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s t a n d a b l e  t h a t  L-Dopa e n h a n c e d  t he  effects  of apo-  
morph ine .  A m a n t a d i n e ,  on  t he  con t ra ry ,  i n h i b i t e d  t h e  
gnawing  compul s ion  induced  b y  a dose of 10 m g / k g  of 
apomorph ine .  A s imi la r  dose -dependen t  i n h i b i t i o n  b y  
a m a n t a d i n e  was obse rved  w h e n  a dose of a p o m o r p h i n e  
(4 mg/kg)  i nduc ing  ha l f  t he  m a x i m a l  effect  was used 
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Fig. 2. Effect of chlorpromazine (CPZ), amantadine (A), metoclopra- 
mide (M) or saline (S} on the gnawing compulsion induced by apo- 
morphine. CPZ, A, M or S were given in the doses indicated (mg/kg 
i.p.) 30 min before the injection of apomorphine (10 mg/kg) and the 
gnawing compulsion was noted after a further 30 min using an arbi- 
trary scale from 0 to 3. The means ~ S.E. of 5-10 rats are given. 

(TaMe II) .  A m a n t a d i n e  b e h a v e d  in t h i s  respec t  as t h e  
dopamine rg i c  r ecep to r  b lock ing  agents ,  m e t o c l o p r a m i d e  
a n d  ch lo rp romaz ine .  

T h e  i n h i b i t i o n  of a p o m o r p h i n e  gnawing  b y  a m a n t a d i n e  
c a n n o t  be  exp la ined  on ly  b y  t h e  release of dopamine ,  
wh ich  h a s  been  sugges ted  as a m e c h a n i s m  for t h e  ac t ion  
of a m a n t a d i n e  7. W e  propose  t h a t  a m a n t a d i n e ,  in  add i t i on  
to  i ts  amifle re leas ing proper t ies ,  has  t h e  ab i l i t y  pa r t i a l l y  
to  occupy  t h e  dopamine rg i c  recep tors  w i t h o u t  caus ing  a 
m a r k e d  agonis t ic  ac t ion  of i ts  own, a n d  t h u s  compe tes  
w i t h  a p o m o r p h i n e  a t  t h e  r ecep to r  sites. 

Zusammen/assung. A m a n t a d i n  bewi rk t e  bei  R a t t e n  eine 
dosisabhS~ngige H e m m u n g  der  s o g e n a n n t e n  A p o m o r p h i n -  
<(Gnawing Compuls ion~ u n d  ve rh i e l t  s ich somi t  /~hnlich 
wie ein D o p a m i n r e z e p t o r b l o c k e r .  
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C a t e c h o l a m i n e  D e p l e t i n g  Effect  of B l a c k  W i d o w  
I n n e r v a t i n g  Dif ferent  G u i n e a - P i g  T i s s u e s  

The  v e n o m  of t he  b l a c k  widow spider  Latrodectus 
mactans tredecimguttatus (Rossi) ha s  been  shown  to cause 
ace ty lcho l ine  (ACh) dep le t ion  of r a t  super ior  cervical  
gangl ia  1, of b r a i n  cor tex  slices ~ a n d  of Torpedo electr ic  
t i ssue  slices a, w h e n  added  in v i t ro  to  t he  t i ssue  i n c u b a t i o n  
med ium.  These  f ind ings  are in  good a g r e e m e n t  w i t h  
e lec t rophys io logica l  e x p e r i m e n t s  where  t h e  v e n o m  was 
assayed  in  v i t ro  on  chol inerg ic  sys t ems  such  as frog 4 a n d  
ca t  ~ muscle  end-p la te s  a n d  r a t  super ior  cerv ica l  gangl ia  1, 6, 
i nd i ca t i ng  a p r e s y n a p t i c  s i te  of ac t ion  of t he  venom,  
af fec t ing  t he  m e c h a n i s m  of t r a n s m i t t e r  release. Latro- 
dectus v e n o m  has  been  d e m o n s t r a t e d  to  affect  also o the r  
t ypes  of ne rve  end ings  besides  t he  chol inergic  ones, 
namely ,  lobs te r  e x c i t a t o r y  a n d  i n h i b i t o r y  n e u r o m u s c u l a r  
j u n c t i o n s  7, locus t  e x c i t a t o r y  n e u r o m u s c u l a r  j u n c t i o n s  s 

