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t h e r m o r e g u l a t o r y  responses.  To d e t e r m i n e  w h e t h e r  t h e  
dua l  responses  m i g h t  be  m e d i a t e d  b y  musca r in i c  and  
n ico t in ic  sys t ems  w i t h i n  t h e  A H / P O  region,  s imi la r  
in jec t ions  of n ico t ine  a n d  oxo t remor ine ,  specific n ico t in ic  
a n d  musca r in i c  agonis ts ,  respec t ive ly ,  were pe r fo rmed .  
Nicot ine ,  in j ec ted  in c o n c e n t r a t i o n s  r a n g i n g  f rom 0.01 
to  0.3 M p roduced  e i the r  no effect  or a de layed  a n d  
g r adua l  increase  in t e m p e r a t u r e  wh ich  bore  no  resem- 
b lance  to  t he  response  to  carbachol .  S imi la r  delayed,  
g r adua l  t e m p e r a t u r e  increases  h a v e  been  obse rved  a f t e r  
con t ro l  in jec t ions  of ar t i f ic ia l  ce rebrosp ina l  f luid a n d  m a y  
be a t t r i b u t a b l e  tO py r ogen  c o n t a m i n a t i o n  or a pyrogen ic  
t i ssue  f ac to r  re leased b y  m e c h a n i c a l  d i s t u r b a n c e  of t he  
in j ec t ion  site. Oxo t remor ine ,  on  t h e  o t h e r  h a n d ,  p roduced  
t h e r m o r e g u l a t o r y  effects  w h i c h  were r e m a r k a b l y  s imi la r  
to  those  evoked  by  carbachol ,  a l t h o u g h  s o m e w h a t  h ighe r  
doses were requi red .  The  t h e r m o r e g u l a t o r y  effects  of 
in j ec t ions  of ca rbachol ,  n i co t ine  a n d  o x o t r e m o r i n e  
in jec ted  in to  2 d i f fe ren t  A H / P O  sites are i l l u s t r a t ed  in 
t he  Figure .  

F u r t h e r  ana lys i s  of the  n a t u r e  of t he  b iphas i c  ca rbacho l  
response  was car r ied  ou t  us ing  1-hyoscyamine ,  a specific 
musca r in i c  r ecep to r  a n t a g o n i s t  and  m e c a m y l a m i n e ,  a 
specific n ico t in ic  r ecep to r  an t agon i s t .  One of these  
subs t ances  was in jec ted  in to  a si te  20 ra in  p r io r  to  t he  
in jec t ion  of a dose of c a r b a c h o l  which,  w h e n  a d m i n i s t e r e d  
a lone  in to  t he  same site, evoked  a b iphas i c  response.  At  
6 sites, p re - in jec t ion  of 0.012 M 1-hyoscyamine  p roduced  
a 6 0 - 7 0 %  r e d n c t i o n  in t he  m a g n i t u d e  of b o t h  t he  fa l l ing  
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Changes in colonic temperature evoked by injections into 2 sites 
within the AH/PO region of 1.0 ~xl of various molar concentrations 
of carbachol (CCh) nicotine (NIC) and oxotremorine (OXO). 

a n d  t he  r i s ing phase  of t he  response  evoked  b y  0.03 M 
carbachol .  This  r e d u c t i o n  was s ign i f ican t  a t  t he  0.05 
level. However ,  p re - in jec t ion  of m e c a m y l a m i n e  a t  a 
c o n c e n t r a t i o n  of 0.13 M, 10 t imes  t he  c o n c e n t r a t i o n  of 
1 -hyoscyamine  used, p roduced  on ly  a 29% reduc t i on  
of t he  fa i l ing  phase  ( P  > 0.05) a n d  fai led to affect  t he  
r i s ing phase .  I n j e c t i o n  of 1 -hyoscyamine  or mecamyl -  
a m i n e  a lone h a d  no  c o n s i s t a n t  effect  on  b o d y  t e m p e r a t u r e ,  
a l t h o u g h  m e c a m y l a m i n e  occas ional ly  p roduced  a sma l l  
increase.  

These  f ind ings  sugges t  s t rong ly  t h a t  b o t h  t he  fall  and  
t he  rise in t e m p e r a t u r e  p roduced  b y  ace ty lcho l ine  or 
c a rbacho l  in j ec ted  in to  t h e  A H / P O  region of t he  ca t  b r a i n  
are due  to  an  ac t ion  on  musca r in i c  or muscar in ic - l ike  
recep tors  and  t h a t  s t i m u l a t i o n  of n ico t in ic  recep tors  is 
no t  involved .  The  b iphas ic  effect  on  b o d y  t e m p e r a t u r e  
evoked b y  in jec t ion  of c a rbacho l  a t  some A H / P O  loci is 
un l ike ly  to  be  a resu l t  of s equen t i a l  exc i t a t i on  a n d  inh ib i -  
t i on  (or v ice-versa)  of a s ingle musca r in i c  p a t h w a y  because  
in j ec t ion  of a musca r in i c  a n t a g o n i s t  a t  t hese  same si tes  
- wh ich  would  p r e s u m a b l y  p roduce  i n h i b i t i o n  of f unc t i on  - 
fai led to p roduce  a n y  m a j o r  change  in b o d y  t e m p e r a t u r e .  
Moreover ,  i n j ec t ion  of c a rbacho l  a t  some si tes  w i t h i n  t he  
A H / P O  region evoked  on ly  one u n i t a r y  effect, e i the r  a 
fal l  or a rise in  t e m p e r a t u r e  3. The  m o s t  pa r s imon ious  ex- 
p l a n a t i o n  of these  f ind ings  is t h a t  t he  A H / P O  region of 
t h e  ca t  con ta ins  pa r t i a l l y  ove r l app ing  h e a t  ga in  a n d  h e a t  
loss p a t h w a y s ,  b o t h  of wh ich  are musca r in i c  in  na tu re .  
B iphas i c  responses  would occur  w h e n  musca r in i c  agonis t s  
are in j ec ted  in to  areas  of over lap .  

