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The Subcellular Distribution of Lysergic Acid Diethylamide in the Rat Brain 

Lysergic acid d ie thy lamide  (LSD) has an ex t raord inary  
powerful  and quick effect on the  human  psyche. I t  is the  
most  po ten t  hal lucinogenic compound  known, and pro- 
duces a mul t ip l ic i ty  of pharmacologica l  actions in the  
central  nervous system and body. Wi th  so l i t t le  substance 
in teract ing Oil so m a n y  functions, its d is t r ibut ion  becomes 
a problem of crucial importance.  The d is t r ibut ion  and 
local izat ion of L S D  in var ious organs and tissues has been 
invest igated several  t imes.  Af te r  i.v. inject ion of ~4C L S D  
in mice ~, most  of the  organs including the  brain, reached 
the  highest  level of the i r  ac t iv i ty  after  10-15 rain, then  
lost i t  gradually.  Af ter  in t racerebral  inject ion of ~4C LSD 
into rats  ~ ti le drug left  the  brain rapidly,  appeared in the  
liver, and was excreted into the  intestine.  20 min  af ter  i.v. 
infusion of L S D  in the  monkey  ~ the  drug was found to be 
unequal ly  d is t r ibuted in different  brains areas, wi th  the  
highest  concentra t ions  appear ing in the  p i tu i t a ry  and 
pineal  glands. In  the  monkey ' s  h ippocampns,  f rontal  
gray  or whi te  m a t t e r  3 the  L S D  was largely confined to 
the  superna tan t  fraction,  and to a lesser ex ten t  in the  
combined microsome-myel in  and the  combined synap- 
tosome-mi tochondr ia l  fractions. 5 rain af ter  i.v. inject ion 
of L S D  in the  ra t  4, 65% of the  drug was found in the 
brain par t icu la te  fraction, and 35% in the  supernatant .  

In  the  l ight  of the  d isagreement  be tween the  da ta  of 
SNYDER and I~EIVICH a, and FREEDMAN and COQUET 4 we 
t hough t  to re- invest igate  the problem of the  subcellular  
d is t r ibut ion of L S D  in a more detai led manner  than  tha t  
described by  these invest igators .  Fur thermore ,  we also 
examined  the  L S D  sa turabi l i ty  of the brain subcellular 
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fract ions by  s tudying  L S D  dis t r ibut ion in rats  rece ivmg 
various doses of the  hallucinogen.  

Adul t  male  Charles R ive r  CD rats weighing 300-500 g 
were injected i.p. wi th  e i ther  0.2, 2, or 10 mg/kg  body 
weight  of LSD.  The animals  were sacrificed by  decapita-  
t ion 15 rain af ter  injection,  a t ime  at  which the  drug 
adminis tered by  the  i.p. route  exerts  its m a x i m u m  be- 
haviora l  effect in the  rat.  Blood was collected for serum 
preparat ion.  The  bra in  was r emoved  and cleaned f rom 
cerebral membranes ,  and blood capillaries, then  rinsed 
wi th  deionized water  and b lo t ted  wi th  W h a t m a n  paper  
No. 41. The whole brain was homogenized in 10 volumes  
of 0.25 M sucrose, and was f rac t ionated  into supernatant ,  
nuclear, mitochondria l ,  microsomal,  synaptosomal  and 
myel in  fract ions as described by  GRAY and W}tlTTAKEE 5, 
and modif ied by ABDEL-LATIF% The dis t r ibut ion of 
suecinic dehydrogenase ac t iv i ty  7 in the  isolated fract ions 
was used as a subcellular  marker .  The  L S D  conten t  in 
each fract ion was assayed spec t rophotof lourometr ica l ly  s. 
As l i t t le  as 0.001 Fg per  ml  of L S D  can be measured by  
this method.  Recoveries  amounted  to about  90% of the  
L S D  added to control  brains which were subjected t o  
f ract ionat ion and ex t rac t ion  procedures.  

