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A comparison of variance estimates® between 7 control
and 9 isethionate experiments gives an F value=15.2
with p < 0.001. We have therefore quantified the effect
by comparing the percentage change in activity in sample
9 with that in sample 7 in both control and isethionate
experiments, using the non-parametric Mann-Whitney
test10 (in the isethionate experiments sample 7 immediate-
ly preceded the beginning of isethionate CSF perfusion).
The median increase in GABA efflux calculated in this
way was 27%, (p < 0.01). This can be compared with the
effect of superfusion of the cuneate nucleus for a 10-min
period with CSF with an elevated (40 mM) potassium
content (figure,C) which produces a mean increase in
GABA efflux of 309, 1L The possibility that the isethio-
nate-induced GABA efflux seen in the experiments re-
ported here could have been due to some discrepancy in
the potassium content of normal and isethionate CSF has
been discounted. Potassium contents were measured by
flame-emission spectrometry and found to be identical.

It is unlikely that the increase in GABA efflux is a specific
pharmacological effect of the isethionate molecule. A
similar effect has been observed in 2 preliminary ex-
periments using methylsulphate instead of isethionate as
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a substitute for chloride. It is therefore possible that any
impermeant substitute for chloride might have the same
effect. This brings into question the usefulness of imper-
meant anions as replacement for extracellular chloride in
electrophysiological studies in the central nervous system.
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Pancreatic polypeptide: A possible role in the regulation of food intake in the mouse.

Hypothesis
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Summary. Pancreatic polypeptide (PP) is a recently identified hormone produced by pancreatic endocrine cells. The
islets of genetically obese mice (ob/ob, C57 BL/6]), which are suspected to lack a circulating satiety factor, contain re-
latively few of the PP-producing cells. Administration of bovine pancreatic polypeptide (bPP) reduces food intake and
suppresses body weight gain in the hyperphagic obese mice. It is postulated that PP participates in the regulation of

food intake in a manner as yet undefined.

Pancreatic polypeptide (PP) is a new hormone, first
isolated from avian pancreas? and later identified in
several mammalian species, including man®%8. In the
pancreas, this hormone is stored in both insular and
extrainsular cells, which can be distinguished from insu-
lin-, glucagon-, and somatostatin-containing cells by im-
munohistochemical criteria?-11, In rats and mice, the PP-
containing cells are particularly numerous in the islets
located in the cephalic part of the pancreas, where they
rank second in number after insulin-containing cells!2.
Although exogenous PP affects several parameters of
hepatic and gastro-intestinal function?:1%1¢, its physio-
logical significance remains unknown. Because the plasma
concentration of PP increases after feeding15-18, we have
begun an investigation on the possible role of PP in the
regulation of food intake. The present part of the study
was performed in hereditarily obese mice, in. which hy-
perphagia is tentatively attributed to the lack of a cir-
culating satiety factor19.

Materials and methods. 18 obese (ob/ob) and 6 age-matched
lean (+4/+) mice of the C57 BL/6] strain were purchased
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Mice Treatment Change in b.wt  Food intake
(mg/day) (g/animal - day)
4{+ Nil + 36 4 12 (18) 3.09 4 0.06 (20)
objob Nil -+ 144 + 53 (6) '6.23 4 0.26 (7)
ob/ob Saline + 113 + 16 (18) 5.72 + 0.07 (20)
objob bPP (10 ug/kg day) — 6417 (6) 5.07 4 0.24 (6)
objob bPP (100 ug/kg day) — 192 4 78 (6) 5.03 4 0.12 (6)-

Mean values (- 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.

from the Jackson Laboratory (Bar Harbor, Maine) and,
when aged 3!/, months, housed in groups of 6 animals
each in cages with free access to tap water and a standard
pellet diet (A.04, UAR, Villemoisson s/Orge, France).
Bovine pancreatic polypeptide (bPP; lot 615-D65-295, a
generous gift of Dr R. E. Chance, Lilly Research Labora-
tory, Indianapolis, Indiana, USA) was solubilized in 0.3%,
(v/v) acetic acid and, from such a stock solution, appro-
priately diluted in saline immediately prior to injection
into the animals.

The obese mice were randomly distributed among 3
groups. The first group served as control, the animals
receiving 2 daily i.p. injections (at 09.00 h and 18.00 h)
of saline, throughout the experimental period. The obese
mice in the second group were injected, according to the
same schedule, with a low dose of bPP (2 x5 pg/kg b.wt
per day) administered from the onset of the experimental
period. In the third group, the obese mice remained un-
treated during the first 12 days and were then injected
with a higher dose of bPP (2 x50 ug/kg b. wt per day).
The body weight of each animal was measured between
08.00 and 09.00 h every second or third day. The total
amount of food consumed by the 6 mice present in each
case was measured over successive periods of 48 h each.
For the 2 groups of bPP-treated mice, only those results
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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 either 10
(fine arrows; middle panel) or 100 (thick arrows; lower panel)
wg/kg b. wt.
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recorded during the 12 first days of treatment are here
presented. Indeed, for reasons presently under investiga-
tion, the effect of bPP upon weight gain and food intake
tended to fade out after 2 weeks of treatment.

Results. Obese mice gained significantly more weight
than the lean mice (p < 0.01). Injection of saline slightly
reduced the daily weight gain of the obese mice. Over the
12 days of treatment considered, administration of bPP
invariably resulted in a significant reduction (p < 0.001)
in daily weight gain, this effect being more marked
(p < 0.05) at the high than low dose of the hormone
(table). Thus, at the low dose of bPP, all the animals,
instead of gaining weight, remained at their initial weight
throughout the period of treatment. At the high dose of
bPP, a reduction in body weight was noticed in every

- animal (figure).

