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Biochemical Observations o n  L S D - 2 5  a n d  Deseril 
Since the discovery of the hallucinogenic action of 

Delysed (LSD-25, d-tysergic acid diethylamide) x and of 
its high potency and specificity in blocking the peripheral 
effects of serotonin 2, many at tempts  have been made to 
elucidate these properties and to correlate them a-~. 
A study of the serotonin-antagonistic qualities of a large 
number of lysergic acid derivatives revealed that  Deseril 
(UML 491, 1-methyl-d-lysergic acid butanolamide) was 
one of the most active compounds~aL As this drug was 
practically devoid of central effects, it could also be used 
clinically and has proved to be of value in the sympto- 
matic t rea tment  of carcinoid patients ~s,19 and in the 
prevention of some forms of vascular headache ~0 

Although there is some evidence tha t  the psychotomi- 
metic action of LSD is mainly structure-specific, the 
question arises whether the possibility of entering the 
brain is identical for various lysergic acid derivatives. 
Depending on lipid-solubility or other factors, small 
changes of the molecule may lead to a selection at  the 
blood-brain barrier (BBB). The examination of LSD and 
Deseril in this respect was the purpose of the following 
experiments 2~ 

3/Iethods and Materials .  Throughout  the experiments,  
female rats weighing 170-200 g were used. All animals 
were decapitated exactly 20 min after i.v. injection of the 
following doses of LSD:  1, 3, and 10 mg/kg respectively 
Deseril: 1, 3, 10, and 30 mg/kg. All doses are below the 
LD~0 values (LSD: 16.5 mg]kg; Deseril: 125 mg/kg) and 
some are in the range of those used pharmacologically, 
To avoid coagulation each animal was given i.p. injections 
of 1.0 ml 3%0 heparin solution immediately prior to the 
drug. The blood was iced without  delay and brain, lung 
and the muscles of both hind-legs were homogenized with 
chilled water. All samples were kept at  -10°C until ex- 
traction (max. 72 h). For each estimation the homogenates 
of 2 animals were pooled. LSD and Deseril were used in 
the form of the tar t rates  and all values given are related 
to these salts. 

As shown by AXELROD 22, LSD can be extracted from 
tissue in n-heptane and returned to 0.004 N HC1 with gcod 
recovery. We not only confirmed this, but  found, in 
addition, tha t  the same procedure is suitable for Deseril. 
Extract ion and fluorimetric estimation of LSD and De- 
seril can therefore be carried out as follows: 

1 g tissue is homogenized with 5 ml distilled water in a 
Waring blender or with a Pot ter  type homogenizer. 1 ml 
blood is diluted with 5 ml distilled water. 25 ml washed 
n-heptane, 0.5 ml 1 N NaOH and about  5 g NaC1 are 
added to 6 ml homogenate or diluted blood in a stoppered 
centrifuge tube. The tube is shaken for 30 min and centri- 
fuged. 20 ml of the heptane phase are transferred to a new 
centrifuge tube containing 3 ml of 0.004N HC1, shaken 
for 10 rain and centrifuged. The fluorescence of the acid 
phase is measured in an Aminco-Bowman spectrofluoro- 
photometer  using quartz cuvettes. The activation and 
fluorescence wavelengths for LSD are: 320 m~ and 
435 m~z respectively and for Deseril: 330 mv and 435 m~ 
respectively (uncorrected instrument values). Tissue 
blanks from untreated control animals as well as the cor- 
responding internal and external  standards were carried 
through with each extraction. All estimations were made 
in duplicate. 

Results .  Almost instantaneously after the injection of 
even a dose as small as 1 mg/kg LSD, the animals showed 
hyperact ivi ty with convulsive movements and, in the 
higher dose range, generalized body tremors. After 
Deseril no behavioural changes could be observed, except 

slight hypersensitivity to noise and handling. 

The drug concentrations found in the various tissues 
20 rain after the injection of increasing doses of LSD and 
DeseriI are plotted in the Figure and show for both corn- 
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Blood and tissue concentration curves of LSD and Deseril 20 rain 
after i.v. injection of various doses of the drugs. Each point  repre- 

sents the mean of 2 experiments. 
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pounds l inea r i ty .  The  h i g h e s t  c o n c e n t r a t i o n s  were found  
in the  lungs .  Th i s  f ind ing ,  as fa r  as  L S D  is concerned ,  
accords w i t h  ear l ie r  o b s e r v a t i o n s  in  mice  ( expe r i m en t s  
with  C1Mabet led  LSD ~-~) a n d  ca t s  ( f luor imet r ic  est i-  
mation-~% T h e  levels  of  L S D  a n d  Deser i l  in b lood  a n d  
muscle are  a b o u t  t h e  s ame  b u t  de f in i t e ly  lower  t h a n  in t he  
lungs. I n  t he  b ra in ,  however ,  t h e  two  c o m p o u n d s  b e h a v e  
quite d i f fe ren t ly .  W h e r e a s  in  t h e  case of L S D  t h e  b r a i n  
values closely r e semble  t hose  f o u n d  in muscle  a n d  blood,  
much smal le r  a m o u n t s  of Deseri l  could  be d e t e c t e d  in t h i s  
tissue. Th i s  d i f ference  in t he  b r a i n - c o n c e n t r a t i o n  is 
p robab ly  due  to  d i f fe ren t  degrees  of p e n e t r a t i o n  across  
the B B B .  