Of the  injected L S D  only 0.2-0.4% appeared in the  
brain. In  order  to a t ta in  measurable  L S D  concent ra t ion  
in the  brain fractions, the  L S D  doses used in this  s tudy  
amounted  to several  folds the  effect ive dose in humans.  
W i t h  the  lower dose of 0.2 mg/kg,  i t  became necessary 
to pool 3 brains for the  L S D  assay. The concent ra t ion  of 
L S D  in the  serum of rats  in jected wi th  0.2, 2 or 10 mg/kg  
was respect ively  89.67 ~ 21.76, 1097.00 4- 72.80 and 
4726.70 ~= 368.70 ng /ml  serum. The results shown in the  
Table, demons t ra te  t h a t  the  in ject ion of increasing dose 
of L S D  produces an increase in the  hal lucinogen level  in 
the  var ious brain subcellular  fractions.  The observed to ta l  
va lue  of 140 and 825 ng L S D / g  brain in ra t  brains rece- 
iving 0.2 and 2 mg/kg  respect ive ly  are similar  to the  
values of 80 and 690 ng L S D / g  bra in  repor ted  by  RosE-  
CRAt,,S et al. 9 in rats  receiving respect ive ly  0.26 and 
2.6 mg LSD/kg .  The  observed increase in bra in  L S D  was 
not  propor t ional  to the  increase in the  injected dose. 
P lo t t ing  these da ta  on semilog co-ordinates  (Figure), 
indicates t h a t  the  fract ions conta in ing the  synaptosomes 
or mi tochondr ia  a lmost  reached sa tura t ion  at  the  10 mg  
dose level whereas, the  rest  of the  fract ions did not  reach 
such saturat ion.  

The results shown in the  Table  also demons t ra t e  t h a t  
at  all dose levels about  48% of L S D  appear ing  in ti le 
brain was found in the  superna tan t  fraction,  about  20% 
in the  nuclear  fract ion,  about  15% in the  synaptosomal  
fraction, about  6% in the  microsomal  fraction, about  5% 
in the  myel in  fraction,  and about  1.7% in the  mi tochon-  
drial  fractions. 
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Distribution of LSD in brain subcellular fractions. SP, supernatant ; 
N, nuclear; SY, synaptosomal; MC, microsomal; MY, myelin; MT, 
myelin; MT, mitochondrial. 
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Distribution of LSD in brain subcellular fractions !n rats receiving i. p. various doses of LSD 
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LSD (mg]kg) 

Fraction 0.2 2 10 

Brain~ (ng/g) % of total Brain~ (llg/g) % of total Brainb (ng]g) % of total 

Supernatant 79.47 + 21.62 53.24 ~ 2.23 351,20 ~ 74.20 42.24 4- 2.02 3019.00 4- 327.71 51.96 • 2.06 
Nuclear 24.80 4- 3.67 19.25 ~ 3.75 124.10 ~= 9.90 15.71 4- 3.83 1008.00 ~= 89.01 17.51 ~= 1.40 
Microsomal 9.73 • 2.04 7.18 4- 0.44 26.40 ~ 5.00 3.41 4- 1.27 458.00 • 84.48 7.71 4- 0.93 
Myelin 3.80 4- 0.44 2.98 ~ 0.55 55.60 ~ 7.00 6.78 4- 0.21 394.30 4- 37.15 7.00 4- 1.22 
Syllaptosome 13.83 4- 3.50 9.16 4- 1.45 199.00 4- 51.00 23.78 4- 2.22 789.70 4- 61.96 13.66 4- 0.41 
Synaptosome + Mitochondria 3.67 4- 0.98 2.54 4- 0.23 37.80 ~ 2.00 4.76 4- 1.06 89.30 4- 47.62 4.41 4- 0.74 
Mitochondrial 11.50 4- 7.08 3.48 4- 0.39 30.30 ~ 21.00 3.31 4- 2.78 35.00 4- 7.23 0.64 ~ 0.18 
Total 140.46 4- 34.75 825.00 4- 134.00 5797.00 4- 491.90 

~Meall 4- S.E. of LSD in fractions obtained from 3 brain pools, each pool was prepared from 3 injected rats. bMean 4- S.E. of LSD ill fractions 
obtained from 2-3 injected rats. 

