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A compar i son  of va r i ance  e s t ima tes  10 be tween  7 cont ro l  
a n d  9 i s e th iona t e  e x p e r i m e n t s  gives an  F v a l u e = 1 5 . 2  
w i t h  p < 0.001. W e  h a v e  the re fore  quan t i f i ed  t he  effect  
b y  c o m p a r i n g  t he  p e r c e n t a g e  change  in a c t i v i t y  in sample  
9 w i t h  t h a t  in  sample  7 in  b o t h  con t ro l  and  i s e th iona t e  
expe r imen t s ,  us ing  t he  n o n - p a r a m e t r i c  M a n n - W h i t n e y  
t e s t  10 (in t he  i s e th iona t e  e x p e r i m e n t s  sample  7 i m m e d i a t e -  
ly preceded  t he  beg inn ing  of i s e t h i ona t e  C S F  perfusion) .  
The  m e d i a n  increase  in G A B A  eff lux ca lcu la ted  in th i s  
way  was 27% (p < 0.01). Th i s  can  be  compared  w i t h  the  
effect  of super fus ion  of t he  c u n e a t e  nuc leus  for  a 10-min 
per iod  w i t h  C S F  w i t h  an  e l eva ted  (40 mM) p o t a s s i u m  
c o n t e n t  (figure,C) w h i c h  p roduces  a m e a n  increase  in 
G A B A  eff lux of 30% 11. The  poss ib i l i ty  t h a t  t he  isethio-  
n a t e - i n d u c e d  G A B A  eff lux seen in t he  e x p e r i m e n t s  re- 
p o r t e d  here  could h a v e  been  due to s o m e  d i sc r epancy  in 
t he  p o t a s s i u m  c o n t e n t  of n o r m a l  a n d  i s e th iona t e  C S F  has  
been  d iscounted .  P o t a s s i u m  c o n t e n t s  were m e a s u r e d  b y  
f lame-emiss ion  s p e c t r o m e t r y  and  found  to be ident ical .  
I t  is un l ike ly  t h a t  the  increase  in G A B A  eff lux is a specific 
p h a r m a c o l o g i c a l  effect  of the  i s e t h i ona t e  molecule.  A 
s imi lar  effect  ha s  been  obse rved  in 2 p r e l i m i n a r y  ex- 
p e r i m e n t s  us ing  m e t h y l s u l p h a t e  i n s t ead  of i s e th iona t e  as 

a s u b s t i t u t e  for chloride.  I t  is the re fore  possible  t h a t  a n y  
i m p e r m e a n t  s u b s t i t u t e  for chlor ide  m i g h t  h a v e  the  same 
effect. This  b r ings  in to  ques t ion  t he  usefulness  of imper -  
m e a n t  an ions  as r e p l a c e m e n t  for ex t race l lu la r  chlor ide  in 
e lec t rophysio logica l  s tud ies  in the  cen t r a l  ne rvous  sys tem.  
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Pancreatic  polypeptide: A possible  role in the regulat ion of food intake in the m o u s e .  
Hypothes is  
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Summary .  P a n c r e a t i c  po lypep t ide  (PP) is a r ecen t l y  ident i f ied  h o r m o n e  p roduced  b y  panc rea t i c  endocr ine  ceils. The  
islets of gene t ica l ly  obese mice (ob/ob,  C57 B L / 6J ) ,  wh ich  are suspec ted  to lack a c i rcu la t ing  s a t i e t y  factor ,  con t a in  re- 
l a t ive ly  few of t he  P P - p r o d u c i n g  cells. A d m i n i s t r a t i o n  of b o v i n e  p a n c r e a t i c  po lypep t i de  (bPP)  reduces  food i n t a k e  and  
suppresses  b o d y  w e i g h t  gain in t he  h y p e r p h a g i c  obese mice.  I t  is p o s t u l a t e d  t h a t  P P  pa r t i c i pa t e s  in the  r egu la t ion  of 
food i n t a k e  in a m a n n e r  as ye t  undef ined .  

