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LEVINE. A. S. AND J. E. MORLEY. Peripherally administered somatostatin reduces feeding by a vagal mediated 
mechanism. PHARMAC. BIOCHEM. BEHAV. 16(6) 897-902, 1982.--Somatostatin (SS) is considered to be an important 
regulator of nutrient homeostasis. As such, we felt it would be of use to study in detail its effects on feeding, intraperitoneal 
administration of SS (10 p.g/kg) reduces spontaneous nocturnal feeding (3.6~0.6 g/2 hr vs 1.6_+0.5 g/2 hr, p<0.025). In a 
separate study we found that SS also reduced spontaneous feeding in sham operated animals, but not in vagotomized 
animals (I .2*__0.7 g/2 hr vs 3.8_+0.3 g/2 hr, p<0.05). SS inhibited stress (tail-pinch) induced eating at 10 and 1, but not 0.1 
p.g/kg and also inhibited insulin (10 U/kg) induced feeding over a 3 hour period at the 10/zg/kg dose. SS failed to inhibit 
feeding induced by either the intracerebroventricular administration of norepinephrine, the GABA agonist muscimol, or the 
endogenous opioid, dynorphin. SS (10 tzg/kg) failed to suppress water intake or ingestion of a 2% sucrose solution 
suggesting that somatostatin does not suppress feeding by a generalized disruption of behavior or due to the aversiveness of 
SS. However, food intake also was not suppressed following food deprivation, suggesting a possible aversive effect of SS. 
We conclude that somatostatin may play a role as one of the physiological signals involved in short-term appetite regula- 
tion. Like CCK, the effects of SS would appear to be mediated through the vagus. 

Somatostatin Feeding Vagal mediated Satiety factors 

THE tetradecapeptide somatostatin (SS), which was origi- 
nally isolated from sheep and pig hypothalamic tissue [6,36], 
possesses a wide variety of activities, most of which are 
suppressive 13]. Included in these inhibitory activities are 
endocrine and exocrine functions of the gastrointestinal 
tract. SS inhibits (I) basal acid 114, 33, 38, 39], pepsin and 
intrinsic factor output in humans [38]; (2) release of insulin 
[2], glucagon [10l, pancreozymin [37], gastric inhibitory 
polypeptide [8], motilin [42], enteroglucagon [35], and secre- 
tin [9]; and (3) absorption of glucose [11], xylose 1441, galac- 
tose [34], lactose [34], triglycerides [40] and amino acids [13]. 
As SS is released following ingestion of food [3] and as SS 
has suppressive actions on gastrointestinal function, it ap- 
pears that this gut hormone may play a role in feeding behav- 
iors. Vijayan and McCann 143] demonstrated that intracere- 
broventricular administration of 3 nmoles of SS suppressed 
both water and food ingestion in rats. More recently, Lotter 
et al. [21] have reported that intraperitoneal administration 
of SS decreases food intake in rats and baboons, apparently 
by acting selectively on food intake rather than by inducing 
nausea or illness. 

We have previously proposed an integrated hypothesis to 

explain the monoaminergic-peptidergic regulation of appetite 
[23]. It was suggested that food intake was initiated by a 
tonic signal produced by a dopamine-enkephalinergic mech- 
anism in the area of the lateral hypothalamus and that this 
signal is governed by inhibitory inputs from the medial hypo- 
thalamic area, including a serotonergic-cholecystokinin 
(CCK) and a noradrenergic-thyrotropin releasing hormone 
(TRH) system. The current study was undertaken to evalu- 
ate the ability of SS to suppress food intake induced by vari- 
ous pharmacological agents and procedures in order to gain a 
better understanding of SS's role in the complex monoamin- 
ergic-peptidergic regulation of appetite. 

GENERAL METHOD 

Anhnals and Chemicals 

Male Sprague-Dawley rats (250-300 g), kept under stand- 
ard lighting conditions (12 hr/day artifici',d light, 6 a.m. to 6 
p.m.) and given free access to Purina rat chow and water 
were used in all experiments. In the rats receiving intraven- 
tricular peptides or saline, stainless steel guide tubes were 
stereotactically implanted into the lateral ventricle under 

'Send reprint requests to Allen S. Levine, Ph.D., Neuroendocrine Laboratory (IIIP), VA Medical Center, 54th Street and 48th Avenue 
South, Minneapolis, MN 55417. 
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nembutal anesthesia at least 5 days prior to the commence- 
ment of the experiments. Drugs and peptides were adminis- 
tered in a 5 #1 volume of saline when given intraventricular- 
ly, or in a 0.5 cc volume of saline subcutaneously. 

