
15.1. 1975 Specialia 91 

effect.  The ra t io  of an ini t ial  increase in perfus ion pressure  
to  the  remain ing  increase measured  at  the  end of the  in- 
fusion per iod was  considered as an index of acute  to lerance 
to  NE.  In  11 expe r imen t s  the  pe rcen t  of the  increase in 
ini t ial  perfus ion pressure  was 67 -F 9%, and the  index  of 
acute  to lerance  was 1.54 • 0.16 (mean • SEM). At  t he  
t ime  of an infusion, the re  appea red  in the  eff luent  a 
subs tance  con t r ac t ing  the  chick r ec tum and  ra t  colon 
(Figure). On the  basis  of di f ferent ia l  sens i t iv i ty  of b o t h  
organs to  d i f ferent  t ypes  of PG, i t  could be suspected  t h a t  
there  was released a PGE- l ike  mater ia l .  I t s  peak  concen-  
t r a t ion  in the  ef f luent  in t e rms  of PGE2-1ike ac t iv i ty  was 
5.08 • 0.72 ng/ml  (9 exper iments ) .  I f  a PGF- l ike  sub- 
s tance was released into the  eff luent ,  t h e n  i ts  concent ra -  
t ion  had  to  be lower t h a n  0.5 ng/ml.  Infus ions  of N E  a t  a 
concen t ra t ion  h igher  t h a n  300 ng/ml  somet imes  p roduced  
an appea rance  of PGF- l ike  mate r ia l  in the  eff luent ,  bu t  
t hen  no acute  to lerance  of pressor  response  was observed.  

The p ros t ag land in  charac te r  of the  released subs tance  
was conf i rmed by  the  p r e t r e a t m e n t  of the  ear vessels w i th  
an inh ib i to r  of PG b iosyn thes i s - indomethac in  (3 ~zg/ml). 
In  the  presence  of i n d o m e t h a c i n  N E  did  no t  release a 
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subs tance  con t rac t ing  the  assay organs (8 exper iments ,  
Figure),  b u t  an init ial  increase in perfus ion pressure  
was the  same as in contro l  expe r imen t s  (69 • 8%), while 
the  index  of acute  to lerance was s ignif icant ly  lower 
(1.05 • 0.04, p < 0.01) t h a n  in control  exper iments .  
The p r e t r e a t m e n t  of the  ear vessels wi th  p h e n o x y -  
benzamine ,  bu t  no t  w i th  propranolo l  (6 exper iments)  
comple te ly  blocked the  pressor  response  to  NE,  and  
t h e n  there  was no release of PGE- l ike  subs tance  into the  
effluent .  

Therefore  we assume t h a t  con t rac t ing  vascular  wall  
p roduces  PGE,  which  are responsible  for acute  to lerance  
to  NE.  Many  au thors  g,18, 1. have  d e m o n s t r a t e d  t h a t  
exogenous P G E  d iminish  the  vasocons t r i c to r  ac t ion of 
NE.  There  is also indi rec t  evidence t h a t  the  i n t r amura l  
genera t ion  of P G E  in blood vessels m a y  be a feedback  
mechan i sm l imi t t ing  vasocons t r i c to r  ac t ion  of cate- 
cholamines  9, la or angio tens in  10. Our da t a  suppor t  th is  
concept .  

Zusammen/assung. Durch  Noradrena l in  ausgeI6ste 
Vasokons t r ik t ion  am pe r fund ie r t en  K a n i n c h e n o h r  ist 
begle i te t  yon  der  Fre i se tzung  eines PGE-~hn l i chen  Stoffs, 
welcher  fiir die E n t w i c k l u n g  der aku ten  Toleranz gegen- 
fiber der  vasokons t r ik to r i schen  Wi rkung  yon  Noradrena l in  
ve ran twor t l i ch  is t . ,  
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In  t he  course of screening po ten t i a l  cent ra l ly  ac t ing  
muscle  re laxants ,  it  was not iced  by  MORRISON 1 t h a t  
young  adul t  male Wis t a r  ra t s  which  were housed  in groups  
of 10 showed unusual ly  exci ted  sexual  behav iour  some 
hours  af ter  the  admin i s t r a t i on  of a benzod ioxane  der iv-  
at ive,  2-( 3'tert-amylsulphonylpropyl)aminoethyl-1: 4-ben- 
zodioxane  (WB 4371) (Figure 1). Ef fec ts  of th is  k ind  have  
previous ly  been shown main ly  wi th  ho rmones  and  w i t h  
p -ch lo ropheny la lan ine  (pCpA), and  recent ly  also wi th  
L-dopa ~. t3enzodioxanes have  h i t he r t o  been  regarded  as 
p r e d o m i n a n t l y  hypo tens ive  and /o r  CNS depressan t .  