W i t h  respec t  to  i ts  lack  of nicot in~cal ly sens i t ive  
synapses  in  t he  A H / P O  h e a t  loss p a t h w a y ,  the  ca t  
a p p a r e n t l y  differs  f rom the  r a t  a n d  rhesus  monkey .  I n  
these  l a t t e r  species, n ico t in ic  s t i m u l a t i o n  of the  A H / P O  
region evokes  a decrease  in b o d y  t e m p e r a t u r e  r How-  
ever, t he  poss ib i l i ty  t h a t  n ico t in ic  synapses  i nvo lved  in 
h e a t  loss m a y  exis t  in t he  pos t e r io r  h y p o t h a l a m u s  or  
lower b r a i n  s t em of t he  ca t  c a n n o t  be  dismissed.  Indeed ,  
2 r ecen t  r epo r t s  t h a t  n ico t ine  in jec ted  in to  t he  ce rebra l  
ven t r ic les  of t he  ca t  s u p p o r t  th i s  poss ib i l i ty  6, 7 

Rdsumd. On a examin@ ia n a t u r e  du  c h a n g e m e n t  bi-  
p h a s i q u e  de  la t e m p 6 r a t u r e  rec ta le  p r o d u i t  p a r  une  
in jec t ion  de c a r b a m y l c h o l i n e  dans  l ' h y p o t h a l a m u s  du  
chat .  Los phases  d ' a u g m e n t a t i o n  et  de d i m i n u t i o n  de la 
r6ponse  on t  6t6 caus6es p a r  des r e c @ t e u r s  h y p o t h a l a -  
miques  musca r in iques .  
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P h e r o m o n e  and Host  O d o r - S t i m u l a t e d  Potent ia ls  in Dendroc tonus  

Elee t rophys io log ica l  i nves t i ga t i ons  of a n t e n n a l  ol- 
f ac to ry  respons iveness  to  p h e r o m o n e s  a n d  hos t  odors  
h a v e  been  r epo r t ed  for severa l  insec t  speciesl .  A n t e n n a l  
o l fac to ry  response  can  be  m e a s u r e d  t h r o u g h  ac t ion  
p o t e n t i a l s  f rom one to a few recep to r  cells ~ and  t h r o u g h  

t h e  e l e c t r o a n t e n n o g r a m  (EAG) 3 I n  genera l  E A G  records  
cons is t  of t h e  s u m m a t i o n  of severa l  r ecep to r  p o t e n t i a l s  
f rom o l fac to ry  receptors .  However ,  w i t h  t he  ind i f fe ren t  
e lec t rode  in the  head  of the  insect ,  m u s c l e . p o t e n t i a l s  
o f ten  a p p e a r  in t he  records  3. W h e n  t he  r ecord ing  a n d '  
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ind i f fe ren t  e lec t rodes  were p laced  i n  the  a n t e n n a  an d  
head  of Bombyx mort L., respect ively ,  ac t ion  po ten t ia l s ,  
p r e s u m a b l y  f rom a n t e n n a l  muscles  in  t he  pedicel ,  
o c c u r r e d  s p o n t a n e o u s l y  and  upon  s t i m u l a t i o n  b y  odor  3. 

I n  a n t e n n a l - h e a d  p r e p a r a t i o n s  of Dendroctonus spon-  
t aneous  and  odo r - s t imu la t ed  ac t ion  po t en t i a l s  h a v e  
appea red  f r equen t ly  w i t h  t he  EAG.  I n  add i t ion ,  ove r  60 
p r e p a r a t i o n s  h a v e  d i sp layed  t he  presence  of o t h e r  
po ten t i a l s  (not  ac t ion  po ten t ia l s )  p r o b a b l y  f rom antenna.1 
muscles  in t he  pedicel,  scape and  head  (Figure 1). The  
occurrence  of these  o the r  po t en t i a l s  is s ign i f ican t  in t h a t  
t h e y  differ  in  response  to p h e r o m o n e s  and  to  hos t  t ree  
odors, wh ich  cor responds  to  t h e  E A G s  recorded  f rom t h e  
o l fac tory  recep tors  on  t he  c lub of t he  a n t e n n a  s (Figure 2). 