All substances were purchased commercially: Insulin 
(Iletin U-100, Eli Lilly and Co.), muscimol, norepinephrine and 
dynorphin (Sigma Chemical Co., St. Louis, Missouri), and 
somatostatin 114] (donation from Ayerst Pharmaceuticals). 

Statisti¢'s 

All results are expressed as mean ± SEM. Results were 
compared by one-way analysis of variance followed by a 
two-tailed unpaired Student 's t-test. 

E X P E R I M E N T  I 

The purpose of this study was to study the effect of SS on 
spontaneous feeding in rats and to evaluate whether SS af- 
fects food intake via the vagus nerve. 

M e t h o d  

The effect of intraperitoneal administration of SS on food 
intake was measured following a two hour period during 
which time rats normally ingest food (2000-2200 hr). SS was 
administered 5 min prior to the start of the feeding trial. 
Approximately 7-10 g of Purina rat chow was placed into the 
home cage of each animal with animals having free access to 
water. Following the two hour period the remaining food, 
including spillage, was measured. 

For vagotomy, rats (n=8) were anesthetized with nem- 
butal, a midline incision was made, and vagal trunks were 
visualized. Bilateral vagotomy was performed according to 
the method of Smith et al. [41]. Briefly, each vagal trunk was 
ligated and transected between two sutures. The gastric 
branches were transected in a similar manner. All vagoto- 
mies were verified anatomically (with the assistance of a 5 × 
hand lens) after testing was completed. Shams were pre- 
pared (n=7) using the above procedure except for transec- 
tion of the vagus. Animals were allowed to recover at least 7 
days before being used in the study. The effect of SS on 
spontaneous eating in the vagotomized rats and the sham 
controls were then conducted as described above. 

Result.s and  Discuss ion  

Spontaneous feeding from 2000-2200 hr was suppressed 
by intraperitoneal administration of SS (Fig. 1A). Lotter et 
al. [21] have previously shown that SS administered prior to 
a meal reduces food intake in rats and baboons. Thus SS 
suppresses feeding in animals acclimated to a meal feeding 
regimen and in rats ingesting food during the normal noctur- 
nal feeding phase. Whereas Lotter et al. [21] reported that 10 
ng/kg SS suppressed food intake during meal eating, we 
found that 1 /xg/kg SS was not sufficient to suppress food 
intake in spontaneously feeding rats. This discrepancy in 
dosage may be due to the different sources of SS or to the 
strength of stimuli used to induce feeding. 

Food intake was also measured in vagotomized animals 
during the nocturnal feeding period. SS (10/xg/kg) markedly 
suppressed spontaneous feeding in the sham animals, how- 
ever, did not alter food intake in the vagotomized rats (Fig. 
1B). This suggests that peripherally administered SS reduces 
food intake via gastric vagal fibers. Recently, Smith et al. 
[411 reported that peripherally administered CCK-8 acts in 
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FIG. 1. Effect of somatostatin on spontaneous feeding (2000-2200 
hr). IA) Normal rats not receiving surgery. (B) Vagotomized rats and 
their sham controls (*p'~0.025, *p<0.05). 

the abdomen through gastric vagal fibers and not directly on 
the brain to produce satiety in the rat. The similar action of 
CCK-8 and SS may be due to CCK-induced increase in SS 
secretion [12] (although SS itself depresses pancreozymin 
release [37]). 

EXPERIMENT 2 

Mildly pinching the tail of rats reliably induces a syn- 
drome of gnawing, eating and licking in the presence of food. 
This model of stress induced oral behavior is believed to be 
dopamine dependent [2] and to involve activation of the en- 
dogenous opiates [22,24]. The purpose of this study was to 
evaluate the effect of SS on tail-pinch induced feeding. 