Spider  V e n o m  on  F ibres  

a n d  r a t  iris adrenerg ic  ne rve - t e rmina l s% The  las t  r esu l t  
was  o b t a i n e d  b y  sub jec t ing  irises i n c u b a t e d  in v i t ro  to  
f luorescence h i s t o c h e m i s t r y  for t h e  de t ec t ion  of cate-  
cho lamines ;  add i t i on  of t h e  v e n o m  was followed b y  t h e  
d i s a p p e a r a n c e  of t h e  specific ye l low-green f luorescence 
of t h e  adrenerg ic  ne rve  fibres.  Th i s  ca t echo lamine -  
dep le t ing  effect  was  n o t  s econda ry  to  ACh release,  as 
d e m o n s t r a t e d  b y  t h e  n o r m a l  a p p e a r a n c e  of con t ro l s  
where  irises were i n c u b a t e d  in t h e  presence  of ACh a n d  
eser ine or of carbachol .  

E x t e n d i n g  t h e  o b s e rv a t i o n s  on  r a t  iris, we h a v e  now 
assayed  t h e  v e n o m  on t h i n  i n n e r v a t e d  t i ssues  of guinea-  
pig, equa l ly  su i ted  for s t r e t ch  p r epa ra t i ons .  I n  add i t i on  
to irises, f r a g m e n t s  of mesen te ry ,  spleen capsule,  infer ior  
v e n a  c a r s ,  g u t  l o n g i t u d i n a l  m u s c u l a r  l ayer  ( inc luding 

Fig. 1. Longitudina 2muscular layer 
of guinea-pig gut incubated in the 
absence (a) and in the presence (b) 
of the venom (0.5 pairs of glands/ml 
of medium). The yellow-green fluo- 
rescence of the adrenergie nerve fi- 
bres forming the Auerbaeh plexus 
disappears as a consequence of 
venom addition. 
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Figs. 2, 3, 4. Guinea-pig mesentery 
(2), iris (3) and spleen capsule (4) 
incubated in the absence (a) and in 
the presence (b) of the venom (0.01 
pairs of glands/ml of medium). At 
this venom concentration, the disap- 
pearance of the fluorescence is com- 
plete or almost complete. 

the  Auerbach  plexus) were dissected out  f rom young 
adul t  male and  female guinea-pigs and incuba ted  in an 
oscil lat ing wa te r  b a t h  a t  37 ~ in O 2 gassed vessels in a 
m e d i u m  wi th  the  following composi t ion  (mM):  NaC1, 
119.5; KCI, 4.2; CaC12, 1.3; MgSO4, 1.2; Na~HPO4-HC1 
buffer  (pH 7.4), 16.3; glucose, 10; ascorbic acid, 1.14. 
Detai ls  regarding the  p repa ra t ion  of the  v e n o m  and  the  
de t e rmina t i on  of i ts  p ro te in  con t en t  and t o x i c i t y  have  
been  repor ted  in a preceeding  pape r  s. Up  to  10 ~1 of the  
v e n o m  solution, app ropr i a t e ly  d i lu ted  in 0.9% NaC1, 
were added  to t he  exper imen ta l  vessels, and  equal  
amoun t s  of 0.9% NaC1 were added  to  the  controls .  Af ter  
1 h incubat ion,  the  t issues were washed  in several  
changes  of fresh medium,  s t r e t ched  on microscope slides, 
dr ied in a desiccator,  t r ea t ed  wi th  fo rma ldehyde  gas 
(70% humidi ty)  and  observed  wi th  a f luorescence 
microscope 1~ The yel low-green f luorescent  adrenergic  

fibres had the same appearance in control tissues, 

incubated without the venom, as in non-incubated tis- 
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sues;  t he  i n c u b a t i o n  cond i t ions  e m p l o y e d  h a d  the re fo re  
a p p a r e n t l y  no t  a l t e red  t h e  s t r u c t u r e s  a n d  t he  no rad rena l -  
ine stores.  

