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par t ia l ly  restored the  r h y t h m  on the  nonhost  diets, pri- 
mar i ly  by  increasing feeding dur ing the  late photophase.  
Precocene I I  caused an a r rhy thmic  feeding pa t te rn( f igure ,  
C), w i thou t  reducing to ta l  feeding ac t iv i ty  (table), while 
s imul taneous  t r e a t m e n t  wi th  the  juvenoid  or J H  I I I  
largely restored the  normal  r h y t h m  (figure, D). Fur ther -  
more,  when J H - I I I - t r e a t m e n t  was discont inued af ter  the  
6th day,  the  r h y t h m  was essent ial ly e l iminated  be tween 
the  12th and the  30th day  (figure, C), indicat ing tha t  J H  
was no t  jus t  involved  in the  in i t ia t ion of the  rhy thm.  
Discussion. One mus t  consider the  possibi l i ty  t ha t  the  
feeding r h y t h m  m a y  be inf luenced by  the  oviposi t ion 
rhy thm,  as the period of max ima l  oviposi t ion coincides 
wi th  the  min imal  feeding period dur ing the  photophase  s 
Since J H  is also essential  for ovar ian  ma tu ra t ion  1~, J H  
deficiency migh t  induce photophase  feeding a r rhy thmic i t y  
indi rec t ly  by  e l iminat ing oviposi t ion behaviour .  However ,  
a p ronounced  r h y t h m i c i t y  was ev iden t  in males and in 
vi rgin  milkweed-fed females a l though they  oviposi ted a 
mean  of only 1.9 t imes dur ing the  30-day-period. AIso, 
as previous ly  observed s, cyclic feeding is in i t ia ted before 
oviposi t ion begins, indicat ing t h a t  the  2 cycles are not 
obl igator i ly  coupled. 
Apparen t ly ,  J H  does no t  act  as a p rox imal  s t imulus  for 
deve lopmen t  of the  rhy thm,  as juvenoid  t r e a t m e n t  of 
young  females did no t  cause its precocious appearance  
(unpublished data).  R h y t h m  deve lopmen t  is character-  
ized by  a reduct ion  in feeding ac t iv i ty  dur ing t imes o ther  
than  the  peak  evening hours  which change re la t ive ly  
l i t t le  13. This  suggests a cyclic inh ib i tory  influence is 
main ly  responsible for the  rhy thmic i ty .  This conclusion 
is in ag reement  wi th  the  marked  increase in feeding 
a c t i v i t y  dur ing the  af ternoon (7 and 11 h) induced by  

precocene I I  t r ea tmen t .  Ironical ly,  the  results of the  non- 
host  diet  t r ea tments ,  in themselves ,  suggest  jus t  the  oppo- 
site: T h a t  the  juvenoid  accentua ted  r h y t h m i c i t y  pr imar i ly  
by  s t imula t ing  peak  evening feeding (figure, A). However ,  
in view of the  to ta l  evidence,  the  following in te rpre ta t ion  
seems more l ikely:  The normal  level  of to ta l  feeding 
ac t i v i t y  observed in precocene I I - t r ea t ed  females (table) 
suggests t h a t  J H  is no t  involved  in the  s t imula to ry  effect 
of milkweed seeds on feeding act ivi ty .  Apparent ly ,  ju-  
venoids  can largely or comple te ly  subs t i tu te  for this  
specific seed effect  in females when on nonhost  diets, 
perhaps  by  some indirect  means,  such as s t imula t ion  of 
ovar ian  matura t ion .  Thus, the  more normal  feeding ac- 
t i v i t y  pa t t e rn  seen in juvenoid- t rea ted  females on non- 
host  diets appears  to be due bo th  to a general  s t imula to ry  
effect  on feeding and to the enhancemen t  of a cyclic in- 
h ib i tory  influence. 
I t  appears  t h a t  the  juvenoid  t r ea tmen t s  m a y  no t  have  
comple te ly  p reven ted  precocene I I  or d ie ta ry- induced  
r h y t h m  damping,  as in all 4 comparisons  the 7/15 h feeding 
ac t iv i ty  was lower than  for the  control  juvenoid- t rea ted  
females. This m a y  well be due to a failure to restore a 
comple te ly  normal  diurnal  J H  t i t re  f luctuat ion.  
Whi le  these exper iments  do no t  dist inguish be tween  a 
permissive vs. a regu la to ry  role for J H  in the  feeding 
r h y t h m  and do no t  exclude the  possibi l i ty  of an indi rec t  
mode of action, t h e y  do p rov ide  the  first encouraging 
evidence t h a t  J H  m a y  be an essential  componen t  of some 
repe t i t ive  insect behavioura l  rhy thms.  

