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I n e f f e c t i v e n e s s  o f  L y s e r g i c  A c i d  D i e t h y l  A m i d e  -~5 
i n  S q u i d  G i a n t  A x o n  

Lysergic  acid d i e t h y l a m i d e  -~ (LSD) is a p o t e n t  hal-  
luc inogen  wh ich  affects  severa l  aspec ts  of neura l  a c t i v i t y  
and  b e h a v i o r  in  m a n  a n d  o the r  animals .  However ,  t he  
m e c h a n i s m s  t h r o u g h  wh ich  t he  effects on  neu ra l  a c t i v i t y  
occur  h a v e  no t  been  well-defined.  I n  an  effor t  to  eva lua t e  
the  ac t ion  of t h i s  ha l luc inogen  on  one a s p e c t  of neura l  
func t ion ,  i ts  effects on  t h e  basic  ionic e v e n t s  wh ich  give 
rise to  t he  n e u r a x o n  p o t e n t i a l  in  squid  g i an t  axon  were 
inves t iga ted .  

Methods. Squid g i a n t  axons  were excised, freed of 
s u p p o r t i n g  t i ssue  and  o t h e r  ne rve  f ibres  a n d  p laced  in to  
c h a m b e r  for m e a s u r e m e n t  of ionic cu r r en t s  us ing  the  
c o n v e n t i o n a l  vo l t age  c l amp t e c h n i q u e  t. Hepes  buffer  2 in  
K-free ar t i f ic ia l  s eawa te r  a t  p H  7.4 a t  4~ was used to 
m a i n t a i n  t he  excised axon.  The  t r a n s i e n t  p e a k  and  s t e a d y  
s t a t e  cu r r en t s  were measu red  us ing  s tep  pulses. E s t i m a -  
t i on  of t he  leakage  c u r r e n t  b y  a l inear  e x t r a p o l a t i o n  was 
o b t a i n e d  b y  us ing  hype rpo la r i z ing  pulses.  K and  Na  
cu r r en t s  were o b t a i n e d  b y  s u b t r a c t i n g  t he  e s t i m a t e d  
leakage  c u r r e n t  for each  s tep  pulse  f rom t he  s t e a d y  s t a t e  
and  t r a n s i e n t  peak  cur ren ts ,  respect ively .  The  c o n v e n t i o n s  
used to  r ep resen t  these  d a t a  are a) all pos i t ive  cu r r en t s  
are o u t w a r d  cu r r en t s  and  b) when  t he  m e m b r a n e  p o t e n t i a l  
is nega t i ve  t he  i n t e r n a l  p o t e n t i a l  is nega t i ve  w i t h  respec t  
to  t h e  e x t e r n a l  po ten t i a l .  

These  cu r r en t s  were measu red  a lone in K-free ar t i f ic ia l  
s eawa te r  u n d e r  con t ro l  or base l ine  cond i t ions  a n d  in t he  
presence  of LSD-25,  1 ~g/ml,  for per iods  of a t  leas t  10 
min.  L S D  was o b t a i n e d  f rom t he  Cente r  for S tudies  of 
Narco t ic  a n d  Drug  Abuse  as D-lysergic acid d i e thy lamide ,  
Sandoz  Pha rmaceu t i c a l s ,  Hanove r ,  New Jersey,  b a t c h  
No. 69003, as the  t a r t r a t e ,  0.1 m g / m l / a m p u l e .  This  d rug  
was d o c u m e n t e d  to  be  99% pure  (ana ly t ica l  d a t a  sheet  
No. 15886-17).  

Results.  The  effects of LSD-25  on t he  Na  K cu r ren t s  is 
shown in t he  Figure.  The  N a - K  cu r r en t s  are p l o t t ed  on  t he  
o rd ina t e  as a f unc t i on  of t he  m e m b r a n e  p o t e n t i a l  wh ich  
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Effect of LSD-25 on Na-K  current of squid giant axon. The currents 
are p lo t t ed  on  the  o rd ina te ,  the  m e m b r a n e  po t en t i a l  on the  abscissa.  
The  a r rows  ind ica te  the  e x p e r i m e n t a l  po t en t i a l s  a t  wh ich  the  ionic 
c u r r e n t s  were  measu red .  