All  t he  t i ssues  a s sayed  r eac t ed  to  t h e  a d d i t i o n  of t h e  
v e n o m  w i t h  a s t r i k ing  r e d u c t i o n  of t he  specific yel low 
green  f luorescence;  however ,  t h e  c o n c e n t r a t i o n  necessa ry  
to o b t a i n  t h i s  effect  was no t  t h e  same  for all  t issues.  The  
a d d i t i o n  of a n  e x t r a c t  co r r e spond ing  to  0.1 pa i rs  of 
v e n o m  g l a n d s / m l  of i n c u b a t i o n  m e d i u m  (13 ~zg p r o t e i n /  
ml) was  fol lowed b y  comple t e  d i s a p p e a r a n c e  of t he  
specific f luorescene in all  t h e  t i ssues  examined ,  w i t h  t he  
excep t ion  of t h e  l o n g i t u d i n a l  muscu l a r  layer  of t he  gut .  
Th i s  t i ssue  showed  a n  a l m o s t  t o t a l  dep le t ion  on ly  w h e n  
i n c u b a t e d  a t  a 5 t imes  h igher  c o n c e n t r a t i o n  (Figure  1). 
W i t h  t he  a d d i t i o n  of 0.01 p a i r s / m l  t h e  iris, t h e  mesen te ry ,  
t he  infer ior  v e n a  c a v a  a n d  t h e  spleen capsule  sti l l  showed  
a t o t a l  or s u b t o t a l  d i s a p p e a r a n c e  of t he  specific f luores- 
cence (Figures 2, 3, 4), whi le  a t  a 10 t i m e s  lower concen-  
t r a t i o n  t he  dep le t ing  effect  was st i l l  c lear ly  v is ib le  in  t he  
mesen te ry ,  b u t  on ly  v e r y  s l igh t ly  in  t h e  o the r  t issues.  
These  q u a n t i t a t i v e  di f ferences  in  t he  response  of va r ious  
t i s sues  could be  due  to  di f ferences  e i the r  in  p e n e t r a t i o n  
of t h e  venom,  or in  s ens i t i v i t y  of t he  ne rve  t e r m i n a l s  
t o w a r d s  it. Gu inea -p ig  irises were sens i t ive  to  t h e  same  
c o n c e n t r a t i o n s  of v e n o m  as r a t  irises, a l t h o u g h  t he  whole  
o rgan i sms  differ  in  sens i t iv i ty .  The  a m o u n t s  of v e n o m / m l  
of i n c u b a t i o n  m e d i u m  w h i c h  p r o v e d  effect ive in v i t ro  m a y  
be c o m p a r e d  w i t h  t h e  LDs0/g of a n i m a I  b o d y  we igh t  in  

vivo,  w h i c h  was e s t ab l i shed  for mice :  0.01 g land  couples  
co r re sponded  to 2 LDs0's/h.  

The  n e u r o t r a n s m i t t e r  dep le t ing  ac t ion  of Latrodectus 
venom,  wh ich  h a s  a l r eady  b e e n  s h o w n  no t  to  be  r e s t r i c t ed  
to ehol inerg ic  n e r v e  t e rmina l s ,  e x t e n d s  t h e r e f o r e  to  
adrenerg ic  n e r v e  f ibres  a n d  t e r m i n a l s  of d i f fe ren t  m a m -  
m a l i a n  organs,  a l t h o u g h  w i t h  d i f fe ren t  degrees  of sus- 
cep t ib i l i ty .  These  f ind ings  m a y  help  to exp la in  t he  
s y m p t o m s  of Latrodectus poisoning.  

Riassunto. Divers i  t e s su t i  di  cavia ,  a d a t t i  pe r  l 'a l-  
l e s t imen to  di p r e p a r a t i  in  t o to  pe r  la d i m 6 s t r a z i o n e  delle 
ca t eco l amine  (per mezzo del la  f luorescenza  specif ics  che 
si sv i l uppa  in segui to al t r a t t a m e n t o  con fo rmalde ide  
gassosa) vengono  i n c u b a t i  in  v i t ro  in  p re senza  o in 
assenza  di u n  e s t r a t t o  di gh iando le  velenifere  del r agno  
Latrodectus mactans tredecimguttatus (Rossi).  I t e s su t i  
i n c u b a t i  in p resenza  del ve leno  (in concen t r az ion i  che 
pe r  cer t i  t e s su t i  sono di 1,3 ~xg di p ro t e ina /ml )  m o s t r a n o  
u n a  s compar sa  del la  f luorescenza,  e v i d e n t e m e n t e  d o v u t a  
a uno  s v u o t a m e n t o  delle r i se rve  di n o r a d r e n a l i n a  dal le  
t e r m i n a z i o n i  adrenerg iehe .  
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Deve lopment  of Tolerance  to Ag-THC in the Frog 