12 A.S. Johansson, Nytt. Mag Zool. 7, 1 (1958). 
13 R.L. Calwell and M. A. Rankin, J. comp. Physiol. 88, 383 (1974). 
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Summary. In  unopera ted  fasted rats,  feeding raised the  serum gastr in concentra t ion,  reduced the  gastric mucosal  
h is tamine  conten t  and ac t iva ted  the  gastric hist idine decarboxylase.  The  reduct ion  of gastr ic h is tamine  and ac t iva t ion  
of his t idine decarboxylase  was induced also by  the  inject ion of pentagast r in .  In  an t rec tomized  rats, feeding failed to 
produce  these effects. In jec t ion  of pentagast r in ,  however ,  still  lowered gastric h i s tamine  and ac t iva ted  gastr ic hist idine 
decarboxylase .  Thus,  an t ra l  gastr in  seems to  be an obl iga tory  media tor  of the  pos tprandia l  ac t iva t ion  of hist idine 
decarboxylase  and mobi l iza t ion  of his tamine.  

H i s t amine  in the  ra t  s tomach  is p r edominan t ly  located 
in endocrine-l ike cells of the  oxynt ic  mucosa  ~-4. Ul t ra -  
s t ructura l ly ,  these cells comprise 2 types,  dis t inguishable  
f rom each other  by  the  morpho logy  of thei r  secretory 
granules 8,4. These cell popula t ions  seem to respond to 
gastr in  in the  following 2 ways :  1. Gastr in  mobilizes his- 
t amine  and ac t iva tes  synthesis  of the h is tamine-forming 
enzyme4,  5. 2. Gastr in  exerts  t rophic  control  of at  least 1 
of the  2 h is tamine-s tor ing  endocrine-l ike cell types  4. 
Feeding  af ter  a period of fast ing ac t iva tes  gastr ic his- 
t id ine  decarboxylase  and elicits a marked  bu t  short-  
last ing reduct ion  of the  gastr ic h is tamine  content6.  This 
reduc t ion  in h is tamine  con ten t  is t hough t  to ref lect  mobi-  
l izat ion of h i s tamine  6. I t  has been claimed t h a t  the  effects 
of feeding on the  h is tamine-s tor ing  cells are the  result  of 
direct  vaga l  exc i ta t ion  in conjunc t ion  wi th  the post-  
p randia l  increase in the  serum gastr in  concent ra t ion  6, ~. 

In  a series of studies, i t  has been demons t ra ted ,  however,  
t h a t  gastr in is the  major  in te rmedia te  in the  ac t iva t ion  
of his t idine decarboxylase,  and t h a t  the  contr ibut ion  of 
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the  vagi is ins ignif icant  4 ,s-n.  This  has been  es tab l i shed  
in expe r imen t s  using an t rec tomized  rats,  i.e. animals  in 
which  t h e  endogenous  gas t r in  s tores  have  been a lmos t  
comple te ly  removed .  In  the  p resen t  s tudy,  we show t h a t  
also the  p o s t p r a n d i a l  release of h i s t amine  f rom these  
cells requires  gas t r in  and t h a t  in the  absence  of an t ra l  
gas t r in  vagal  exc i t a t ion  induced  by  feeding is w i t h o u t  
effect.  
Methods .  Adul t  male  Sprague-Dawley  or Wis t a r  rats,  
weighing 150-200 g, were used. Radica l  a n t r e c t o m y  was 
pe r fo rmed  on 30 Wis t a r  ra t s  by  resect ion of the  dis ta l  
half  of the  g landular  s t omach  (the pyloric  gland area 
t oge the r  wi th  the  ad j acen t  por t ion  of the  oxynt ic  gland 
area) and  the  duodena l  bulb  it. Great  care was t a k e n  to  
e l iminate  the  ent i re  lesser curvature ,  including the  
l imi t ing r idge be tween  the  g landular  and nong landu la r  
mucosa  a t  t he  cardia.  The nervous  and  vascular  supp ly  
to the  remain ing  p a r t  of the  s t omach  was spared.  Gastro-  
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Fig. 1. Effect of feeding on serum gastrin concentration (upper panel), 
gastric mucosal histamine concentration (middle panel) and histidine 
decarboxylase activity (lower panel) in unoperated rats (O) and in 
antrectomized rats (O). The values are the mean of duplicate deter- 
minations on 4-40 animals. Vertical bars give SEM. Statistical 
significance for the difference between fasted rats and fed rats was 
assessed by Student's t-test and represented as * 0.01 < p < 0.05, 
�9 * 0.001 < p < 0.01 and *** p < 0.001. 