P a n c r e a t i c  po lypep t i de  (PP) is a new hormone ,  f i rs t  
i sola ted f rom a v i a n  p a n c r e a s  4 a n d  la te r  ident i f ied  in 
severa l  m a m m a l i a n  species, inc lud ing  m a n  h, ~. I n  the  
pancreas ,  t h i s  h o r m o n e  is s to red  i n  b o t h  insu la r  and  
e x t r a i n s u l a r  cells, wh ich  can  be d i s t ingu i shed  f rom insu-  
lin-, glucagon-,  and  s o m a t o s t a t i n - c o n t a i n i n g  cells b y  im- 
m u n o h i s t o c h e m i c a l  c r i t e r ia  7-11. I n  r a t s  and  mice, t h e  P P -  
c o n t a i n i n g  ceils are p a r t i c u l a r l y  n u m e r o u s  in t h e  islets 
loca ted  in t he  cephal ic  p a r t  of t he  pancreas ,  where  t h e y  
r a n k  second in n u m b e r  a f t e r  i n su l in - con ta in ing  cells 1~. 
A l t h o u g h  exogenous  P P  affects  severa l  p a r a m e t e r s  of 
hepa t i c  and  gas t ro•  func t i on  s,13,1~, i ts  phys io-  
logical s ignif icance r em a i ns  u n k n o w n .  Because  t he  p l a s m a  
c o n c e n t r a t i o n  of P P  increases  a f t e r  feedinglh- ls ,  we h a v e  
begun  an  i nves t i ga t i on  on the  possible  role of P P  in the  
r egu la t ion  of food in take .  The  p r e s en t  p a r t  of t he  s t u d y  
was pe r fo rmed  in he r ed i t a r i l y  obese mice, i n  wh ich  hy-  
p e r p h a g i a  is t e n t a t i v e l y  a t t r i b u t e d  to  t he  lack of a cir- 
cu l a t i ng  s a t i e t y  f ac to r  19. 
Materials and methods. 18 obese (ob/ob) and  6 a g e - m a t c h e d  
lean ( + / + )  mice  of t h e  C57 B L / 6 J  s t r a in  were pu rchased  
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Mice Treatment Change in b.wt Food intake 
(mg/day) (g/aninlal �9 day) 

+[q- Nil q- 36 • 12 (18) 3.09 • 0.06 (20) 
ob/ob Nil q- 144 • 53 (6) 6.23 • 0.26 (7) 
ob/ob Saline § 113 • 16 (18) 5.72 :L 0.07 (20) 
ob/ob bPP (10 [zg/kg day) -- 6 q- 17 (6) 5.07 4- 0.24 (6) 
ob/ob bPP (100[zg/kg day) -- 192 -E 78 (6) 5.03 • 0.12 (6) 

Mean values (-I- SEM) for the change in body weight and for food 
intake are indicated together with the number of individual ob- 
servations. Each individual value for weight gain refers to a single 
mouse examined over 1 (lines 2, 4, 5) or 3 (lines 1 and 3) periods of 
12 to 13 days each. Each individual value for food intake refers to 
a group of 6 mice examined over successive periods of 2 days each. 