M e t h o d  

We used the tail-pinch method as previously described by 
us [ 16]. Briefly, behavioral testing was carried out in an un- 
familiar plastic box containing 2 pellets of Purina rat chow 
(6-10 g). Tail-pinch behavior was induced by squeezing the 
rat's tail with a plastic towel clamp (Mac Bick, Murray Hill, 
N J). Pressure was increased until the animal began to chew, 
at which stage pressure was maintained constant for a 2 rain 
period with the exception that if the animal stopped chewing, 
pressure was slightly increased. Food ingestion was quanti- 
tated by weighing the pellet before and after the experimen- 
tal period. Food spillage was defined as the quantity of unin- 
gested food removed from the whole pellet. If tail-pinch 
behaviors could not be induced within 2 rain, the animal was 
deemed to be refractory to tail-pinch and food ingestion was 
recorded as 0 g. 

The experimental protocol consisted of a 2 min basal tail- 
pinch trial after which SS was administered intraperitoneally 
and the animal was retested 15 rain later with a second 2 min 
tail-pinch trial. Animals were allowed to remain in the testing 
arena during the interval between the tail-pinch trials. All 
results are expressed as: 

g/2 min of food eaten 15 rain after drug administration ×100 
g/2 rain of food eaten during the basal period 
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FIG. 2. Effect of somatostatin on tail-pinch induced feeding 
(*p<0.01, **p<0.001). 
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FIG. 3. Effect of somatostatin on insulin induced feeding (10 
units/kg) (*p<0.025). 

Results and Discussion 

SS had an inhibitory effect on TP-induced feeding at the 
10 and 1 /zg/kg dose (Fig. 2). We [19] and others [31] have 
previously shown that CCK-8 (1, 5 and 10/xg/kg) also sup- 
pressed tail-pinch induced eating when administered periph- 
erally, further suggesting a relationship between SS and 
CCK-8. In addition, the satiety factors bombesin (10 and 1 
/xg/kg) and TRH (4 and 8 mg/kg), which like CCK-8 and SS 
have peripheral effects, have been shown to suppress tail- 
pinch induced feeding [25,26]. Calcitonin (10 units/kg) which 
is released by CCK-8 also has been reported to suppress tail- 
pinch induced eating [17]. However,  calcitonin appears to 
produce its satiety effect centrally, since intraventricularly 
administered calcitonin is a thousand-fold more potent than 
parenterally administered calcitonin [17]. 

EXPERIMENT 3 

It is well established that peripheral administration of in- 
su l in~ i l l  induce eating in rats consistently, with a resultant 
increase in body weight. This study was conducted to eval- 
uate the effect of SS on insulin induced feeding. 

Method 

Eating was stimulated by subcutaneous administration of 
10 U/kg of  insulin. Insulin was administered and followed 90 
min later by intraperitoneal injection of SS or saline. Rats 
were then placed in unfamiliar plastic boxes containing 6-10 
g of rat chow for a further 90 min period following which 
food intake was quantitated. 

Results and Discussion 

SS administration suppressed insulin induced feeding 
over a 90 min period at the 10 ~tg/kg dose (Fig. 3). We have 
previously reported that CCK-8 (5 ~g/kg) and bombesin (5 
p.g/kg) also suppressed insulin induced feeding [18]. 

EXPERIMENT 4 

Intraventricular administration of the GABA agonist, 
muscimol, has been shown to induce feeding in rats, possibly 
by binding to GABA receptors within satiety areas, exerting 
an inhibitory effect on the system [32]. Norepinephrine has 
also been implicated as an important hypothalamic factor in 

TABLE 1 
EFFECT OF SOMATOSTATIN ON MUSCIMOL AND 
NOREPINEPHRINE INDUCED FEEDING IN RATS* 

Food Intake 
n (g/30 min) 

Muscimol (500 ng ICV) + saline 12 2.9 +- 0.5 
+ SS (10/zg/kg) 10 2.7 _+ 0.6 
+ SS (1 /zg/kg) 8 3.6 -+ 0.9 
+ SS (0.1 ~g/kg) 5 3.2 ± 0.4 

Norepinephrine (2/xg ICV) 
+ saline 10 1.4 _+ 0.4 
+ SS (10 mg/kg) 10 1.7 _+ 0.3 

SS (1 mg/kg) 8 2.4 ± 0.5 

*During this time period rats receiving saline ICV ingested no 
food (n=5). 

the activation of feeding, although it has been demonstrated 
that its function after injection into some areas of the lateral 
hypothalamus can produce the opposite effect [15]. The pur- 
pose of this study was to evaluate the effect of  SS on musci- 
mol and norepinephrine induced feeding. 