in tes t ina l  con t inu i t y  was rees tabl i shed  by  gas t ro -duo-  
d e n o s t o m y  end- to-end .  The ra ts  were allowed to recover  
for 2-4 weeks af ter  surgery  before being used in exper i -  
ments .  All ra t s  were fed a s t an d a rd  die t  of food pel le ts  
and  t a p  water .  Before the  exper iments ,  the  ra t s  were k e p t  
in ind iv idua l  cages wi th  wire mesh  b o t t o m s  and depr ived  
of food b u t  no t  wa te r  for 48 h. One group of ra t s  r emained  
fasted,  an o t h e r  group received food for 1 h, a 3rd group  
received p e n t a g a s t r i n  s.c. All animals  were killed by  
exsangu ina t ion  under  d ie thy l  e ther  anaesthesia .  Blood 
was d r a w n  from the  abdomina l  aorta.  Serum was lyophi-  
lized and  s to red  in the  deep  freeze ( -- 25 ~ unt i l  analysis .  
The concen t r a t ion  of gas t r in  in se rum was de t e rmined  
r ad io immunochemica l ly  TM. For  detai ls  of m e a s u r e m e n t  of 
gas t r in  in ra t  serum, see 5. The oxyn t i c  mucosa  was  
scraped off the  s t o mach  wall  and  homogenized  in ice-cold 
0.1 M p h o s p h a t e  buffer,  p H  6.9-7.0, to a final concen t ra -  
t ion of 100 mg (wet wt) per  ml. The h i s t amine  c o n t e n t  of 
these  ex t r ac t s  was measured  f luorometr ica l ly  TM and  the  
h is t id ine  decarboxylase  ac t iv i ty  was de t e rmined  radio-  
met r ica l ly  as descr ibed in detai l  elsewhere 18. 
Resul t s  and  discussion.  The results  of feeding following a 
per iod of fas t ing are summar ized  in figure 1. In  unoper -  
a ted  fas ted  rats,  feeding raised the  se rum gastr in  concen-  
t ra t ion ,  reduced  the  gastr ic  mucosal  h i s t amine  concen t ra -  
t ion and  ac t iva ted  the  h is t id ine  decarboxylase .  In  t he  
an t r ec tomized  rats ,  feeding did no t  elicit these  effects  
(figure 1). In  unope ra t ed  fas ted rats,  pen t agas t r i n  reduced  
gastr ic  h i s t amine  and  ac t iva ted  gastr ic  h is t id ine  decar-  

8 L.R. Johnson, R. S. Jones, D. Aures and R. HSkanson, Am. J. 
Physiol. 216, 1051 (1969). 
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Fig. 2. Effect of pentagastrin on gastric mucosal histidine decarbo- 
xylase activity (upper panel) and histamine concentration (lower 
panel) in unoperated rats (O) and in antrectomized rats (0). The 
values are the mean of duplicate determinations on 4-30 animals. 
Vertical bars give SEM. For statistical details see figure 1. 
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boxylase .  I n  t he  a n t r e c t o m i z e d  rats ,  t h e  basa l  h i s t a m i n e  
level  was  lower t h a n  ill t h e  con t ro l  r a t s  4, 14; however ,  t h e y  
st i l l  r e sponded  to p e n t a g a s t r i n  w i t h  r educ t i on  of t he  
h i s t a m i n e  level  and  a c t i v a t i o n  of h i s t id ine  deca rboxy lase  
(figure 2). 
The  role of t he  vag i  for t he  mob i l i za t ion  of mucosa l  h i s t a -  
m ine  a n d  a c t i v a t i o n  of h i s t id ine  deca rboxy lase  in t he  r a t  
s t o m a c h  has  been  a s ub j ec t  of some con t rover sy .  There  
h a v e  been  c la ims  t h a t  t h e  vagus  affects  t he  h i s t a m i n e -  
s to r ing  ceils d i rect ly ,  and  t h a t  e.g. t he  response  to  feeding 
is t he  c o n j u n c t i v e  r e su l t  of v a g a l  e x c i t a t i o n  and  increased  
s e rum gas t r in  c o n c e n t r a t i o n  e, 7. I n  p rev ious  pub l ica t ions ,  
we h a v e  a rgued  t h a t  t h e  vag i  do no t  c o n t r i b u t e  d i r ec t ly  
to t he  a c t i v a t i o n  of h i s t i d ine  deca rboxy la se  a f te r  feeding 

and  t h a t  t he  e n z y m e  a c t i v a t i o n  induced  b y  vaga l  exci ta-  
t ion  is indi rec t ,  be ing  t h e  resu l t  of gas t r in  release 4,10, 11 
I n  t he  p r e s e n t  s tudy ,  we show t h a t  in  a n t r e c t o m i z e d  r a t s  
feeding fails to  induce  lower ing  of gas t r ic  h i s t amine ,  
whereas  t he  h i s t amine - lower ing  c a p a c i t y  of p e n t a g a s t r i n  
is r e t a i n e d  also in t he  absence  of a n t r a l  gas t r in .  W e  h a v e  
p rev ious ly  s h o w n  t h a t  a n t r e c t o m y  does n o t  p r e v e n t  vaga l  
exc i t a t i on  f rom s t i m u l a t i n g  gas t r ic  acid secre t ion  1~. Thus ,  
n e i t h e r  v a g a l  e x c i t a t i o n  no r  a n y  o the r  physio logica l  
m e c h a n i s m  induced  b y  t he  process  of feeding is able  to  
mobi l ize  gas t r ic  h i s t a m i n e  in t he  absence  of a n t r a l  gas t r in .  