f rom the  Jackson  L a b o r a t o r y  (Bar Harbor ,  Maine) and, 
when  aged 31/9 months ,  housed in groups  of 6 animals  
each in cages wi th  free access to t ap  wa te r  and  a s t an d a rd  
pellet  d ie t  (A.04, UAR,  Vil lemoisson s/Orge, France) .  
Bovine pancrea t ic  po lypep t ide  (bPP;  lot  615-D65-295, a 
generous gif t of Dr  R. E.  Chance,  Lilly Research  Labora-  
tory ,  Indianapol is ,  Ind iana ,  USA) was solubilized in 0.3% 
(v/v) acetic acid and, f rom such a s tock solution, appro-  
p r ia te ly  d i lu ted  in saline immed ia t e ly  prior  to in ject ion 
into the  animals.  
The obese mice were r a n d o m l y  d i s t r ibu ted  among  3 
groups.  The first  group served as control ,  the  animals  
receiving 2 dai ly  i .p. in ject ions  (at 09.00 h and  18.00 h) 
of saline, t h r o u g h o u t  the  exper imenta l  period.  The obese 
mice in the  second group were injected,  according to the  
same schedule,  w i th  a low dose of b P P  (2 • 5 fzg/kg b .wt  
per  day) admin is te red  f rom the  onse t  of the  expe r imen ta l  
period.  In  the  th i rd  group, the  obese mice remained  un- 
t r ea ted  dur ing  the  first  i2 days  and were then  in jec ted  
With a h igher  dose of b P P  (2 • 50 izg/kg b. wt  per  day).  
The body  weight  of each animal  was measured  be tween  
08.00 and  09.00 h every  second or th i rd  day. The to ta l  
a m o u n t  of food consumed  by  the  6 mice p resen t  in each 
case was measured  over  successive per iods  of 48 h each. 
For  the  2 groups of b P P - t r e a t e d  mice, only  those resul ts  
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Mean values for b. wt in ob/ob mice (n = 6 in each case) injected 
i.p. with saline (top panel), or with bPP at a daily dose of Mther 10 
(fine arrows; middle panel) or 100 (thick arrows; lower panel) 
[~g/kg b. wt. 

recorded dur ing the  12 f irs t  days  of t r e a t m e n t  are here 
presented .  Indeed,  for reasons p resen t ly  under  invest iga-  
tion, t he  effect  of b P P  upon  weight  gain and  food in take  
t ended  to fade out  af ter  2 weeks of t r e a tmen t .  
Results. Obese mice gained s ignif icant ly  more  weigh t  
t h a n  the  lean mice (p < 0.01). In jec t ion  of saline s l ight ly 
reduced  the  dai ly weight  gain of the  obese mice. Over t he  
12 days  of t r e a t m e n t  considered,  admin i s t r a t ion  of b P P  
invar iab ly  resul ted  in a s ignif icant  reduct ion  (p < 0.001) 
in dai ly weight  gain, th is  effect  being more  marked  
(p < 0.05) a t  the  high t h a n  low dose of the hormone  
(table). Thus,  a t  the  low dose of b P P ,  all the  animals,  
ins tead  of gaining weight ,  r emained  at  the i r  initial weigh t  
t h r o u g h o u t  the  per iod of t r e a t m e n t .  At  t he  high dose of 
b P P ,  a reduct ion  in b o d y  we igh t  was not iced  in every  
animal  (figure). 
U n t r e a t e d  ob/ob animals  ingested twice as much  food 
(g/day per  animal) as normal  mice. In jec t ion  of saline 
to  the  obese mice a p p a r e n t l y  resul ted in a s ignif icant  
(p < 0.025) reduct ion  in food intake.  W h e n  t r ea ted  wi th  
b P P ,  in e i ther  low or h igh dose, the  animals  ingested less 
food t h a n  the  sa l ine- injected obese mice. The difference 
be tween  b P P - t r e a t e d  and  sal ine- injected animals was 
signif icant ,  whe the r  judged  f rom the  d a t a  shown in the  
table  (p < 0.005 or less) or f rom compar i son  of d a t a  
collected in each group over  the  same period of t ime 
(p = 0.05 at  the  low b P P  dos• p < 0.001 at  the  high 
b P P  regimen).  Al though  the  re la t ive magn i tude  of the  
b P P - i n d u c e d  changes in food in take  appears  ra ther  mod-  
est, compar ison  of the  differences in b o t h  weight  gain 
and  food in take  be tween  sal ine- injected and  b P P - t r e a t e d  
mice ind ica ted  t h a t  each g reduc t ion  in dai ly  food intake,  
as p r o v o k e d  by  b P P ,  resul ted  in a 0.3 • 0.1 g daffy loss 
in b o d y  weight ,  a value close to t h a t  expec ted  f rom the  
caloric value of the  chow (ca. 2.9 cal/g). 
Inc identa l ly ,  because of the  shor t  half-life of exogenous 
P P  in b o d y  fluids, its effect  upon  food intake,  as revealed 
by  the  p resen t  data ,  m a y  be the  result  of only  an inter-  
m i t t e n t  inh ib i to ry  act ion in the  mice hav ing  free access 
to food t h r o u g h o u t  the  expe r imen ta l  period.  
Discussion. One of the  obes i ty -d iabe tes  syndromes  in 
C57 BL/6J  mice of Bar  H a rb o r  is caused by  the  gene obese 
(ob) located in chromosome 690. This s y n d ro me  is charac-  
ter ized by  hyperphagia ,  obesi ty ,  hyperg lycemia  and  
hyper insu] inemia .  The exac t  role of hype rphag ia  in the  
complex  pe r tu rba t ions  observed  in this  syndrome  is as 
ye t  unclear,  bu t  it  is a co n s t an t  phenomenon .  At  var iance  
wi th  normal  mice, ob/ob mice do no t  exhib i t  d iurnal  
var ia t ions  of food in take bu t  ea t  cons t an t ly  a large 
a m o u n t  of food t h r o u g h o u t  day  and n igh t  ~1. Parabiosis  
expe r imen t s  carr ied out  by  Coleman 19 suggest  t h a t  ob/ob 
mice seem to possess a func t ion ing  sa t i e ty  centre  (sensi- 
t ive  to  a c i rculat ing factor  p roduced  by  the  lean mouse) 
bu t  t hey  are a p p a r e n t l y  Unable to p roduce  sufficient 
sa t i e ty  factor  to regulate  the i r  own food consumpt ion .  
In  the  course of s tudy ing  re la t ive changes  in islet cell 
popula t ions  in Bar  H a rb o r  mice, we were s t ruck  by  the  
fact  t h a t  in the  hyperp las t i c  islets of obese animals,  2 
islet cell types  are par t icu lar ly  reduced in their  relat ive 
abundance ,  the  soma tos t a t i n -con ta in ing  and the P P -  
conta in ing  cells 99. In  our view, P P  represents  a be t t e r  
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cand ida te  t h a n  soma tos t a t i n  as a sa t i e ty  factor,  since P P  
is de t ec t ed  in the  sys temic  circulation15,17, ~s (whereas 
such m a y  no t  be the  case for somatos ta t in )  and since the  
p lasma  concen t ra t ion  of P P  indeed  increases in response 
to food intake15-~9. 
The p re sen t  work  reveals  t h a t  exogenous  PP ,  when  
admin i s t e red  to the  hype rphag ic  ob /ob  mice, reduces 