Method 

Eating was stimulated by intracerebroventricular (ICV) 
administration of  muscimol (500 ng/5 p.l saline) or norepi- 
nephrine (20 txg/5 gl slightly acidified saline). Muscimol or 
norepinephrine was administered followed immediately by 
an intraperitoneal injection of SS or saline. Rats were then 
placed in unfamiliar plastic boxes containing 6-10 g of rat 
chow and food intake was quantitated for a 30 rain period. 

Results and Discussion 

SS failed to suppress muscimol and norepinephrine in- 
duced feeding (Table I). We have previously reported [27] 
that many known satiety factors fail to inhibit muscimol in- 
duced feeding, including CCK-8, bombesin, quipazine, 
TRH, isoproterinol and phentolamine. However,  bombesin 
and CCK-8 do reduce norepinephrine induced eating [28]. 
Thus, although SS acts similarly to CCK-8 and bombesin in 
most feeding models, SS does not appear to be as potent a 
satiety factor in norepinephrine induced feeding. 
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TABLE 2 
EFFECT OF SOMATOSTATIN ON DYNORPHIN INDUCED FEEDING* 

Food Intake 
(g/60 min) 

Dynorphin (10/.Lg ICV) 7 1.6 +_ 0.3 
~- SS (10 p.g/kg) 7 1.2 , 0.5 
+ SS (1 /xg/kg) 5 1.5 ..+- 0.6 

*During this time period rats receiving saline ICV ingested 
0.2 ± 0.2 g in=8). 

TABLE 3 
EFFECT OF SOMATOSTATIN ON WATER AND SUCROSE (2%) 

INGESTION IN WATER DEPRIVED RATS 

Fluid Intake (ml/60 min) 
Water Sucrose 

Saline 4.4 , 1.0 5.4 _~ 0.6 
SS (10/zg/kg) 5.4 _+ 0.7 6.6 - 0.8 
SS (I /zg/kg) 4.7 , 0.8 5.2 '- 0.6 

EXPERIMENT 5 

The potent opioid peptide, dynorphin-(l-13), has recently 
been demonstrated to stimulate food ingestion in sated rats 
130]. The purpose of this study was to evaluate the effect of 
SS on synorphin-(l-13) induced feeding. 

Method 

Animals were housed in individual cages and all testing 
was carried out in their home cages. Use of the home cage is 
important for dynorphin-(1-13) induced eating, as in a previ- 
ous experiment [30] only one of eight animals given 10/zg of 
dynorphin-(l-13) ICV ate when placed in a novel environ- 
ment. All testing was carried out between 1400 and 1600 hr. 
Immediately after drug or vehicle administration, animals 
were returned to their cage together with 2 pellets of pre- 
weighed Purina rat chow (6-10 g) and food intake was meas- 
ured for 60 min. 

Result,s and Discussion 

Dynorphin-(l-13) induced feeding was not suppressed by 
SS (Table 2). We have recently observed that CCK (10 
~g/kg) does not suppress dynorphin-(l-13) induced feeding, 
whereas bombesin (10 /zg/kg) markedly suppressed 
dynorphin-(l- 13) induced feeding (unpublished observation). 

EXPERIMENT 6 

SS has been shown to have a generalized depressant ef- 
fect and has been reported to cause nausea in humans [5]. In the 
present experiment we evaluated the effect of SS on inges- 
tion of water or a sucrose solution (2%) to observe whether 
SS suppresses oral behaviors in general, which might suggest 
a generalized disruption of behavior. 

Method 

Water intake was stimulated by water-depriving the ani- 
mals for 15 hr prior to the experiments (food given ad lib). At 
the time of each study rats were removed from their home 
cages and placed into plastic boxes unfamiliar to the rats. 
Water bottles were equipped with sipping tubes and were 
weighed to the nearest 0.1 g before and after each study. 
During the experiment the animals had free access to either 
water or sucrose (2%) for a 60 min period following adminis- 
tration of SS. Forty-four rats were used in the study and all 
rats received at least 3 training days prior to the study. 

