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Table II. Tl~e effect of injection of mitomyein C into 96-h-old wild- 
type larvae of Drosophila melanogaster on the differentiation of the 
4 seutellar macrochaetae (n = 43) 

Bristle organ Complete Socket only Shaft only Missing 
(%) (%) (%) (%) 

Left anterior 
scutellar 2.3 0 65.1 32.6 
Right anterior 
seutellar 0 0 74.4 25.6 

Left posterior 
scutellar 4.7 2.3 62.8 30.2 
Right posterior 
seutellar 7.0 2.3 60.5 30.2 

Average 3.5 1.2 65.6 29.7 

Table III. Comparison of the frequency of observed and expected 
bristle organ aberrations in the homozygous mutant shaven-depilate 
of Drosophila melanogaster upon injection of mitomycin C into 96-h- 
old larvae 

4 Scutellar 
bristle organs 

Complete Socket only Shaft only Missing 
(%) (%) (%) (%) 

Observed 
(n = 41 i 11.6 56.1 14.0 18.3 
Expected 2.0 2.7 37.2 58.1 

7 V. ROTHENBfJHLER, Diploma Thesis, University of Zfirich (1975). 
s We would like to thank Dr. R. N•THIGER, Institute of Zoology, 

University of Zfirieb, Switzerland, for advice to construct the 
balanced stock used for our experiments. The main part of the 
experimental work has been performed at the Institute of Zoology, 
University of Ztirich. This research was supported by the Swiss 
National Science Foundation, grant No. 3.1180.73. 
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affected.  Other  expe r imen t s  7 have  shown t h a t  the  p a t t e r n  
of br is t le  organ modi f ica t ion  is the  same, w h e t h e r  mi to-  
myc in  C is in jec ted  in to  wi ld - type  larvae or in to  larvae of 
the  pheno typ ica l ly  wi ld - type  s tock red; sva*/T(3;d)89E. 

To tes t  w h e t h e r  t he  pheno typ i c  effects of m i tomyc in  C 
on wi ld - type  and  svae flies are cumulat ive ,  we compared  
the  f requency  of observed  bris t le  organ modif ica t ions  in 
the  m u t a n t  sv ae upon  inject ion of m i tomyc in  C and  the  
expec ted  f r equency  of br is t le  organ aberra t ions .  Such an 
expec ted  f r equency  was  ca lcula ted  by  mul t ip ly ing  the  
f requencies  of t he  d i f ferent  br is t le  organ aber ra t ions  in 
non - t r ea t ed  sv ae m u t a n t s  w i th  those  of m i tomyc in  C 
t r e a t ed  wi ld - type  flies. The resul ts  are dep ic ted  in Table 
I I I .  I t  is ev iden t  t h a t  the  expec ted  and  the  observed  
frequencies  for br is t le  organ modif ica t ions  are no t  in 
accord (~r p < 0.001). On the  one hand ,  too m a n y  
comple te  br is t le  organs  and sockets  w i t h o u t  shaf t s  are 
formed,  on the  o the r  h a n d  there  are no t  enough  missing 
bris t le  organs and  brist le  shaf t s  w i t h o u t  sockets.  The 
same d i sagreement  be tween  expec ta t ion  and  expe r imen ta l  
resul t  has  also been no ted  upon  in ject ion of n i t rogen  
m u s t a r d  in to  wi ld - type  and sva* flies v. 

The da t a  p re sen ted  indica te  t h a t  the  br is t le  organ 
p r imord ia  of sv a~ flies are m u c h  more  res i s t an t  towards  
the  d e t r i m e n t a l  effect  imposed  b y  mi tomyc in  C t h a n  in 
wi ld- type  flies. The reason for th is  re la t ive  resis tance 
aga ins t  the  in jur ing  effect  of t he  drug  is no t  known.  