( L S D )  o n  A l t e r i n g  N a - K  C u r r e n t s  

is p lo t t ed  on  t he  abscissa.  There  is no difference in t he  
m e a s u r e d  cu r r en t s  u p o n  t he  add i t i on  to the  ex t e rna l  
so lu t ion  of e i the r  LSD-25 (Figure).  

Discussion.  These  resu l t s  d e m o n s t r a t e  t h a t  admin i s t r a -  
t ion  of mass ive  c o n c e n t r a t i o n  of L S D  do no t  a l t e r  the  
basic  ionic even t s  wh ich  give rise to  the  ac t ion  po ten t i a l .  
Never the less ,  single n e u r o n a l  un i t s  in  t he  m i d b r a i n  
r a p h e  nuclei  of r a t  e x h i b i t  s ign i f ican t  i n h i b i t i o n  of spon-  
t aneous  f i r ing  ra t e  a f te 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  of 
m i n u t e  a m o u n t s  of L S D  (10-20 ~g/kg) 3. Similar ly ,  
p a r e n t e r a I  a d m i n i s t r a t i o n  of smal l  a m o u n t s  of L S D  in ca t  
has  been  shown  to p roduce  i n h i b i t i o n  of some classes of 
cerebra l  synapses4,  5 a l t h o u g h  no t  in al l  s a n d  to a l t e r  
s ign i f i can t ly  synap t i c  de lay  in t he  la te ra l  genicula te  
sys t em 7. In  man ,  a d m i n i s t r a t i o n  of th i s  d rug  in concen t r a -  
t ions  of 1-2 txg/kg has  been  shown  to i n h i b i t  cor t ical  
dendr i t i c  a c t i v i t y  7 and  synap t i c  t r a n s m i s s i o n  in the  
v isua l  sys t em s . Neura l  a c t i v i t y  a n d  b e h a v i o r  in lower 
species such  as lobster% fish 10,~1, s a l a m a n d e r  l~, snail~3, 
and  spider  ~ are also affected b y  t h i s  drug. Minu te  
c o n c e n t r a t i o n s  of L S D  (0.0002 ~g pe r  ml) h a v e  also been  
observed  to affect  b r a i n  cells in t i ssue  cu l tu re  ~. The  
b e h a v i o r  of t he  in tac t ,  free s w i m m i n g  squid in the  pres-  
ence of a c o n c e n t r a t i o n  of LSD-25  1/100 as c o n c e n t r a t e d  
as t h a t  w h i c h  was ineffect ive  in a l t e r ing  t h e  ac t ion  po ten -  
t ia l  of t he  g i an t  axon  (i.e., 0.001 ~g/ml,  free sw imming ;  
1 ~g/ml  in g i an t  axon  p repa ra t i on )  s ign i f i can t ly  depressed 
s p o n t a n e o u s  a c t i v i t y  and  s w i m m i n g  and  depressed 
respons iveness  to  touch .  Th i s  depress ion  in s p o n t a n e o u s  
a c t i v i t y  w i t h  LSD-25  is s imi la r  to  t h a t  obse rved  in t he  
s a l a m a n d e r  12 a t  c o n c e n t r a t i o n s  of LSD-25 wh ich  were no t  
too  diss imilar .  These  resul t s  sugges t  t h a t  LSD-25  is 
effect ive in a l t e r ing  some aspec ts  of neu ra l  a c t i v i t y  in t he  
squ id  b u t  i t  is ineffec t ive  in a l t e r ing  t he  basic  ionic even t s  
w h i c h  give r ise to  t he  ac t ion  po ten t i a l .  L S D  does affect  
synap t i c  conduc t ion ,  one effect  be ing  its b lock ing  ac t ion  
of sero tonergic  p o s t - s y n a p t i c  r ecep to r  sites. Effec ts  in  
several  synapses  h a v e  been  p rev ious ly  observedS,~,  s. 