More s ign i f i can t  t h a n  abso lu t e  va lues  in  such  d is t r i -  
bu t ion- s tud ies  a re  t he  ra t ios :  t i s sue /b lood,  p a r t i c u l a r l y  if 
d i f ferent  d rugs  are to  be  c o m p a r e d  a t  d i f f e ren t  dose-  
levels. I n  T a b l e  I t h e  va lues  for these  r a t i o s  are  s u m m a -  
rized. L S D  a n d  Deseri l  a c c u m u l a t e  6 to  10 t imes  in t he  
lung a n d  t he  musc le /b lood  r a t i o  f igures  a r o u n d  1. 

W i t h  r e g a r d  to  t he  b ra in ,  t he  r a t ios  v a r y  c o n s i d e r a b l y :  
those of L S D  range  f rom 0.68 to 1.63, t hose  of Deseri l  o n l y  
a round  0.2. A s s u m i n g  a r e l a t ive ly  free passage  of L S D  
across t he  B B B  in to  t he  b ra in ,  va lues  for  Deseri l  ex- 
pressed as a p e r c e n t a g e  of those  for L S D  are  of i n t e r e s t  
(Table I I ) .  On ly  3 a n d  10 m g / k g  are  cons idered  in t h i s  
Table,  because  a f t e r  t he  in j ec t ion  of 1 m g / k g  Deseri l ,  t h e  

Tab. I. Tissue/blood ratio of LSD and Deseril at various dose levels 
20 min after i.v. injection 

Dose mg/kg i.v. 
l 3 l 0  ~0 

Tissue/Blood Tissue/Blood ratio of LSD 

Lung/Blood 5.88 10.00 7.47 
Muscle/Blood 0.66 1.06 1.58 
Brain/Blood 0.68 1.08 1.63 

Tissue/Blood ratio of Deseril 

Lung]Blood 7.0 8.05 7.45 
Muscle/Blood 1.16 1.26 1.31 
Brain] Blood 0.25 O. 16 0.20 

6.61 
1.30 
0.25 

Tab. II. % tissue concentration of Deseril expressed as a percentage 
of that of LSD calculated from the tissue/blood ratios of Table I 

Dose mg]kg 
Tissue 3 10 

b r a i n - c o n c e n t r a t i o n  is in  a r a n g e  where  t h e  a c c u r a c y  of 
t h e  f luor ime t r i c  m e t h o d  is doub t fu l .  On t i le  o t h e r  h a n d ,  
30 m g ] k g  L S D  is n o t  i nc luded  because  of i t s  tox ic i ty .  As  
t h e  f igures  show,  t h e  d i s t r i b u t i o n  of Deser i l  in  l ung  a n d  
muscle  is s imi la r  to  t h a t  of L S D ,  w h e r e a s  on ly  12 .0% a n d  
14.6% re spec t ive ly  are  f o u n d  in  t he  b ra in .  

Discussion. The  d i s t r i b u t i o n  a n d  fa t e  of L S D  a f t e r  
p a r e n t e r a l  a d m i n i s t r a t i o n  in  mice  h a v e  b e e n  i n v e s t i g a t e d  
in o u r  l abo ra to r i e s  w i t h  va r ious  m e t h o d s  .3,~4. Us ing  a bio-  
a s say  ( s e ro ton in - an t agon i s t i c  effects  on  t h e  i so la ted  r a t  
u te rus ) ,  as well  as C'4-1abelled LSD,  i t  was  s h o w n  t h a t ,  as  
ea r ly  as  10-15 ra in  a f t e r  i n t r a v e n o u s  in jec t ion ,  a t i ssue-  
equ i l ib r ium,  i.e. a m a x i m u m  of t i ssue  c o n c e n t r a t i o n ,  is 
o b t a i n e d .  In  p r e l i m i n a r y  e x p e r i m e n t s ,  us ing  t he  fluori-  
m e t r i c  m e t h o d ,  i t  was  obse rved  t h a t  t he  d i s t r i b u t i o n  of 
Deseri l  in t h e  r a t  is as r ap id  as t h a t  of LSD.  An  ana lys i s  of 
t he  d i s t r i b u t i o n  of each  s u b s t a n c e  a t  va r ious  doselevels  
a n d  in va r ious  organs ,  t he re fo re  seemed  of in te res t .  The  
t i s s u e - c o n c e n t r a t i o n s  p lo t t ed  in t h e  F igure  conf i rm,  b y  
a n d  large, t h e  h y p o t h e s e s :  t h e y  are  d o s e - d e p e n d e n t  and ,  
as far  as L S D  is concerned ,  accord  w i th  ear l ie r  resul ts .  