Untreated obj/ob animals ingested twice as much food
(g/day per animal} as normal mice. Injection of saline
to the obese mice apparently resulted in a significant
(p < 0.025) reduction in food intake. When treated with
bPP, in either low or high dose, the animals ingested less
food than the saline-injected obese mice. The difference
between bPP-treated and saline-injected animals was
significant, whether judged from the data shown in the
table {p < 0.005 or less) or from comparison of data
collected in each group over the same period of time
(p = 0.05 at the low bPP dosis; p < 0.001 at the high
bPP regimen). Although the relative magnitude of the
bPP-induced changes in food intake appears rather mod-
est, comparison of the differences in both weight gain
and food intake between saline-injected and bPP-treated
mice indicated that each g reduction in daily food intake,
as provoked by bPP, resulted in a 0.3 + 0.1 g daily loss
in body weight, a value close to that expected from the
caloric value of the chow (ca. 2.9 cal/g).

Incidentally, because of the short half-life of exogenous
PP in body fluids, its effect upon food intake, as revealed
by the present data, may be the result of only an inter-
mittent inhibitory action in the mice having free access
to food throughout the experimental period.

Discussion. One of the obesity-diabetes syndromes in
C57 BL/6] mice of Bar Harbor is caused by the gene obese
(ob) located in chromosome 62°. This syndrome is charac-
terized by hyperphagia, obesity, hyperglycemia and
hyperinsulinemia. The exact role of hyperphagia in the
complex perturbations observed in this syndrome is as
yet unclear, but it is a constant phenomenon. At variance
with normal mice, ob/ob mice do not exhibit diurnal
variations of food intake but eat constantly a large
amount of food throughout day and night?l. Parabiosis
experiments carried out by Coleman® suggest that ob/ob
mice seem to possess a functioning satiety centre (sensi-
tive to a circulating factor produced by the lean mouse)
but they are apparently unable to produce sufficient
satiety factor to regulate their own food consumption.
In the course of studying relative changes in islet cell
populations in Bar Harbor mice, we were struck by the
fact that in the hyperplastic islets of obese animals, 2
islet cell types are particularly reduced in their relative
abundance, the somatostatin-containing and the PP-
containing cells?2, In our view, PP represents a better
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NN



15. 7. 1977

candidate than somatostatin as a satiety factor, since PP
is detected in the systemic circulation!s 1728 (whereas
such may not be the case for somatostatin) and since the
plasma concentration of PP indeed increases in response
to food intake15-18,

The present work reveals that exogenous PP, when
administered to the hyperphagic objob mice, reduces
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food intake and causes a dose-related decrease in body
weight gain. These results are compatible with the hy-
pothesis that PP participates in the regulation of food
intake. The demonstration that hyperphagia in obese
mice is indeed associated to decreased levels of circulating
pancreatic polypeptide awaits the availability of a method
of measurement of PP in murine plasma.

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

Analysis of dopamine receptors
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Summary. The effect of dopamine on snail (Helix pomatia) nervous tissue adenosine 3/, 5-monophosphate content was
examined. The results show support for the idea that the dopamine receptors in the snail nervous system involve
adenylate cyclase. It is suggested that these are the dopamine excitatory receptors rather than the inhibitory ones.

Considerable evidence has accumulated implicating dopa-
mine as a neurotransmitter in the snail brain. It is lo-
calized in a small proportion of neuron perikarya, their
axons and presumed presynaptic endings?-4, and all the
data from experiments on the release of dopamine from a
single neuron containing the amine?, the occurrence of
dopamine receptors on certain gastropod neurons®-?, the
presence of dopamine within synaptic-type vesicles® and
the demonstration of a high affinity uptake process for
-dopamine? tend to substantiate the hypothesis that the
amine is involved in some specific aspect of function in the
snail CNS. With regard to the nature of the dopamine re-
ceptor in the gastropods, a number of electrophysiological
studies have been carried out suggesting that at least 2,
and probably more, types of dopamine receptor exist in
their nervous tissues!?. Moreover, an adenylate cyclase,
which is activated by low concentrations of dopamine?,
has recently been demonstrated to occur in the gastropod
nervous system, and this, with other data? 13, suggests
that dopamine receptors of gastropod nervous tissues may
be identical with the dopamine-binding moiety of dopa-
mine-sensitive adenylate cyclase, and that the effects of
dopamine on the central nervous system may 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 4- 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 ({- SEM for 30 experiments).

phosphate (cyclic AMP) in the post-synaptic cells. Strong
evidence exists to support the opinion that cyclic AMP
mediates the effect of dopamine in the mammalian superi-
or cervical ganglion, retina and caudate nucleus* and
also in the thoracic ganglia of the cockroach!®. In view
of the impressive data supporting a transmitter role for
dopamine in the gastropod central nervous system, I
examined more closely the effects of dopamine on cyclic
AMP content with the aim of characterizing the receptors.
Material and methods. Active snails caught daily in the
surrounding woods of Gottingen were used. Adenylate
cyclase activity was measured in homogenates of tissue
according to the method of Kebabian et al.1® with some
modifications. The standard assay system (final volume
500 ul) contained (in mmoles/litre) : tris (hydroxymethyl)
aminomethane-maleate 90; ATP, 0.5; Mg SO, 2.0;
ascorbate, 0.5; theophylline, 5; EGTA, 0.2; plus test sub-
stances as indicated. The reaction was initiated by the ad-
dition of ATP. Incubation was for periods of 15 min in a
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