A l t h o u g h  L S D  did  no t  a l t e r  t he  N a - K  cu r r en t s  in  t h e  
squid  g i an t  axon  ha rmal ine ,  a n o t h e r  hal lucinogen,  de- 
creased t h e  sod ium m e m b r a n e  c o n d u c t a n c e  of squid  g i an t  
axon  ~s. A l t h o u g h  Ag- t e t r ahyd rocann ibo l  decreased  t he  
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size of t he  c o m p o u n d  ac t ion  p o t e n t i a l  of n o n - m y e l i n a t e d  
f ibres  of t he  vagus  n e r v e  of r a b b i t  in  c o n c e n t r a t i o n s  as 
low as 10 ~zM i t  d id  no t  af fec t  the  N a - K  cu r r en t s  in squ id  
g i an t  axon  a p h e n o m e n o n  also obse rved  b y  us for  L-trans- 
AS- te t r ahydrocann ibo l  in  c o n c e n t r a t i o n s  as g rea t  as 0.4 
m M  (unpub l i shed  observa t ions ) .  
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Zusammen/assung. Nachweis ,  dass  Lysergs/ iuredi /~thyl-  
amid-25 (LSD) die I o n e n s t r 6 m e  yon  N a  u n d  K im Riesen-  
a x o n  des T in ten f i sches  s u c h  in h o h e n  K o n z e n t r a t i o n e n  
n i c h t  beeinflusst2 
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Male Sex Pheromone from the Wing Glands of the 
(Hbn.) (Lepidoptera: Phycitidae) 

Several  male  p h y c i t i d  m o t h s  inc lud ing  t he  I n d i a n  mea l  
mo th ,  Plodia interpunvtella, possess a cha rac t e r i s t i c  g land  
loca ted  a t  t he  base  of each  forewingL I t  cons is t s  of a 
m e m b r a n e o u s  f lap over ly ing  special ized scales t h a t  are  
p r e s u m e d  to release a scent  t h a t  s t i m u l a t e s  the  female  1, 
b u t  no  f u n c t i o n  has  ye t  been  d e m o n s t r a t e d .  In  t he  case of 
t h e  re la ted  pyra l id  mo th ,  Achroia grisella (Fabr . ) ,  t h e  
male  wing  g lands  (also loca ted  a t  t he  base  of t he  forewings) 
release a sex p h e r o m o n e  t h a t ,  in c o m b i n a t i o n  w i t h  sound,  
a t t r a c t s  t he  female  to  t he  male  a However ,  t he  male  scent  
scales of o the r  m o t h s  and  bu t t e r f l i e s  Usually e m i t  a sex 
p h e r o m o n e  d u r i n g  cour t sh ip  wh ich  ac ts  as a n  aphrod i s i ac  
i n h i b i t i n g  f l igh t  a n d  r ende r ing  t he  female  recep t ive  to  
t h e  c o p u l a t o r y  a t t e m p t s  of t he  ma lea -L  Th i s  r e p o r t  
descr ibes  t he  func t i on  of t h e  supposed  scen t  g lands  of t he  
I n d i a n  mea l  mo th .  

O b s e r v a t i o n s  of m a t i n g  b e h a v i o u r  were m a d e  in a glass 
pe t r i  d ish  (10 cm diam.) .  The  sexua l ly  exc i ted  male  
typ ica l ly  app roaches  t he  cal l ing female  w i t h  his  wing  
g lands  open ;  t h a t  is, t he  f lap cover ing  t he  scen t  scales is 
ra i sed  a n d  t he  scales t hemse lves  are erected a n d  splayed.  
Genera l ly  cour t sh ip  is i n i t i a t e d  when  t he  ma le  app roaches  
f rom the  rear  and  nudges  t he  unde r s ide  of t he  female  
a b d o m e n  and  wings  w i t h  his  h e a d  and  a n t e n n a e .  I f  
recept ive ,  t he  female  t u r n s  180 ~ and  usua l ly  lowers her  
a b d o m e n  f rom the  cal l ing posi t ion .  She faces t he  male  
head  on and  r e m a i n s  s t a t i ona r y .  The  male  moves  fo rward  
a n d  p u t s  his  h e a d  u n d e r  t he  head  of t he  female.  The  female  
r e sponds  b y  b r ing ing  he r  a n t e n n a e  fo rward  so t h a t  t h e y  
lie close to  t he  wing  g lands  b u t  a p p a r e n t l y  do no t  t o u c h  