Zusammen/assung.  Bei Drosophila melanogaster er- 
l aub ten  genet i sche  Methoden  die K o n s t r u k t i o n  eines 
ba lanc ie r ten  S tammes ,  bei d e m  homozygo te  <~shaven- 
depilate~> (sv at) Fliegen bere i t s  im La rva l s t ad ium als 
solche e rkennba r  sind. Die P r imord ien  der  Bors tenorgane  
der  Mutan te  sv ae s ind gegeniiber  einer  wei te ren  Sch/idi- 
g u n g d e r  Bors tendi f fe renz ierung,  die durch  ln j ek t ion  
von Mi tomycin  C in verpuppungsre i fe  La rven  bewirk t  
wird,  s ignif ikant  weniger  empf ind l ich  als Bors tenpr imor -  
dien des Wi ld typs .  
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Blockage of LSD Binding at its High Affinity Site on Synaptosomal  Membranes  by 1-Methyl- 
1 ,2,5,6-Tetrahydropyridine-N,  N-Diethyl-  carboxamide 

SMYTHIES et  al. 1 in an a t t e m p t  to del ineate  the  ac t iv i ty  
of hal lucinogenic agents  based on classical s t ruc ture-  
ac t iv i ty  re la t ionships  d iscovered a mos t  in te res t ing  
p h e n o m e n o n  re la ted to  the  compound  1 -methy l - l ,2 ,  5, 
6 - t e t rahydropyr id ine-N,  N-d i e thy l ca rboxamide  (THPC). 
The s t ruc tu re  of th is  compound  as shown in Figure 1 
indica tes  i ts  re la t ionship  to LSD th rough  the  D-r ing of the  
L S D  molecule.  

These inves t iga tors  had  pos tu la ted ,  on the  basis of 
s t ruc ture  ac t iv i ty  comparisons ,  t h a t  T H P C  in suff icient ly 
h igh  concen t ra t ions  should,  in fact,  cross the  blood bra in  
barr ier  and  act  as a compe t i t i ve  an tagon i s t  of the  hallu- 
c ina to ry  ac t iv i ty  of LSD.  In  order  to t e s t  th is  hypo thes i s  
the  modi f ica t ion  of roden t  behavior  p roduced  by  LSD 
was quant i f ied  using Bove t -Ga t t i  proti les on a S idman  
avoidance  schedule s . Hav ing  es tabl ished these  profiles 
on ra ts  given LSD the  ab i l i ty  of T H P C  to block th is  
behav ior  was t e s t ed  by  p remed ica t ing  the  ra t  w i th  a dose 
of T H P C  equiva len t  to  15 mg/kg  of the  drug. The drug  
was given i.p. app rox ima te ly  45 min before 0.1 mg/kg of 

L S D  was given to the  animal.  Resul ts  of these  s tudies  
clearly indica ted  t h a t  T H P C  brough t  abou t  an a lmost  
comple te  abol i t ion o f  the  behaviora l  d i s rupt ion  produced 
by  LSD in toxica t ion .  

Since we have  been  working for some t ime  in our 
l abora to ry  charac te r iz ing  the  proper t ies  of the  high 
aff in i ty  LSD b ind ing  site on synap tosomal  membranes  
f rom ra t  brain,  we were in t r igued by  the  idea of obta in ing  
molecular  ( rather  t h a n  behavioral)  evidence for the  block- 
a d e  of LSD b ind ing  by  THPC.  

1 J .  I~. SMYTHIES, J. BEATON, F. BENINGTON, I~. D. MORIN, Nature 
New Biol. 226, 644 (1970). 

2 j .  R. SMYTHIES, R. J. BRADLEY, X~. S. JOHNSTON, F. BENINGTON, 
R. D. MORIN, and L. CLARK, Psyehopharmacologia I0, 379 (1970). 
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Methods. In  order  to quan t i fy  the  b ind ing  of L S D  to i ts  
h igh  aff in i ty  neuronal  m e m b r a n e  b ind ing  site the  tech- 
nique of equi l ibr ium dialysis  was utilized. The dialysis  ceils 
were of an all Teflon design and the  sys t em cons is ted  of a 
comple te  uni t  ob ta ined  f rom the  K o n t r o n  Corp. of Zurich, 
Switzer land.  The halfcell  volume was 1 ml  and  ceils were 
separa ted  by  special ly washed  regenera ted  cellulose 
membranes .  Various  concen t ra t ions  of t r i t i a t ed  LSD 
(17.1 Ci/mM) were d ia lyzed agains t  synap t i c  m e m b r a n e  
p repa ra t ions  a in a dialysis  med ium consis t ing of 0.005 
M Tris-HC1, p H  7.4, 0.6% NaC1, and 10 IxM CaC12. 
Rad ioac t iv i ty  m e a s u r e m e n t s  of the  equi l ibra ted  f ract ions  
were de t e rmined  in a to luene-Tr i ton  X-100, PPO,  
d i m e t h y l  P O P O P  cocktai l  ~ using a P a c k a r d  Tr icarb  
l iquid scint i l la t ion spec t rometer .  In  all of our s tudies  
lysed ra the r  t h a n  in tac t  synap tosomes  have  been used 
to  preclude tile poss ibi l i ty  of confusing up take  wi th  
b ind ing  5. Pro te in  concen t ra t ion  was de t e rmined  by  the  
me thod  of LOWRY*. All expe r imen t s  were pe r fo rmed  in 
the  presence of 5 • 10 -4 M pargyl ine ,  an i r reversible  
monoamine  oxidase  inhib i tor  7 in order  to  block any  drug- 
enzyme ra the r  t h a n  d rug -membrane  b inding.  