The  c o n c e n t r a t i o n  ra t io  t i s sue /b lood  g iven  in Tab le  I 
a n d  t he  d i s t r i b u t i o n  ra t io  of Deseri l  in  r e l a t i on  to  L S D  in 
Tab le  I I ,  show a l m o s t  iden t i ca l  va lues  in  l ung  a n d  muscle .  
F r o m  our  f ind ings  i t  becomes  obv ious  t h a t  Deseri l  
p e n e t r a t e s  in to  p e r i p h e r a l  t issues.  I n  c o n t r a s t  to  th is ,  on ly  
a b o u t  13% of t he  a m o u n t  of Deser i l  to  be  expec t ed  reaches  
t h e  b ra in .  Since Deseri l  does  no t  el ici t  LSD- l ike  s y m p t o m s ,  
e v e n  w h e n  g iven  in doses 8 t imes  g r e a t e r  t h a n  those  of 
LSD,  t h e  di f ference in  t h e  b r a i n  levels o b t a i n e d  does no t  
exp l a in  w h y  Deseri l  lacks c e n t r a l  effects.  Our  resu l t s  
c o n t r i b u t e  to  t he  ana lys i s  of t he  ha l luc inogen ic  a c t i v i t y  of 
L S D  itself,  on ly  in so far  as t h e y  add  f u r t h e r  s u p p o r t  to  
t h e  v iew t h a t  i t  is s t ruc ture-spec i f ic .  On  t h e  o t h e r  h a n d ,  
however ,  t h e y  show t h a t  w i t h  r e g a r d  to  s t r u c t u r e / a c t i v i t y  
r e l a t i onsh ips  s u c h  fac to rs  h a v e  to  be  t a k e n  i n to  a c c o u n t  
in t h e  c o m p a r i s o n  of p e r i p h e r a l  a n d  c e n t r a l  effects.  

Zusammen]assung. Bei  R a t t a n  wurde  die Ve r t e i l ung  
yon  L S D  und  Deseri l  20 rain  n a c h  i n t r a v e n b s e r  Verab re i -  
c h u n g  f luo r ime t r i s ch  b e s t i m m t .  Auf  G r u n d  d e r  e r m i t t e l t e n  
Q u o t i e n t e n :  G e w e b e ] B l u t  e r g a b  sich, dass  be ide  Lyserg-  
s ~ u r e d e r i v a t e  e in  gle iches  V e r t e i l u n g s s c h e m a  in L u n g e  
u n d  Muskel ,  d. h, in  p e r i p h e r e n  O r g a n e n  aufweisen .  I m  
Gegensa t z  h ie rzu  k o n n t e n  y o n  Deser i l  i m  G e h i r n  n u r  ca.  
13% des  zu e r w a r t e n d e n  W e r t e s  naehgewiesen  werden .  
Die  B e d e u t u n g  dieses Be fundes  wi rd  d i sku t i e r t .  

VV'. DOEPFNER 

Alediziniseh-Biologische Forschungsabteilung der Sandoz 
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Lung 80 100 
Muscle 119 83 
Brain 14.6 12 
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Action r6pressive 
de l'oxyg~ne sur la biosynth~se de la fumarique- 

r~ductase d'Aerobacter aerogenes 

L ' u n e  des  p r inc ipa les  fonc t ions  phys io log iques  des  rfi- 
duc tases  bac t6 r i ennes  es t  de  p e r m e t t r e  ~ de n o m b r e u s e s  

esp~ces ana~rob ies  f a cu l t a t i ve s  d ' u t i l i s e r  d i f f6 ren ts  accep-  
t e u r s  d ' h y d r o g g n e  m i n 6 r a u x  ou organ iques .  Ces e n z y m e s  
d ' o x y d o r ~ d u c t i o n  n ' i n t e r v i e n n e n t  pas  d a n s  le m ~ t a b o -  
l i sme o x y d a t i f  a6robie  ma i s  j o u e n t  p a r  con t r e  u n  r61e 
essent ie l  d a n s  le m~ tabo l i sme  o x y d a t i f  anae rob ic .  Nous  
a v o n s  p r 6 c 6 d e m m e n t  6 tab l i  que  l ' oxyg~ne  a t m o s p h 6 r i q u e  
r6p r ime  la b io syn th~se  de  la n i t r a t e - r 6 d u c t a s e  chez Aero- 