Re.wdts and Dist'ussion 

SS failed to suppress water intake or ingestion of a 2% 
sucrose solution (Table 3). It has been reported that intra- 
ventricular administration of SS (3 nmoles) suppressed water 
intake at 1 hour [43]. Lotter et al. [21] demonstrated that 
peripheral SS did not reduce ingestion of water or a saccha- 
rin solution. We have previously reported that flavor can 
alter the effective dose of a given antidopsinogen [20,29]. In 
the present study SS did not alter fluid intake of either water 
or a sucrose solution, suggesting that SS does not suppress 
feeding by a generalized disruption of behavior or due to the 
aversiveness of SS. 

EXPERIMENT 7 

In this experiment we attempted to provide a correspond- 
ing feeding test for the drinking test (Experiment 6). A 30 hr 
food deprivation trial was used, since in our hands a 15 hr 
deprivation schedule results in extreme variability in food 
intake between rats. 

Method 

Food intake was stimulated by depriving the rats of food 
for 30 hr (water given ad lib). At the time of each study rats 
were removed from their home cages, given an intraperito- 
neal injection of SS or saline, and placed into plastic boxes 
unfamiliar to the rats (containing 6--10 g of rat chow). Food 
intake was measured for the ensuing 30 min period. Sixty 
rats were used in the study (15/group) and all rats received 
three training days prior to the study. 

Results and Discussion 

SS failed to suppress food intake following food depriva- 
tion (Table 4). As SS failed to suppress intake of water, a 2~ 
sucrose solution or rat chow following fluid or food depriva- 
tion, it appears that SS may have some slightly aversive 
qualities which may have been overcome by increasing the 
strength of the stimulus. 

GENERAL DISCUSSION 

Somatostatin appears to have an important general func- 
tion in nutrient homeostasis. In addition to retarding nutrient 
absorption [l l, 34, 44], inhibiting insulin [1 ], glucagon [10], 
and suppressing gut hormones in general [3J, it now seems 
clear that SS also suppresses food intake under various con- 
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T A B L E  4 

EFFECT OF SOMATOSTATIN ON FOOD INTAKE IN FOOD 
DEPRIVED RATS 

Food Intake tg/30 min) 

Saline 1.6 +_ 0.1 
SS (10/zg/kg) 1.7 _+ 0.1 
SS (I p.g/kg) 1.4 y_ 0.2 
SS (0.1 p.g/kg) 1.6 y_ 0. I 

ditions. SS suppresses  nocturnal  feeding, meal feeding 121], 
and two types of  stress related feeding, i.e.,  tail-pinch and 
insulin induced feeding in the rat. Lot ter  et al. [21] have 
demons t ra ted  that SS also suppresses  meal feeding in the 
baboon.  

The  finding in the present  s tudy suggests that as has been 
reported for C C K  I41], the satiety effect o f  SS works  via the 
vagus nerve. Lotter  et al. [21] found that SS was ineffective as 
a satiety agent when administered centrally, whereas  Vijayan 
and McCann  [431 reported significant suppression of  feeding 
when 3 nmoles of  SS was adminis tered central ly.  SS may 
suppress  feeding under  certain c i rcumstances  when given 
central ly (as has been repor ted  for CCK-8 [19]); however ,  
probably it is more  potent  when administered peripherally.  
As drinking behavior  was not suppressed following adminis- 

tration of  parenteral  SS, it appeared that SS did not decrease 
food intake due to general ized disruption of  behavior  or  due 
to illness. Also,  Lot te r  et al. [21] reported that SS did not 
lead to a condi t ioned taste avers ion.  However ,  it should be 
noted that in the present  study food intake also was not 
suppressed following food deprivat ion,  suggesting a possible 
avers ive  effect of  SS. 

