neurons) was a l tered  leading to  inhib i t ion  of the  neuron ' s  
a f te rd ischarge  following the  specific response  of the  
recept ive  field. 

The ampl i tude  of visually evoked cortical potentials was 
al tered in dependence  on the  dosage of DMT. F i r s t  
surface pos i t ive  and  f irs t  surface nega t ive  wave  of the  
p r ima ry  complex  1~ were eva lua ted  (Figure 1, curve 4), 
Whi le  low dosages (1-2 mg/kg) had  a s l ight  increasing 
effect  in 2 exper iments ,  h igher  dosages (2-8 mg/kg) 
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Fig. 1. Diagram of the time course of the DMT effect: curve 1 (@): 
percentual change of the average spontaneous activity in 8 neurons 
recorded before and after DMT application; curve 2 (�9 average 
discharge rate of neurons recorded only at different time intervals 
after DMT in comparison to the activity in non-influenced neurons; 
curve 3 (~) : percentual change of averaged primary light response in 
8 neurons (3B and 5D); curve 4 (&): mean pereentual change of 
amplitude between first positive and first negative wave of evoked 
responses in 5 animals. 

Fig. 2. Recordings from one D (off center) neuron before, 2 rain and 
53 min after DMT application (5 mg/kg) showing decrease (2 min) 
and recovery (53 min) of spontaneous activity and of light response. 
Light stimulus of 1 see duration and 15 ed/m ~ is indicated on the 
lower trace of each redorcing. 
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Fig. 3. Effect of 1 and 8 mg/kg DMT on visually evoked cortical 
potentials. Light stimulus: 0.2 see. calibration : 0.1 mV, surface 
positive waves are drawn upwards. 
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depressed  or even  abol i shed  t he  evoked  p o t e n t i a l s  in  all  
e x p e r i m e n t s  (Figure 3) w i t h  a m a x i m u m  of 2-10  m n i  
a f t e r  i n j ec t ion  (Figure  1, cu rve  4). T he  dos age - dependen t  
a l t e r a t i o n  of t he  evoked  responses  cor responds  to t h e  
d ive rg ing  resu l t s  o b t a i n e d  w i t h  L S D  ~-s, w i t h  D M T  only  
a depress ion  was obse rved  in op t i ca l ly  4 and  acous t ica l ly  ~0 
evoked  po ten t ia l s .  E x t e n t  of d i m i n u t i o n  of evoked  
p o t e n t i a l s  and  t i m e  of r ecove ry  were d e p e n d e n t  on  g iven  
dosage, b u t  aga in  t he  f i rs t  i n j ec t ion  was more  effect ive  
t h a n  t h e  fol lowing appl ica t ions .  T he  increase  of evoked  
responses  obse rved  in 2 e x p e r i m e n t s  w i t h  low dosage of 
D M T  m a y  be  due to t h e  depress ing  effect  on s p o n t a n e o u s  
b a c k g r o u n d  a c t i v i t y  lead ing  to a n  i m p r o v e d  s ignal  t o  
noise r a t io  in  t he  p r i m a r y  a f fe ren t  channe l .  W i t h  h igher  
dosage t he  t r a n s m i s s i o n  in t h e  synapses  of t h e  sensory  
p a t h w a y  is inc reas ing ly  impa i r ed  a n d  th i s  resul t s  in  a 
d i m i n u t i o n  or even  abo l i t ion  of t he  evoked  po ten t ia l s .  