P i lo t  expe r imen t s  were also carr ied out  w i th  a n u m b e r  
of o t h e r  benzod ioxane  der ivat ives ,  b u t  W B  4371 was 
found  to  be the  mos t  p o t e n t  of t he  series in s t imu la t ing  
sexual  ac t iv i ty .  E x p e r i m e n t s  were there fore  done  to  
quan t i f y  and  analyze  these  effects,  and also to  compare  
"vVB 4371 wi th  pCpA which  has  been  repor ted ,  for 
example ,  to enhance  sexual  behav iour  in male  ra t s  3-~ and  
in cats  of b o t h  sexes 6-9, t h o u g h  oppos i te  effects  have  also 
been  shown 10. 

All expe r imen t s  were carr ied out  wi th  naive  adul t  male  
Wis ta r  r a t s  (200-250 g) which  had  been  housed  in 
s t a n d a r d  condi t ions  in large cages con ta in ing  12 ra t s  

O/)--CH2NHCH2CH2CH2SO2OCH2CH3 
CH3 

Fig. 1. Chemical structure of benzodioxane derivative WB 4371. 

each. All in jec t ions  were i.p. and  W B  4371 was dissolved 
and  pCpA was suspended  in 1% Tween 80. Observa t ions  
of sexual  ac t iv i ty  were made  4 to  5 h a f te r  in jec t ion  wi th  
W B  4371, so as to allow its  ini t ial  CNS depres san t  effects  
to  wear  off, and  6 h af ter  in jec t ion  w i t h  pCpA, to allow 
its  seda t ive  effects to wear  off. R a t s  were t e s t ed  in an 
obse rva t ion  cage in groups of 4, each animal  hav ing  
received the  same t r e a t m e n t .  The sexual  acts  scored were 
similar to  those  descr ibed by  GRANT and  MCINToSHll 
All t es t s  las ted  15 rain and  took  place in the  af ternoon.  
For  prac t ica l  reasons  the  ra t s  were no t  kep t  in a reversed  
day /n igh t  l ight  cycle. 
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In  the  f i rs t  set  of expe r imen t s  ra t s  were given a single 
in ject ion of e i ther  20 or 40 mg/kg  of W B  4371. A slight 
bu t  non-s ignif icant  increase in the  n u m b e r  of male to  
male  sexual  acts  as compared  wi th  saline controls  was 
observed.  Next ,  5 d i f ferent  doses of W B  4371 were in- 
j ec ted  dai ly for 4 days,  and  the  dose response  curve 
(Figure 2) shows t h a t  t he  m a x i m m n  effect  of W B  4371 
occurred at  40 mg/kg  (p < 0.04; M a n n - W h i t n e y  U-tes t ) .  
The m a x i m u m  response  a t  40 mg/kg  m a y  be re la ted  to the  
fact  t h a t  a t  the  t ime  of t es t ing  these  ra t s  had  clearly 
recovered f rom the  seda t ive  effect  of t he  drug, whereas  
wi th  b o t h  of the  higher  doses t h e y  still appeared  sedated.  

In  order  to  compare  W B  4371 wi th  pCpA, ra t s  were 
assigned at  r a n d o m  to i of 3 t r e a t m e n t s ;  100 mg/kg  pCpA; 
40 mg/kg  W B  4371 and  1% Tween 80 (control group).  The 
dose of pCpA was chosen because it has  been shown to  
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Fig. 2. Effects of severat doses of WB 4371 on sexual behaviour 
between Male Wistar rats. The animals were pre-treated for 4 days 
prior to testing. Both 40 mg/kg and 80 mg/kg WB 4371 produced 
significant increases in sexual activity (p < 0.04 and 0.02 respectively, 
n = 8 per group). 
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Fig. 3. Comparison between the effect of 40 mg/kg WB 4371 and 
100 mg/kg pCpA given daily for 4 days, on sexual behaviour among 
Wistar rats. Both drugs produced marked increases in sexual activity 
(n -- 8 per group). 

give m a x i m a l  effects  5. pCpA and W B  4371 p roduced  
ap p ro x i ma t e l y  3 and  4 t imes  the  n u m b e r  of sexual  ac ts  
respec t ive ly  compared  wi th  the  controls  (Figure 3). The 
difference be tween  the  Tween 80 and  the  drug t e s t ed  ra ts  
was s ignif icant  (p < 0.01 in bo th  cases). 