food in take and  causes a dose-re la ted  decrease in body  
weight  gain. These resul ts  are compat ib le  wi th  the  hy-  
pothes is  t h a t  P P  par t i c ipa tes  in the  regula t ion of food 
intake.  The d e m o n s t r a t i o n  t h a t  hype rphag i a  in obese 
mice is indeed associated to  decreased levels of c irculat ing 
pancrea t ic  po lypep t ide  awaits  the  avai labi l i ty  of a me t hod  
of m e a s u r e m e n t  of P P  in mur ine  plasma.  

Adenosine 3',5'-monophosphate in snail (Helix pomatia) nervous system: 
Analysis of dopamine receptors 

N. N. Osborne  1 

Max-Planck-lnst i tut  /i2r Experimentelle Medizin, Forschungsstelle Neurochemie, D-3400 Gdttingen 
(Federal Republic o/ Germany, BRD),  24 September 7976 

Summary. The effect  of dopamine  on snail  (Helix pomat ia)  ne rvous  t issue adenosine  3', 5 ' -monophospha te  co n t en t  was 
examined .  The resul ts  show suppor t  for the  idea t h a t  the  dopamine  receptors  in the  snai l  nervous  sys tem involve 
adeny la t e  cyclase. I t  is suggested t h a t  these  are the  dopamine  exc i t a to ry  receptors  r a the r  t h a n  the  inh ib i to ry  ones. 