Discussion. I t  is ev i den t  f r o m  our  resu l t s  t h a t  D M T  in 
dosages  l ead ing  to  ha l l uc ina t i ons  in  m a n  does no t  affect  
on ly  t he  aynap t i c  t r a n s m i s s i o n  in t he  l a te ra l  gen icu la te  
b o d y  b u t  also t h e  phas ic  response  and  t he  s p o n t a n e o u s  
a c t i v i t y  of r e t i na l  gang l ion  ceils. T he  depress ing  effect  of 
D M T  on t he  s p o n t a n e o u s  a c t i v i t y  is in  cor respondence  
w i t h  i t s  ac t ion  on  o t h e r  neu r ons  ~, ~7, b u t  does no t  ful ly 
agree  w i t h  t h e  L S D  resu l t s  of MOURIZ-GARClA et  al. s. 
The  DMT-caused  a l t e r a t i o n  of t he  s p o n t a n e o u s  a c t i v i t y  
m i g h t  be  of some re levance  for  t h e  or igin of opt ic  ha l lu-  
c ina t ions  : as descr ibed  p rev ious ly  18, 21, 22, m a i n t a i n e d  
i l l u m i n a t i o n  decreases  t h e  d i scharge  r a t e  of r e t ina l  
gang l ion  cells; t he  depress ion  of t he  s p o n t a n e o u s  a c t i v i t y  
caused  b y  D M T  m i g h t  be  i n t e r p r e t e d  b y  t h e  b r a i n  as 
' l i gh t '  a n d  th i s  m a y  c o n t r i b u t e  to  t h e  or igin of a b n o r m a l  
r eac t ions  w i t h i n  b r a i n  s t ruc tu re s  wh ich  are also inf luenc-  
ed, l ead ing  to  ha l luc ina t ions .  B a s i n g  on  t he  k n o w n  
i n t e r a c t i o n  of L S D  a n d  DlVIT w i t h  5 -HT in o t h e r  b r a i n  
regions,  especial ly  r a p h e  neu rons  ~, ~5, a n d  on  t h e  a c t i v i t y  
depress ing  effect  of i n t r a c a r o t i d a l  5 -HT on re t ina l  gan-  

glion cells 2s, t h e  D M T  ac t ion  on t he  a c t i v i t y  of r e t i na l  
neu rons  m a y  be  i n t e r p r e t e d  as i nd i r ec t  ev idence  for  t h e  
ex is tence  of 5 -HT as a t r a n s m i t t e r  in  those  r e t i na l  
synapses ,  wh ich  are  of special  i m p o r t a n c e  for  t h e  or igin 
a n d / o r  t r a n s m i s s i o n  o f  s p o n t a n e o u s  ac t iv i ty .  T h a t  5 - I tT  
was no t  ye t  f ound  m a y  be  due  to  t he  h i g h  inc idence  of 
dopamine rg i c  neu rons  in t h e  r e t i n a  24, b y  whose  f luores-  
cence 5 -HT t e r m i n a l s  m a y  be  concealed  ~5. 

Zusammenfassung. I n t r a v e n 6 s e  I n j e k t i o n e n  v o n  D M T  
(1-5 mg/kg)  b e w i r k t e n  n e b e n  e iner  Ve rk l e ine rung  de r  
visuel l  evoz ie r t en  cor t i ca len  P o t e n t i a l e  u n d  de r  l icht -  
i nduz i e r t en  p h a s i s c h e n  R e a k t i o n e n  r e t ina l e r  Neu rone  
auch  eine s t a rke  V e r m i n d e r u n g  de r  S p o n t a n a k t i v i t ~ t  in  
E inze l fa se rn  des N .op t i cus .  Die  Be funde  sp rechen  ffir 
eine Be te i l igung  r e t ina l e r  M e c h a n i s m e n  be im  Z u s t a n d e -  
k o m m e n  op t i sche r  H a l l u z i n a t i o n e n  u n d  lassen 5 -HT als 
r e t i na l en  T r a n s m i t t e r  v e r l n u t e n .  
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Effect of Hydrocor t i sone  on the Ul tras tructure  of the Smal l ,  G r a n u l e - C o n t a i n i n g  Cells in the  Supe -  
rior Cervical  Gang l ion  of the N e w b o r n  Rat 

