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Evidence  for a N e u r o g e n i c  'Rebound'  Contract ion of the S m o o t h  Musc le  of the Chicken Proventr iculus  

In  the  presence  of a t ropine ,  t r a n s m u r a l  s t imula t ion  of 
an isolated in tes t ina l  p repa ra t ion  caused a re laxat ion,  
non-adrenerg ic  in origin, and  th is  re laxa t ion  was  fre- 
quen t ly  conve r t ed  in to  a con t rac t ion  a t  t h e  end of 
s t imula t ion  1,2. CAMPBELL 2 concluded t h a t  t he  af ter-  
con t rac t ion  of t he  taen ia  of the  guinea-pig caecum was  
caused by  a r ebound  p h e n o m e n o n  of t he  smoo th  muscle  
resul t ing f rom the  ini t ial  re laxat ion.  This  is based  on the  
e lectrophysiological  evidence descr ibed b y  BENNETT s. 
On the  o the r  hand ,  DAY a n d  WARREN 4 did no t  suppor t  
th is  concept .  Recent ly ,  AMBACHE and  FREEMAN 5 have  
shown t h a t  a t rop ine - res i s t an t  spasms  of longi tudinal  
muscle  p r epa ra t i on  f rom t h e g u i n e a - p i g  i leum m a y  be due 
to exc i ta t ion  of non-chol inergic  neurons.  In  these  previous  
exper iments ,  a t rop ine - re s i s t an t  con t rac t ions  p roduced  
only by  s t imula t ion  of t he  postgangl ionic  nerve  in the  
in tes t ina l  wall  were inves t iga ted ,  In  th is  pape r  we deal t  
w i th  the  a t rop ine - res i s t an t  a f t e r -con t rac t ion  caused by 
vagal  and  t r a n s m u r a l  s t imula t ion  in the  vagus - smoo th  
muscle  p r epa ra t i on  f rom the  s t omach  of t he  domes t ic  
fowl. 

Mater ia l  and method. Longi tud ina l  segments  of t issue 
abou t  2 cm long and  3 m m  wide were r emoved  f rom the  
p roven t r icu lus  of an 8-9-week-old chicken wi th  the  vagus 
nerve  a t t ached .  The  mucosa  and gland t issue were t h e n  
de tached .  The p repa ra t ions  were set  up in BOLTON'S 
solut ion s which  was sa tu ra t ed  wi th  a m ix tu r e  of 5% CO2 
and  95~ 0 2 and  was  kep t  a t  35-37 ~ Vagal  and  t rans -  
mura l  s t imula t ions  were a l t e rna te ly  appl ied  wi th  square  
pulses of 1 msec dura t ion  and  s u p r a m a x i m a l  vol tage  for 
30 sec every  5 min.  The f requency  was f ixed at  20 pulses/  
sec excep t  o therwise  indicated.  

Resul ts  and discussion. The types  of the  responses  to 
vagal  and  t r a n s m u r a l  s t imula t ion  were classified in a lmos t  
the  same way  as those  descr ibed by  CAMPBELL 2 in the  
taenia  of t he  guinea-pig  caecum. In  una t rop in ized  pre-  
para t ions ,  t he  con t rac t ions  occurr ing dur ing  s t imula t ion  
were  enhanced  b y  physos t i gmine  (10 -v g/ml) and  reduced 
or abol ished b y  a t rop ine  (10-7-10 -6 g/ml). Af ter  a t ropine,  
the  response  changed  in to  a b iphasic  one which  consis ted 
of an init ial  re laxa t ion  and  an af te r -cont rac t ion:  The 

ampl i tude  of t he  a f t e r -con t rac t ion  was  a lmost  t he  same 
as, or f r equen t ly  larger  than ,  t h a t  of the  con t rac t ion  
which  occurred dur ing  s t imula t ion  in t he  u n t r e a t e d  pre- 
pa ra t ion  (Figure 1). H e x a m e t h o n i u m  (10-4-2.5 • 10 4 g/ 
ml) abol ished or marked ly  reduced  the  a f t e r -con t rac t ion  
caused by  vagal  s t imula t ion  w i t h o u t  showing a n y  signifi- 
can t  effect  f rom t r a n s m u r a l  s t imula t ion  (Figure 2). On 
the  o ther  hand ,  t he  init ial  re laxa t ion  caused by  bo th  
types  of s t imula t ion  was l i t t le  af fec ted  by  the  d rug  at  the  
above  concent ra t ion .  All these  responses  were comple te ly  
abol ished by  t e t r o d o t o x i n  (10 7 g/ml) excep t  a s l ight  con- 
t r ac t ion  which  remained  f requen t ly  dur ing  the  per iod of 
t r a n s m u r a l  s t imula t ion .  E v e n  af ter  the  con t rac t ion  occur- 
r ing dur ing s t imula t ion  was comple te ly  abol ished by  
a t ropine ,  t he  add i t ion  of physos t igmine  (5 x 10-7-10 -5 g/ 
ml) f r equen t ly  enhanced  the  a f t e r -con t rac t ion  caused by  