The poss ibi l i ty  t h a t  the  hypersexua l  behav iour  of t he  
W B  4371 t r ea t ed  ra ts  was mere ly  a ref lect ion of an  in- 
crease in general  spon taneous  ac t iv i ty  was inves t iga ted  
by  means  of a Y-maze  t e s t  s imilar  to t h a t  descr ibed by  
STEINBERG et al. 12. The animals  were placed singly in a 
Y-shaped  r u n w a y  for a per iod of 3 min  and  the  n u m b e r  of 
entr ies  into the  a rms of the  r u n w a y  and  the  n u m b e r  of 
rears  onto  the  hindlegs  was scored. R a t s  were in jec ted  
wi th  saline and  wi th  W B  4371, 20, 40, 60 or 80 mg/kg  
dai ly  for 4 days  and  were t e s t ed  4 h af ter  the  last  dose. 
No s ignif icant  change  was found in the  n u m b e r  of entr ies  
of the  t r e a t ed  animals.  The n u m b e r  of rears  was s l ight ly  
reduced by  all t he  doses of W B  4371 (F = 3.7; p < 0.01). 

As the  previous  expe r imen t s  had  been  carried out  w i th  
males only, it  was decided to  inves t iga te  the  effect  of 
YVB 4371 on he te rosexua l  behaviour .  Two pre l iminary  
' se lect ion '  tes ts  were carr ied out, 4 days  apar t ,  w i th  96 
male ra t s :  2 u n t r e a t e d  males  a t  a t ime  were placed wi th  
2 hooded  female ra t s  in an obse rva t ion  cage, and  the  num-  
ber  of sexual  acts  dur ing  10 rain was recorded.  On the  
basis of resul ts  ob ta ined  in these  tes t s  it  was possible  to  
classify the  males in to  2 groups.  Ra t s  which  gave a mean  
score of 0 to  4.5 were ass igned to  a ' low ac t iv i ty '  group 
and those  wi th  a m e a n  score of above  11 were placed in a 
'h igh ac t iv i ty '  group. Animals  wi th  a m e a n  score o f  
be tween  4.5 and  11 were excluded f rom the  exper iment ,  
t hus  d iv id ing  the  r ema inde r  into 2 d i s t inc t  groups.  In  
th is  way, a to ta l  of 84 males was available.  The h igh  and 
low ac t iv i ty  groups  were subd iv ided  and  given ei ther  
saline, pCpA (100 mg/kg) ,  or W B  4371 (40 mg/kg) for 
4 days,  mak ing  14 per  sub-group.  Tes ts  were repeated ,  and  
the  n u m b e r  of sexual  ac ts  for the  drug t r e a t ed  males  in  
t he  'h igh ac t iv i ty '  groups  was v i r tua l ly  unchanged  and 
was s imilar  to  t h a t  of t he  controls  (Figure 4). The mean  
scores of the  ' low ac t iv i ty '  groups were s ignif icant ly  
increased for b o t h  drugs  over  the i r  p r e t r e a t m e n t  values  
(p < 0.01; Wi lcoxon ma tched -pa i r s  t e s t ;  n = 14 per  
group).  WHALEX and  LUTTOE la have  r ep o r t ed  t h a t  pCpA 
did no t  enhance  sexual  in te rac t ions  be tween  known  
sexual ly  vigorous males  and female rats ,  and  MALMNXS 
and  MEYERSON 6, using cas t r a t ed  males  which  had  been 
ma in t a ined  on a sub -max ima l  dose of tes tos te rone ,  found  
t h a t  it  did. Our resul ts  would seem cons is ten t  wi th  these  
findings,  in t h a t  ra t s  which  showed a ' normal '  level of 
he te rosexua l  behav iour  d id  no t  increase the i r  scores w i th  
e i ther  pCpA or W B  4371, bu t  r a t s  which  had  a na tu ra l ly  
low l e v e l  of he te rosexua l  ac t iv i ty  were  mark ed l y  s t imu-  
lated.  