Considerable  evidence has accumula ted  impl ica t ing  dopa-  
mine  as a n e u r o t r a n s m i t t e r  in the  snail  brain.  I t  is lo- 
calized in a small  p ropor t ion  of neuron  per ikarya ,  the i r  
axons  and  p resumed  p re synap t i c  endings2-4, and all the  
da t a  f rom expe r imen t s  on the  release of dopamine  f rom a 
single neuron  conta in ing  the  amine  5, the  occurrence of 
d o p a m i n e  receptors  on cer ta in  gas t ropod  neurons  5-7, the  
presence  of dopamine  wi th in  synap t i c - t ype  vesicles 8 and 
the  demons t r a t i on  of a h igh  af f in i ty  up take  process  for 
d o p a m i n e  9 t end  to  s u b s t a n t i a t e  the  hypo thes i s  t h a t  the  
amine  is involved in some specific aspec t  of func t ion  in the  
snail  CNS. W i t h  regard to t he  na tu re  of the  dopamine  re- 
cep tor  in the  gas t ropods ,  a n u m b e r  of e lectrophysiological  
s tudies  have  been  carr ied out  suggest ing t h a t  a t  least  2, 
and  p robab ly  more,  t ypes  of dopamine  receptor  exis t  in 
the i r  nervous  t issues ~~ Moreover,  an adeny la te  cyclase, 
which  is ac t iva ted  by  low concen t ra t ions  of dopamine  ~, 
has  recent ly  been d e m o n s t r a t e d  to occur in the  gas t ropod  
nervous  sys tem,  and  this,  wi th  o the r  da t a  lz,13, suggests  
t h a t  dopamine  receptors  of gas t ropod  nervous  t issues m a y  
be ident ical  wi th  the  dopamine -b ind ing  moie ty  of dopa-  
mine-sens i t ive  adeny la te  cyclase, and  t h a t  the  effects of 
dopam ine  on the  cent ra l  ne rvous  sy s t em m a y  be due to  
dopamine - induced  increases in adenosine  3', 5 ' -mono-  
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Increase in cyclic AMP in homogenates of snail central ganglia as a 
function of the concentration of dopamine and apomorphine. The 
data represent the mean ! SEM for 30 replicate samples in the case 
of dopamine, and 20 replicate samples in the instance of apomorphine. 
In the absence of added agonist, the cyclic AMP content was 2.78 -4- 
0.33 pmoles/mg wet weight of tissue' (4- SEM for 30 experiments). 

p h o s p h a t e  (cyclic AMP) in the  pos t - synap t i c  cells. St rong 
evidence exis ts  to suppor t  the  opinion t h a t  cyclic AMP 
media tes  the  effect  of dopamine  in the  m a m m a l i a n  superi- 
or cervical  ganglion,  re t ina  and cauda te  nucleus 14 and 
also in the  thoracic  ganglia of the  cockroach 16. In  view 
of the  impress ive da ta  suppor t ing  a t r a n s m i t t e r  role for 
dopamine  in t he  gas t ropod  cent ra l  nervous  sys tem,  I 
examined  more  closely the  effects of dopamine  on cyclic 
AMP con ten t  wi th  the  aim of charac ter iz ing  the  receptors .  
Material and methods. Active  snails caugh t  dai ly  in the  
sur rounding  woods of G6t t ingen were used. Adeny la t e  
cyclase ac t iv i ty  was measured  in homogena te s  of t issue 
according to the  me t h o d  of K e b a b i a n  et  al. 16 wi th  some 
modif icat ions.  The s t an d a rd  assay sys t em (final volume 
500 ~xl) con ta ined  (in mmoles/ l i t re)  : t r is  (hydroxymethyl )  
a m i n o m e t h a n e - m a l e a t e  90; ATP,  0.5; Mg SO4, 2.0; 
ascorbate ,  0.5 ; theophyl l ine ,  5 ; EGTA,  0.2 ; plus t e s t  sub- 
s tances  as indicated.  The react ion was in i t ia ted  by  the  ad- 
d i t ion  of ATP.  Incuba t ion  was for per iods  of 15 min  in a 
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