14 R. Hh&anson and G. Liedberg, Am. J. Physiol. 221,641 (1971). 
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Summary. Low doses of i soproterenol ,  g iven  p e r m a n e n t l y  b y  a new a p p l i c a t i o n - m e t h o d ,  show the  same  effects on  
s a l i va ry -g l and  e n l a r g e m e n t  of r a t s  t h r o u g h o u t  approx .  6 days  t h a n  10fold h igher  c o n c e n t r a t i o n s  g iven  b y  p rev ious  
workers  as single da i ly  in jec t ions .  

Since i t  is c o m m o n  knowledge ,  t h a t  large doses of iso- 
p r o t e r e n o l  (IS) l ead  to  a cons iderab le  e n l a r g e m e n t  of t h e  
s a l i va ry -g l ands  of r a t s  2, we used th i s  well k n o w n  reac t ion  
as a t e s t  to p rove  t he  ef fec t iveness  of a new k ind  of 
p e r m a n e n t  app l i ca t i on  of IS.  
Material and methods. A n u m b e r  of male  and  female  
W i s t a r  r a t s  of approx .  250 g were d iv ided  in to  3 groups.  
The  an ima l s  were l apa ra tomized ,  and  p las t ic  capsules  
(Brand ,  Cat . -Nr .  780500) w i t h  a vo lume  of 2 ml  filled 
w i t h  IS - so lu t ions  or w i t h  so lven t  (Aq. dest .  w i t h  a d rop  
of 0.1 N HC1) a n d  sealed w i t h  a dia lysis  m e m b r a n e  (Union  
Carbide)  were p u t  in to  t he  a b d o m i n a l  cav i ty .  Af te r  t he  
w o u n d s  h a v e  been  closed, t he  an i m a l s  were p u t  b a c k  in to  
t h e i r  cages. 
The  f i rs t  g roup  received capsules  c o n t a i n i n g  a n  IS-  
so lu t ion  of 4 mg/ml ,  t h e  second capsules  w i t h  a 1 m g / m l  
so lu t ion  a n d  t h e  con t ro l  g roup  capsules  t h a t  were filled 
w i t h  so lven t  only.  
The  n u m b e r  of an im a l s  s h o w n  in the  f igures were kil led 
on  9 consecu t ive  days  a t  12 h, t he  r i g h t  p a r o t i d  and  

s u b m a x i l l a r y  g land  a n d  t h e  capsules  were r emoved .  T h e  
g lands  were weighed,  cu t  a n d  s t a ined  (H.E.)  for h i s to -  
logical e x a m i n a t i o n  a n d  t he  r e m a i n i n g  I S - c o n c e n t r a t i o n  
in t he  depo t -capsu les  was d e t e r m i n e d  us ing  a s l ight ly  
modi f i ca t ion  of t he  V u l p i a n - m e t h o d  3. Of t he  col lected 
da ta ,  ~ and  SEM va lues  were e s t i m a t e d  a n d  a capsule-  
o u t p u t  d i a g r a m  was p l o t t e d  b y  a Un ivac -494  Compute r ,  
b y  cou r t e sy  of t he  R e c h e n z e n t r u m  Graz.  
Results. Concern ing  t he  8-rag-capsules i t  could  be said 
t h a t ,  t h o u g h  t he  o u t p u t  r a t e s  of t he  f i rs t  2 days,  as c an  
be seen in f igure 1, g r ea t ly  exceed those  of t he  fol lowing 
days,  a m e a s u r a b l e  flow ra te ,  t h a t  can  sti l l  be  cons idered  
effectful,  is m a i n t a i n e d  up  to t he  6 th  day,  while  t h e  
o u t p u t  of t he  2-mg-capsules  is n a t u r a l l y  smal le r  b u t  also 
m e a s u r a b l e  up  to  16 h (figure 1). 
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Fig. 1. Capsule output in mg. --, 8 mg ISO/capsule; - - - ,  2 Ing ISO[ 
capsule. Plotted by an UNIVAC 494 Computer. 
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Fig. 2. Salivary gland weight, given in percent of total animal weight 
at killing time. - - - ,  Controls; --,  2-rag-capsules; - . - . - ,  8-rag- 
capsules. 