Fig. 2. Effect of hexanlethonium (2 • 10 -4 g/ml) on the responses to 
vagal and transmural stimulation in an atropinized preparation. 
Note that the after-contraction caused by vagal stimulation was much 
reduced by hexamethonium. 

Fig. 3. (A) Effect of physostigmine (3 • 10 6 g/ml) on the responses 
to vagal and transmural stimulation at 2 pulses/see in an atropinized 
preparation. (B) Responses to stinmlation at 2 pulses/see after 
washing out. (c) Responses to stimulation at 20 pulses/sec in the 
absence of physostigmine. 

Fig. 1. Effect of atropine (10 -~ g/ml) on the responses to vagal (filled 
circles) and transmural (open circles) stimulation for 30 sec at 
20 pulses/see. Arrows indicate the onset (~ or ~) and the offset (-->- or 
<--) points of stimulation, respectively. 
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b o t h  vagal  and  t r ansmura l  s t imulat ion.  An example  of 
this  effect  is shown in Figure 3 in which the  ampl i tude  of 
the  a f t e r -con t rac t ion  caused by  s t imula t ion  at  2 pulses/sec 
was enhanced  b y  physos t igmine  as large as those  pro- 
duced by  20 pulses/sec in the  absence  of physos t igmine .  
Adrenergic  neurone  blocking agents,  b re ty l ium (10 -~- 
10 -5 g/ml) and  guane th id ine  (10-~-5•  10 s g/ml), had  
l i t t le  effect  on these  re laxa t ions  and  contrac t ions .  

F r o m  these results,  the  a f t e r -con t rac t ion  caused by  
vagal  s t imula t ion  in an a t ropin ized  p repa ra t ion  seems to  
be med ia ted  t h rough  a cholinergic ganglionic synapse  
which  is effect ively blocked by  h e x a m e t h o n i u m .  The 
exc i ta t ion  of t he  postgangl ionic  f ibers of th is  p re sumed  
ganglion m a y  also be easily elici ted by  t r a n s m u r a l  s t imu-  
la t ion and causes the  a f te r -cont rac t ion .  In  some experi-  
ments ,  such an a f t e r -con t rac t ion  was enhanced  by  
physos t igmine .  In  conclusion, it  m u s t  be s t a t ed  t h a t  the  

a f t e r -con t rac t ion  is no t  necessar i ly  only a myogen ic  re- 
bound  p h e n o m e n o n  of the  in i t i t l  re laxat ion,  bu t  or ig ina ted  
main ly  f rom the  exc i ta t ion  of cer ta in  nerve  s t ruc tures .  

Zusammen/assung. Die Wi rkung  elektr ischer  Reizung 
einersei ts  vagal,  andererse i t s  t r ansmura l  auf  isolierte 
Muske lp rgpara te  v o m  Hi ihne rvo rmagen  wurde  un te r -  
sucht  und  gefunden,  dass  eine nach  Aufh6ren  der  Re izung  
beobach t e t e  N a c h k o n t r a k t i o n  n ich t  als (~rebound~ zu 
b e t r a c h t e n  ist, sondern  cholinergische Ziige zeigt. 
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Temperature Changes Following Microinjection of Histamine into the Thermcregulatory Centers of 
the Rat 

A wide va r i e ty  of chemical  compounds  has been 
repor ted  to modi fy  body  t e m p e r a t u r e  by  effect ing 
neurons  in the  h y p o t h a l a m i c  t he rmoregu la to ry  centers~. 
Several  of these  subs tances  are endogenous  amines  and 
have  been impl ica ted  as possible cent ra l  neuro t ransmi t t e r s .  
The major  cand ida tes  for such a role are acetylchol ine  l-a, 
norep inephr ine  1,4 and serotonin  1,4. 