A l t h o u g h  1 -Ag- t e t r ahyd r ocannab i no l  (Ag-THC) is now 
genera l ly  recognized as t h e  pr inc ip le  ac t ive  c o m p o n e n t  of 
m a r i h u a n a  (Cannabis sativa) 1, i t  is st i l l  a m a t t e r  of d i spu te  
w h e t h e r  t he  biological  a c t i v i t y  resides  in  Ag-THC, i ts  
h y d r o x y l a t e d  me tabo l i t e s ,  p a r t i c u l a r l y  l l - h y d r o x y - A  9- 
THC,  or b o t h  2, The  l a t t e r  m e t a b o l i t e  ha s  been  r epo r t ed  
to  be  m a r k e d l y  more  p o t e n t  in  t h e  mouse  t h a n  t h e  p a r e n t  
c o m p o u n d  fol lowing i n t r a c e r e b r a l  a d m i n i s t r a t i o n  2. How-  
ever,  i t  h a s  also been  n o t e d  t h a t  whi le  A ~-THC is ex t ens ive ly  
m e t a b o l i z e d  to  l l - h y d r o x y - A g - T H C  b y  t he  l iver,  t h e  
a m o u n t  of t h i s  m e t a b o l i t e  t h a t  r een te r s  t h e  b lood  is 
r a t h e r  negligible,  t he  l l - h y d r o x y  m e t a b o l i t e  a p p a r e n t l y  
be ing  exc re t ed  r a t h e r  t h a n  r ec i r cu la t ed  3. Th i s  suggests  
t h a t  t he  a c t i v i t y  of t h e  l l - h y d r o x y  m e t a b o l i t e  m a y  be  
negl ig ib le  if t he  p a r e n t  c o m p o u n d  is be ing  examined .  
Th i s  m i g h t  exp la in  SOFIA a n d  BARRY'S 4 f ind ing  t h a t  
SKF-525,  w h i c h  i nh ib i t s  t he  mic rosoma l  e n z y m e  sys t ems  
respons ib le  for m u c h  of t he  m e t a b o l i s m  of Ag-THC, d id  
no t  a t t e n u a t e  t h e  d e p r e s s a n t  effect  of Ag-THC. However ,  
SKF-525  A has  r ecen t ly  been  shown  to increase  t he  l a t e n c y  
of t h e  onse t  of a c t i v i t y  of Ag-THC 5, w h i c h  suppo r t s  t h e  
c o n t e n t i o n  t h a t  a m e t a b o l i t e  m a y  in fac t  be  t he  ac t ive  

Duration of loss of righting reflex in the frog following chronic ad- 
ministration of Ag-THC 

Median time (see) 

N Day 1 Day 3 Day 5 

Drug 7 2435 76 1 

(60 mg/kg) 

Control 6 i 1 1 

c o m p o n e n t  in  A~-THC. However ,  2 aspec ts  of t he  l a t t e r  
e x p e r i m e n t  m a k e  t h i s  resu l t  s o m e w h a t  t enuous .  F i rs t ,  
S K F - 5 2 5 A  was shown  to h a v e  a s l igh t  e x c i t a t o r y  effect  
on  t he  b e h a v i o r a l  response  be ing  measured ,  (ope ran t  b a r  
pressing) ,  and  second, t he  same  a n i m a l s  were used to  
assess t he  onse t  of t he  effects  of Ag-THC alone  a n d  in t he  
presence  of S K F - 5 2 5 A ,  t h u s  i n t r o d u c i n g  t h e  poss ib i l i ty  
t h a t  to l e rance  to  t he  effects of AD-THC m a y  h a v e  been  
respons ib le  for t he  increased  l a t e n c y  of onse tK 

To i nves t i ga t e  t he  p r o b l e m  s o m e w h a t  d i f fe rent ly ,  we 
e x a m i n e d  t he  effects of A9-THC in  t he  frog. The  reason  
for us ing  t h i s  a n i m a l  is t h a t  t he  m e c h a n i s m  respons ib le  
for  h y d r o x y l a t i o n  of d rugs  b y  t h e  l iver  is no t  p r e sen t  in  
these  an ima l s  v. Nor  is i t  poss ible  to  induce  these  d rug  
m e t a b o l i z i n g  enzymes  in  t h e  frog b y  t r e a t m e n t  w i t h  
p h e n o b a r b i t a l ,  a l t h o u g h  th i s  ha s  been  s h o w n  for a v a r i e t y  
of o the r  species s. Consequent ly ,  unless  o the r  t i s sues  are 
ac t ive ly  m e t a b o l i z i n g  t he  drug,  a n y  b e h a v i o r a l  effects 
obse rved  fol lowing a d m i n i s t r a t i o n  of Ag-THC o u g h t  to  be  
due to t h e  p a r e n t  c o m p o u n d  and  n o t  i ts  h y d r o x y l a t e d  
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