Rdsumd. Par  dialyse d '6qui l ibre  on a montr6  que le 
1-methyl-1,  2, 5, 6 - t e t r ahyd ropy r id ine  - N, N -d ie thy lcarbo-  
xamide  (THPC) emp6che le LSD de se lier aux m e m b r a n e s  
des synaptosomes .  Ce r6sul ta t  correspond ~t un effet  du 
T H P C  qui est  de r6duire la nocivit6 de LSD. 

Results. Using these  t echn iques  a Ka (dissociat ion 
constant )  of 2.9 •  -9 M was ob ta ined  for the  h igh  
af f in i ty  L S D - s y n a p t o s o m a l  m e m b r a n e  b ind ing  site s. 
The concen t ra t ion  (or number)  of b ind ing  si tes for LSD 
on the  synap tosome  based  on the  a m o u n t  of t issue was 
calcula ted f rom these  da t a  and gave a value of 0.058 
p icomoles /mg of prote in .  In  order  to  d e m o n s t r a t e  the  
effect  of T H P C  on th is  h igh af f in i ty  b ind ing  the  com- 
pound  was added  to the  dialysis  med i u m such t h a t  its 
final concen t ra t ion  was 1 • 10 -5 M. Dialysis runs  were 
repea ted  several  t imes  wi th  3H-labeled LSD in b o t h  the  
presence and absence of THPC.  The results  of a typ ica l  
expe r imen t  are shown in Figure  2. F rom these  da t a  one 
can clearly see t h a t  the  b ind ing  of L S D  to its h igh  aff ini ty  
si te on the  synap tosomal  m e m b r a n e  is comple te ly  blocked 
by  the  T H P C  added  to the  dialysis  medium.  

Discussion. The results  of th is  s tudy  are mos t  in te res t ing  
f rom the  s t andpo in t  of b o t h  behaviora l  and molecular  
pharmacology.  In  fact, these  da t a  appear  to lend some 
def ini t ion on a molecular  basis to the  an t agon i sm of the  
behaviora l  tox ic i ty  of LSD as mani fes ted  by  the  bar  
press ing ac t iv i ty  carr ied out  by  rodents .  A l though  our 
results  could not  (or should not) be in te rp re ted  as indicat-  
ing the  mechan i sm of L S D  tox ic i ty  it does br ing  the  
inves t iga tor  closer to an unde r s t and ing  of the  real 
consequences  of agon i s t -an tagon i s t  re la t ionships .  There  
are two cons idera t ions  which,  we believe, are i m p o r t a n t  
consequences  of this  s tudy.  Firs t ly ,  as far as we know, 
T H P C  is only one of a very  few compounds  t h a t  have  
been documen ted  as blockers  of the  behaviora l  effects of 
LSD.  Da ta  p resen ted  here conf i rm th is  b lockade at  the  
receptor  level. Secondly,  the  design of T H P C  as a blocking 
agent  was conceived at  the  theore t ica l  level and  now has 
indeed been shown to modi fy  the  ac t iv i ty  of LSD b o t h  a t  
the  whole an imal  level and at  the  neuronal  m e m b r a n e  
level. 
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Fig. 1. Structural relationship between a) D-lysergic acid diethyl- 
amide and (LSD) b) 1-methyl-l,2,5,6-tetrahydropyridine-N,N- 
diethylearboxamide (THPC). 
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Fig. 2. The effect of 1 x 10 5 M THPC on the binding of LSD to its 
high affinity synaptosomal receptor. The closed triangles represent 
the binding of LSD alone at the concentrations noted on the X-axis 
to isolated synaptosomal membranes while the open circles represent 
the complete blockade of LSD by 1 • 10 ~ M THPC at its high 
affinity 'receptor' site. 
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