Effect of removal of male wing glands or female antennae on mating 
success of Plodia interpunctella during 10 min observation period 

Sex and treatment No. of pairs Percent mated 

Controls 
and ~ Normal 92 93 
3/4 Aatennaeless 30 83 

c~ 7/8 Wingless, gland intact 20 80 

Experimentals 
Antennaeless 30 27 
Glandless 30 37 

Indian Meal Moth, Plodia interpunctella 

t h e m .  Fol lowing  this ,  t he  female  raises her  a b d o m e n  so 
t h a t  i t  p ro jec t s  be tween  her  wings  in a pos i t ion  s imi la r  to  
cal l ing b u t  the  p h e r o m o n e  g land  is no t  exposed.  Th i s  is 
t e r m e d  t he  accep tance  pos tu re  a n d  as soon as i t  is t a k e n  
up  t he  male  m a k e s  gen i ta l  t h r u s t s  and  copu la t ion  usua l ly  
follows. 

I f  t he  female  c a n n o t  perce ive  t he  male  scent ,  however ,  
he r  cou r t sh ip  b e h a v i o u r  is d ras t i ca l ly  a l t e red  a n d  she 
re jec ts  the  cou r t ing  male.  E l i m i n a t i o n  of female  pe rcep t ion  
of t he  male  scent  was accompl i shed  in two ways,  e i t he r  b y  
b i l a t e ra l  a n t e n n e c t o m y  of t he  female  or b y  r e m o v i n g  b o t h  
male  Iorewings  inc lud ing  the  glands.  Controls ,  to  assess the  
effects of a m p u t a t i o n ,  cons is ted  of females  wh ich  had  
a b o u t  3/4 of t h e i r  a n t e n n a e  r e m o v e d  leav ing  smal l  f lagel lar  
s t u m p s  w h i c h  c o n t a i n e d  n u m e r o u s  chemorecep to r s  or 
males  wh ich  h a d  mos t  (about  v/8 ) of the i r  forewings  re- 
m o v e d  excep t  t h e  g lands  wh ich  were left  a t t a c h e d  to  t he  
male.  All  a m p u t a t i o n s  were car r ied  ou t  on  insec ts  l igh t ly  
na rco t i zed  w i t h  c a r b o n  dioxide.  

Cour t sh ip  i nvo lv ing  a glandless  male  a n d  a n o r m a l  
female  was in i t i a t ed  in t h e  usual  m a n n e r .  However ,  t he  
female  w h e n  n u d g e d  on the  r ea r  of he r  a b d o m e n  b y  t he  
male  t u r n e d  e i the r  less t h a n  or more  t h a n  180 ~ so t h a t  she 
did  no t  face t he  male  head  on. A t  t he  same  t i m e  she backed  
up  and  t u r n e d  he r  h e a d  and  b o d y  to one side t h e n  t he  
o t h e r  of t he  ma le ' s  head  a n d  c o n t i n u e d  to avo id  t he  head-  
on con f igu ra t ion  w i th  t he  male.  The  male  a d v a n c e d  as t he  
female  backed  up  a n d  a t t e m p t e d  to p u t  h is  head  u n d e r  hers  
b u t  he r  m a n o e u v e r s  genera l ly  p r e v e n t e d  this.  Moreover ,  t he  
female  d id  no t  erect  he r  a b d o m e n  be tween  he r  wings  in the  
t yp i ca l  accep tance  pos ture .  Consequent ly ,  c o p u l a t o r y  
t h r u s t s  were i n f r e q u e n t  d u r i n g  re j ec t ion  behav iour .  E v e n -  
t u a l l y  c o n t a c t  was lost  be tween  t he  p a r t n e r s  a n d  cour t sh ip  
was t e r m i n a t e d .  I f  t he  ma le ' s  cou r t sh ip  a p p r o a c h  was to  
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