In  view of the  s t imu lan t  effect  of W B  4371 on sexual  
behav iour  i t  was decided to  inves t iga te  w h e t h e r  i t  was 
blocked by  5 - h y d r o x y t r y p t o p h a n  (5-HTP).  3 groups of 
male  ra t s  given e i ther  1% Tween 80, 100 mg/kg  pCpA or 
40 mg/kg  W B  4371 dai ly for 4 days,  were subd iv ided  on 
the  4 th  day  and  given 1% Tween 80 or 10 mg/kg  5-hy- 
d r o x y - t r y p t o p h a n  4 1 h before being t e s t ed  w i t h  female  
rats .  5 -HTP appeared  to block the  sexual  ac t iv i ty  p roduced  
by  W B  4371 as well as t h a t  p roduced  by  pCpA (Figure 5). 
Bo th  W B  4371 + 1% Tween 80 and  pCpA + 1% Tween 
80 t r e a t ed  ra t s  gave s igni f icant ly  increased scores 
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Fig. 4. Effects of 40 mg/kg WB 4371 and 100 mg/kg pCpA given daily 
for 4 days on male Wistar rats previously selected for 'high' or 'low' 
sexual activity when tested with female rats. The figure shows the 
results of the selection and the results after 4 days of drug treatment. 
In this experiment pCpA was suspended in, and WB 4371 was 
dissolved in, saline instead of Tween 80. Both WB 4371 and pCpA 
significantly increased the amount of sexual behaviour towards 
female rats by the 'low' activity groups (p < 0.01 in each case), 
but had little or no effect on the 'high' activity groups (n = 14 per 
group). 
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(p < 0.02 in b o t h  cases) bu t  t he  W B  4371 + 5 - H T P  and  
pCpA + 5 - H T P  t r ea t ed  an imals  were no t  s igni f icant ly  
d i f fe rent  f rom controls .  There  were 10 ra ts  in each group.  

The ac t ion  of pCpA is t h o u g h t  to  be re la ted  to a de- 
crease of b ra in  5-HT which  resul ts  f rom an inhib i t ion  of 
t r y p t o p h a n  hydroxylase .  I t  has  also been sugges ted  t h a t  a 
re la t ive  imba lance  o f  cerebral  ca techo lamines  and  of 
5-HT migh t  be involved  (TAGLIAMONTX et al. 5). The case 
for t he  p a r a m o u n t  impor t ance  of lowered cerebra l  5-HT 
levels in the  s t imula t ion  of sexual  behav iour  has  been 
vigorously  argued by  DA PRADA et aI.~4,15,~, and it 
would be especial ly in te res t ing  in view of our  last  f inding 
to s t u d y  what ,  if any, effects ~vVB 4371 has on th is  amine  16. 

Zusammen/assung. Nachweis ,  dass ein b e s t i m m t e s  
Ben zo d i o x an d e r i v a t  (WB 4371) eine ausgepr/ igte  Steige- 
rung  des Sexua lve rha l t ens  mXnnlicher  R a t t e n  bewirk t ,  
insbesondere  bei  Tieren mi t  ger inger  sexueller  Aktivit~Lt. 
Die s t imul ie renden  Ef fek te  yon  W B  4371 waren  min-  
des tens  so s t a rk  wie pCpA und  w u rd en  wie bei pCpA 
selbst  durch  5 - H T P  blockiert .  
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Fig. 5. Effects of 10 mg/kg 5-hydroxytryptophan (5-HTP) or 1% 
Tween 80 on the sexual behaviour of male Wistar rats pre-treated 
with either 1% Tween 80, 40 mg/kg WB 4371 or 100 mg/kg pCpA 
daily for 4 days. The dose of 5-HTP or 1% Tween 80 was administered 
i.p. 1 h before testing. Both WB 4371 + 1% Tween 80 and pCpA + 
1% Tween 80 treated rats gave significantly increased scores 
(p < 0.02 in both eases) but the WB 4371 + 5-HTP and the pCpA+ 
5-tlTP treated animals were not significantly differeut from controls 
(n = 10 per group). 

The Behavioral Effects of 2 ,5 -Dimethoxy-4-Alkyl  Amphetamines  

The hal lucinogenic der iva t ives  of t r y p t a m i n e  and  
pheny la lky lamine  show cross to lerance  wi th  lysergic acid 
d ie t t ly lamide  (LSD) ind ica t ing  t h a t  t h e y  share  a co mmo n  
mode  of ac t ion  1. The A r ing  of L S D  could cor respond  to  
the  6 -membered  r ings of t r y p t a m i n e  and  phene thy l ami n e .  
The N(6) of L S D  is p r o b a b l y  located  at  the  pos i t ion  of 
t he  s ide-chain  n i t rogen  in t h e  t r y p t a m i n e  and  p h e n e t h y l -  
amine  moiet ies  (Figure 1). This  hypo thes i s  as p r o p o u n d e d  
by KANG and  GREEN 2 has  been  suppor t ed  by  a va r i e ty  of 
expe r imen ta l  f indings.  As would  be p red ic t ed  f rom th i s  

t h eo ry  the  trans i somer  of 2 - (3 ,4 ,5- t r imethoxyphenyl )  
cyc lopropylamine  appears  to  have  the  biological ac t iv i ty  
of mescal ine  3. Tile r igid analogues 2-amino-7-hydroxy-  
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