E lec t rophys io log ica l  record ings  were m a d e  f rom males  
a n d  females  of D. [rontalis Zimm.  a n d  D. brevicomis LeC. 
in response  to  t h e  aggrega t ion  phe ron lones  f ron t a l i n  
(1, 5-d imethyl -6 ,  8-d ioxabicyclo  E3.2.1~ octane)  5, exo- 
b r e v i c o m i n  (5, 7 -d ime thy l -6 ,8 -d ioxab icyc lo  [3.2.1] oc- 
tane)  ~ an d  the  hos t  t ree  t e rpenes  e -p inene  an d  3-carene on 
f i l ter  paper .  I n  na tu re ,  d i f fe ren t  c o m b i n a t i o n s  of some 
of these  c o m p o u n d s  are k n o w n  to aggrega te  b o t h  species. 
Techn iques  for r ecord ing  a n d  odor  sample  p r e s e n t a t i o n  
are r epo r t ed  elsewhereK Glass  cap i l l a ry  Ag-AgC1 micro-  
e lectrodes  filled w i t h  3 M KC1 were used. The  record ing  
e lec t rode  was inse r t ed  in t h e  t e r m i n a l  segment"  of t he  
a n t e n n a  (club) a n d  t h e  ind i f f e ren t  e lect rode was inse r t ed  
in t h e  head  capsule  a t  t h e  base  of t h e  a n t e n n a .  Records  
were m a d e  on  Po la ro id  fi lm. 

Responses  to  t h e  c o m p o u n d s  recorded  in t h e  DC mode  
showed t y p i ca l  E A G s  on w h i c h  were supe r imposed  
p o t e n t i a l s  a p p a r e n t l y  f rom a n t e n n a l  muscle  m o v e m e n t .  
B o t h  E A G  an d  muscle  p o t e n t i a l  a m p l i t u d e  increase  to  
s t i m u l a t i o n  b y  increased  c o n c e n t r a t i o n  of a c o m p o u n d  
(1-ca. 104 ~g on f i l ter  paper) .  A t  h i g h  c o n c e n t r a t i o n  t he  
a m p l i t u d e  of response  to p h e r o m o n e  was cons ide rab ly  
g rea te r  t h a n  t h e  response  to t e rp en e  (Figure  2). 

The  po t en t i a l s  were on ly  p r e s en t  in t h e  record ings  
w h e n  t h e  ind i f fe ren t  e lec t rode  was p laced  in t h e  scape or 
in  t h e  head  where  i t  jo ins  t h e  a n t e n n a .  E A G s  h o w e v e r  
were recorded  w i t h  t h e  ind i f f e ren t  e lec t rode  p laced  
elsewhere.  The  po t en t i a l s  were n o t  cons idered  as a r t i f ac t s  
because :  a) t h e y  were on ly  recorded  f rom specific a reas  
of t h e  insect ,  b) t h e y  va r i ed  in i n t e n s i t y  an d  f r equency  w i t h  
a g iven  s t imu lus  a n d  concen t r a t i on ,  c) t h e y  occur red  on ly  
in response  to  b iological ly  ac t ive  compounds ,  an d  d) 
t h e y  were n o t  recorded  f rom excised a n t e n n a e  as were  
EAGs.  The  p o t e n t i a l s  were  n o t  cons idered  to be  ac t ion  
po t en t i a l s  f rom o l fac to ry  r ecep to r  ceils because  of t h e  
presence  of osci l la t ing a m p l i t u d e .  

Behav iora l ly ,  b o t h  Dendroctonus species d i sp lay  an t en -  
hal  ra i s ing  an d  o r i e n t a t i o n  m o v e m e n t s  w h e n  s t i m u l a t e d  
b y  t h e  p h e r o m o n e s  a n d  te rpenes .  The  responses  recorded  
e lec t rophys io logica l ly  are  p r o b a b l y  associa ted  w i t h  t h a t  
a n t e n n a l  m o v e m e n t .  7 

Fig. 1. EAG from Dendroetonus /rontalis to ca. 103 [zg of frontalin 
showing muscle potentials. 4, stimulus on; f stimulus off. Insert shows 
typical EAG to frontalin. 

Rdsumd. Les possibi l i t6s  de m o u v e m e n t  des muscles  
a n t e n n a i r e s  f u r e n t  enregis t r6s  s i m u l t a n 6 m e n t  p a r  electro-  
a n t e n n o g r a m m e  chez deux  esp~ces de Dendroctonus 
r6ag i ssan t  ~ la p h 6 r o m o n e  e t  au x  odeurs  des p l an t e s  sur  
lesquelles elles v i v en t .  Dans  les deux  sexes de ces esp&ees, 
le po t en t i e l  m o t e u r  diff6ra en ra i son  de la p h 6 r o m o n e  et  de 
l 'odeur .  
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Fig. 2. Responses of Dendroctonus brevicomis recorded in AC mode 
showing differential muscle response to pheromones and terpenes 
(ca. 104 ~g on filter paper). Air, control, 
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