H i s t amine  is general ly found t h roughou t  the  body  
s tored in connect ive  t issue mas t  cells. The amine  is con- 
cen t r a t ed  in the  h y p o t h a l a m u s  s where it is bound  in the  
nerve endings 6. This d i s t r ibu t ion  corresponds  to t h a t  of 
norep inephr ine  and serotonin  a l though  it has  not  been 
d e m o n s t r a t e d  t h a t  h i s t amine  is s imilar ly located wi th in  
the  synap tosomes .  

The present  s tudy  was unde r t aken  to de te rmine  the  
effect  of h i s t amine  on the  h y p o t h a l a m i c  the rmoregu la to ry  
centers .  

Methods. Male Sprague-Dawley  rats,  weighing 220- 
260 g, were used. E x p e r i m e n t s  were conduc ted  wi th  the  
an imals  in plast ic  res t ra in ing cages in a t e m p e r a t u r e -  
control led cab ine t  ma in t a ined  at  22 ~ 0.5~ Core 
t e m p e r a t u r e  was moni to red  by  a t he rmi s to r  probe  in- 
ser ted 6 cm into  the  rec tum.  

Guides for in t racerebra l  in jec t ion  cannulae  were im- 
p l an t ed  s tereotaxica l ly  under  pen toba rb i t a l  anesthesia .  
At  least  7 days  were allowed for recovery  f rom the  surgical  
procedures  before the  expe r imen t s  were begun.  The 
in ject ion sites were conf i rmed histological ly a t  the  end 
of each exper iment .  

H i s t amine  was dissolved in saline and  ad jus ted  to 
p H  6.0 6.5 wi th  N a O H  (0.1N). A volume of 1 txl was used 
for all in t racerebra l  inject ions.  The doses used, expressed 
as the  base, are given in the  tex t .  

Results. Microinject ion of h i s t amine  (1 ~xg) in to  the  
ros t ra l  h y p o t h a l a n m s  produced  an immed ia t e  fall in body  
t e m p e r a t u r e  which con t inued  for app rox ima te ly  20 min.  
Figure  1 i l lus t ra tes  the  re la t ionship  be tween  the  dose of 
h i s t amine  a n d  the  falt in b o d y  t empera tu re .  At  the  
h ighes t  dose employed  in this  s t u d y  (5 ag) the  mean  fall 
in core t e m p e r a t u r e  was 2.0 • 0.3 ~ (S.E.M.) in 4 animals.  
Threshold  effects were observed wi th  as l i t t le  as 0.5 p.g. 

The influence of the  an t ih i s tamin ic  agent ,  chlor- 
cyclazine, on the  cent ra l ly  induced h y p o t h e r m i c  effect  of 
h i s t amine  was examined  in 3 exFer iments .  Chlorcyclazine 
(5 mg/kg,  i.p.) was admin i s t e red  1 h prior  to  the  intra-  
cerebral  in ject ion of e i ther  2.5 or 5 ~zg of h i s tamine .  
H i s t amine  had  no effect  in animals  p r e t r ea t ed  wi th  the  
an t ih i s tamine .  1 week later, however ,  the  same animals,  
w i thou t  p r e t r ea t men t ,  r e sponded  to the  same dose of 
h i s t amine  wi th  a fall in body  t empera tu re .  Figure  2 illu- 
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Fig. 1. Mean fallin temperature following mieroinjection of different 
doses of histamine into the thermoregulatory centers of the rat. 
Vertical bars represent standard errors of the mean and numbers 
refer to total animals in each group. 

1 p. LOMAX, Int. Rev. Neurobiol. 12, in press (1969). 
2 W. E. KIRKPATRICK, P. LOMAX and D. J. JENDEN, Prec. West. 

Pharmac. Soc. 10, 51 {1967}. 
W. E. KIRKPATRICK, P. LOMAX and D. J. JENDEN, Prec. West. 
Pharmae. See. 12, 72 (1969). 

4 W. FELDBER(; and R. D. MYERS, J. Physiol. 173, 226 (1964). 
5 H. M. ADAM, in Regional Neurochemistry (Eds. S. KV:TY and J. 

ELKES; Pergamon Press, New York 1961), p. 293. 
'; I. A. MICHAELSON, Abst. IVth Int. Cong. Pharmac. 76 (1969). 