Smal l  cells w i t h  a n  in t ense  f o r m a l d e h y d e - i n d u c e d  
c a t e c h o l a m i n e  f luorescence are  p r e s e n t  a m o n g s t  s y m p a -  
t h e t i c  n e r v e  cells in  t he  super ior  cerv ica l  gang l ion  of 
a d u l t  1, 2 a n d  n e w b o r n  3 rats .  E l ec t ron  microscopic  s tudies  
h a v e  s h o w n  t h a t  these  ceils con t a i n  r o u n d  g r a n u l a r  
vesicles, a b o u t  100 n m  in d iamete r ,  in  t he  gangl ia  of b o t h  
a d u l t  4 a n d  n e w b o r n  5 rats .  A d m i n i s t r a t i o n  of hyd roco r t i -  
sone has  been  s h o w n  to  cause  a 10-fold increase  in t he  
n u m b e r  of t he  small ,  i n t ense ly  f luorescen t  ceils in  t he  
s y m p a t h e t i c  gangl ia  of newborn ,  b u t  no t  adul t ,  r a t s  s. The  
p re sen t  s t u d y  was u n d e r t a k e n  to i n v e s t i g a t e  t he  u l t r a -  
s t r u c t u r e  of such  newly  fo rmed  c a t e c h o l a m i n e - c o n t a i n i n g  
cellsl 

Twelve  n e w b o r n  r a t s  of t he  Sprague -Dawley  s t r a in  were 
i.p. i n j ec ted  w i t h  2 0 m g / k g  b o d y  we igh t  of hyd roco r t i sone  
ace t a t e  da i ly  for 7 days.  T h e y  were ki l led 1 d a y  a f t e r  t he  
las t  in jec t ion ,  t o g e t h e r  w i t h  u n t r e a t e d  cont ro l s  of t he  
same  age. The  super ior  cervical  gangl ia  were r e m o v e d  and  
processed for e lec t ron  mic roscopy  us ing  a p rocedure  
genera l ly  found  useful  in  t he  p r e s en t  l a b o r a t o r y  ~. Fol low- 
ing a br ief  in i t ia l  f i xa t ion  in 1% o s m i u m  t e t r o x i d e  in 
0.1 M p h o s p h a t e  buffer  (pH 7.4), t he  t i ssue  was diced a n d  
rep laced  in t h e  same  f luid for  30 ra in ;  i t  was t h e n  washed  
in t he  buf fe r  for 10 ra in  a n d  pos t - f ixed  in buf fe red  5% 
g l u t a r a l d e h y d e  for 30 rain.  Af te r  a 10 m i n  buffer  wash  t he  
t i ssue  was rep laced  in buf fe red  1% o s m i u m  t e t rox ide  for 

30 rain.  Fol lowing a sho r t  r inse  in  dis t i l led  water ,  i t  was  
b lock-s t a ined  in aqueous  s a t u r a t e d  u r a n y l  a ce t a t e  for  1 h, 
d e h y d r a t e d  in a g raded  ace tone  series, i n f i l t r a t ed  in  a 
m i x t u r e  of equa l  vo lumes  of ace tone  a n d  Ara ld i te ,  a n d  
f ina l ly  e m b e d d e d  in Araldi te .  T h i n  sect ions  were cu t  w i t h  
a H u x l e y - C a m b r i d g e  u l t r amic ro tome ,  doub le - s t a ined  w i t h  
a s a tu r ed  aqueous  so lu t ion  of u r a n y l  a ce t a t e  followed b y  
lead c i t r a t e  s a n d  s u b s e q u e n t l y  e x a m i n e d  w i t h  a H i t a c h i  
11 B e lec t ron  microscope.  

Small ,  g r anu l e - con t a in ing  cells w i t h  t yp i ca l  appea r -  
ance  4, 5 were observed  in t he  con t ro l  ganglia .  I n  t h e  gangl ia  
of t he  h y d r o c o r t i s o n e - t r e a t e d  ra ts ,  t h e  smal l  g ranule-  
c o n t a i n i n g  cells were m u c h  more  n u m e r o u s ;  a c lus te r  of 
such  cells in  the  gangl ion  of a h y d r o c o r t i s o n e - i n j e c t e d  r a t  
is i l l u s t r a t ed  in F igure  1. R o u n d  vesicles w i t h  a dense  core 
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