These  resu l t s  are a t  va r i ance  w i t h  those  of FREEDMAN 
and COQIJET 4 in t he  ra t ,  b u t  genera l ly  do agree w i t h  t he  
d a t a  of SNYDER aI~d REIVlCH a wh ich  ind ica tes  t h a t  of 
t h e  L S D  a p p e a r i n g  in  t h e  m o n k e y  b r a i n  as m u c h  as 73% 
is a ccoun ted  for in  t h e  s u p e r n a t a n t ,  19~o in  t he  micro-  
some-myel in ,  a n d  8% in t h e  s y n a p t o s o m e - m i t o c h o n d r i a l  
f rac t ion.  The  d i f ference  be t w een  our  resul t s  and  those  of 
SNYDER a n d  REIVICH 3 concern ing  ti le pe rcen t age  of L S D  
subce l lu la r  d i s t r i b u t i o n  m a y  be  due to me thodo log ica l  or 
species difference.  However ,  t he  mere  fac t  t h a t  50% or 
more  of L S D  is found  b y  b o t h  in t h e  s u p e r n a t a n t  f r ac t ion  
m a y  p a r t i a l l y  exp la in  t he  h i g h  p o t e n c y  of t h e  ha l luc ino-  
genic effect  of LSD,  since t h e  c o m p o u n d  will  be  ava i l ab le  
to  get  to  and  exe r t  i ts  effect  on  t h e  r ecep to r  si tes pa r t i cu -  
l a r l y  if one assumes  t h a t  L S D  in  t he  s u p e r n a t a n t  is no t  
comple t e ly  bound .  P r e l i m i n a r y  resu l t s  on  t h i s  p o i n t  do 
ind ica t e  t h a t  a t  leas t  a b o u t  60% of t-he L S D  p r e s en t  in  
the  s u p e r n a t a n t  is in  a free form.  

The  r e l a t ive ly  h i g h  p e r c e n t a g e  of L S D  in t he  s y n a p t o -  
somal  f r ac t ion  obse rved  in t h i s  r e p o r t  is of i n t e r e s t  in  
v iew of t h e  in  v i t ro  s tud ies  of MARCHBANKS 1~ wh ich  
d e m o n s t r a t e d  t h a t  L S D  is a p o t e n t  i n h i b i t o r  of t he  h igh  
a f f in i ty  b ind ing  for s e ro ton in  in b r a i n  synap tosomes .  
However ,  i t  does n o t  a p p e a r  t h a t  t h e  b e h a v i o r a l  effect  of 

L S D  could  be  exp la ined  on  t h i s  bas is  s ince ROSECRANS 
et  al 9 h a v e  d e m o n s t r a t e d  t h a t  L S D  raises t he  level  of 
se ro ton in  in t h e  b r a i n  p a r t i c u l a t e  f r ac t ion  wh ich  con t a in s  
a m o n g  o the r  t h i n g s  t h e  synap tosomes .  

Rdsumd. Quinze  ra in  aprgs une  in j ec t ion  i.p. de LSD,  
pros de 48% de  la  drogue  p % s e n t e  dans  le ce rveau  ru t  
t rouv6e  dana  le su rnagean t ,  20% dana  la  f r ac t ion  nucl6a-  
ire, 15% dana  la f r ac t ion  synap tosoma le ,  6% dana  la  
f r ac t ion  microsomale ,  5 0  dans  la f r ac t ion  my61inique et  
prgs de 1,7% darts la  f r ac t i on  mi tochondr i a l e .  Lea frac- 
t ions  s y n a p t o s o m a l e  et  m i t o c h o n d r i a l e  son t  p resque  
sa tur6es  ell L S D  lors d ' u n e  in j ec t ion  de 10 m g / k g  de LSD.  
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trophotoflourometric analysis. 

A N o t e  o n  t h e  S u b c e l l u l a r  D i s t r i b u t i o n  of  B r a i n  P r o t e i n  in  D i f f e r e n t i a l l y - H o u s e d  M i c e  �9 

Prev ious  r epo r t s  h a v e  i n d i c a t e d  t h a t  changes  in cere- 
b r a l  b i o c h e m i s t r y  a n d  a n a t o m y  can  be  p roduced  b y  
exposure  of r o d e n t s  to  d i f f e ren t  e n v i r o n m e n t a l  con- 
d i t ions  3-~ a n d  t h a t  these  changes  are pa ra l l e l ed  b y  chan-  
ges in  b e h a v i o r  ~-9. I t  h a s  also b e e n  s h o w n  t h a t  d i f fe ren t ia l  
hous ing  of mice  can  lead to  p r o f o u n d  changes  in cerebra l  
a n d  hepa t i c  ene rgy  m e t a b o l i s m  10-13 a n d  t h a t  p r io r  ad-  
m i n i s t r a t i o n  of L i +  a p s y c h o a c t i v e  agent ,  can  af fec t  
ce rebra l  m e t a b o l i s m  in  isolated,  b u t  n o t  in  aggrega ted  
nl ice 13. Li+ sa l t s  h a v e  also been  s h o w n  to  reduce  agres- 
s ion 13,14 w h i c h  can  be  p r o d u c e d  b y  p ro longed  i so la t ion  of 
an ima l s  ~,15. I t  has  been  c l a imed  t h a t  an i m a l s  ra i sed  in 
' en r i ched '  e n v i r o n m e n t s  possess increased  t o t a l  ce rebra l  
p ro t e in  a n d  increased  ACHE, C h E  a n d  h e x o k i n a s e  act i -  
v i t ies  ove r  t h e i r  ' i m p o v e r i s h e d '  controls16,17, and  differ- 
ences in  glial  p ro l i f e ra t ion  h a v e  also b e e n  r epo r t ed  ls-~0. 
I n  a r e c e n t  r e p o r t  i t  h a s  b e e n  sugges ted  t h a t  d i f feren-  
t i a l  exper ience  m i g h t  a c t u a l l y  a f fec t  s y n a p t i c  u l t r a -  

s t r u c t u r e  21, a n d  some new ev idence  ind ica tes  t h a t  
c i r cad ian  pe r iod ic i ty  can  be  d e m o n s t r a t e d  a t  t i le u l t r a -  
s t r u c t u r a l  level  32. Due  to  t he se  r e c e n t  r epo r t s  i t  was 
cons idered  p e r t i n e n t  to  s t u d y  t he  subce l lu la r  d i s t r i b u t i o n  
of ce rebra l  p r o t e i n  in  t he  b r a i n s  of ' i so la ted '  and  'aggre-  
g a t e d '  mice.  

Wean l ing ,  male,  C-57 B lack  mice  were  housed  e i the r  
s ingly  ( ' i so la ted ' )  or ill g roups  of 20--25 ( ' aggrega ted ' )  for 
5-8  weeks as p rev ious ly  descr ibed  10. All  an ima l s  were 
fas ted  19-21 h before  be ing  sacr if iced (be tween  13.30-  
14.00 h), a n d  hemi sphe re s  (above  t h e  level  of t he  infer ior  
colliculi) were  excised rap id ly ,  weighed,  a n d  p laced  in to  
h o m o g e n i z i n g  vessels  (c learance 0.004-0.006) c o n t a i n i n g  
10 vo lumes  of i sosmot ic  (320 m O s M )  so lu t ions  of sucrose- 
plus-NaC1 =L LiC1 (4 or 40 m M ) .  Al iquo t s  (2.5 ml) of 
h o m o g e n a t e s  were cen t r i fuged  a t  1000 •  10 min,  0~ to 
o b t a i n  P1 (pellet) a n d  S 1 ( s u p e r n a t a n t  f luid) f rac t ions ,  
a n d  1.0 or 1.5 ml  a l iquota  of S 1 f rac t ions  were recen t r i f -  