There  appear  to be many similarities be tween  SS and 
CCK-8:  (1) both reduce the size of  a subsequent  meal;  (2) 
both suppress food intake in insulin induced and tail-pinch 
induced feeding; (3) nei ther  suppress muscimol  or  dynorphin 
induced feeding (although C C K  does suppress norepineph- 
rine induced feeding, whereas  SS does not); (4) both seem to 
act via the vagus;  (5) nei ther  appear  to result in a general ized 
disruption o f  behavior ;  (6) both are secreted during a me 'd ;  
and finally, as is true for many peptides,  (7) they are both 
found in the brain and the GI tract. CCK increases the release 
of  SS [12], which may explain the close relationship be tween  
C C K  and SS. However ,  C C K  and glucagon (which also sup- 
presses feeding) both release the potent  anoret ic  peptide,  
calcitonin [4,7]. Thus,  it is clear  that only a complex  series of  
interactions be tween  many neuroregulatory agents can ex- 
plain control  of  food intake. 

ACKNOWLEDGEMENTS 

We thank Julie Kneip and Martha Grace for technical assistance, 
and Val Wesley for secretarial assistance. Research was supported 
by the Veterans Administration. 

R E F E R E N C E S  

I. Alberti, K. G. M. M., N. J. Christensen, S. E. Christensen, A.P. 10. Gerich, J. E., R. Lovinger and G. M. Grodsky. Inhibition by 
Hansen. J. Iversen, K. Lundbaek, K. Seyer-Hansen and H. 
Orskov. Inhibition of insulin secretion by somatostatin. Lancet 
2: 1299-1301, 1973. 

2. Antelman, S. M. and H. Szechtman. Tail-pinch induces eating 
in-'sated rats which appears to depend on nigrostriatal dopamine. 
Science 189: 731-733, 1975. 

3. Arimura, A. Recent progress in somatostatin research. Biomed. 
Re.s. 2: 233-257, 1981. 

4. Bell, N. H. Effects of glucagon, dibutyrl cyclic Y5'-adenosine 
monophosphate, and theophylline on calcitonin secretion in 
vitro. J. elin. Invest. 49: 1368-1373, 1970. 

5. Besser, G. M., A. M. Paxtone, S. A. N. Johnson, E. J. Moody, 
C. H. Mortimer, R. Hall, A. Gomez-Pan, A. V. Schally, A. J. 
Kastin and D. H. Coy. Impairment of platelet function by 
growth hormone release inhibiting hormone. Lancet 1: 1166- 
1168, 1975. 

6. Brazeau, P., W. Vale, R. Burgus, N. Ling, M. Butcher, J. 
Rivier and R. Guillemin. Hypothalamic polypeptide that inhibits 
the secretion of immunoreactive pituitary growth hormone. Sci- 
ence 179: 77-79, 1973. 

7. Care, A. D., J. B. Bruce, J. Boelkins, A. Kenny, H. S. Conna- 
way and C. S. Anast. The role of pancreozymin-cholecystokinin 
and structurally related compounds as calcitonin secretogues. 
Endocrinology 89: 262-271, 1971. 

8. Creutzfeldt, W. and R. Ebert. Release of gastric inhibitory 
polypeptide (GIP) to a test meal under normal and pathological 
conditions in man. In: Proceedings of  the 9th Congress of  the 
International Diabetes Federation. edited by J. S. Bajaj. New 
Delhi: Excerpta Medica Amsterdam/Oxford, 1977, pp. 63--75. 

9. Frolich, J. C., I. Reimann, R. Storz, D. Rabin, Z. T. Bloomgar- 
den, S. R. Bloom, J. Oates and W. A. Muller. Wirkung von 
somatostatin beim carcinoid- and Verner-Morrison-Syndrom. 
Verh. dt. Ges. inn. Med. 85: 174--175, 1979. 

somatostatin of glucagon and insulin release from the perfused 
rat pancreas in response to arginine, isoproterenol and theo- 
phylline: Evidence for a preferential effect on glucagon secre- 
tion. Endocrinology 96: 749-754, 1975. 

I1. Hanssen, L. E., K. F. Hanssen and J. Myren. Inhibition of 
secretin release and pancreatic bicarbonate secretion by soma- 
tostatin infusion in man. Seand. J. Gastroent. 12: 391-394, 1977. 

12. Ipp, E., R. W. Dobbs, V. Harris, A. Arimura. W. Vale and R. 
H. Unger. The effects of gastrin, gastric inhibitory polypeptide, 
secretin, and the octapeptide of cholecystokinin upon immuno- 
reactive somatostatin release by the perfused canine pancreas. 
J. elin. Ire'est. 60: 1216-1219, 1977. 

13. Krejs, G. J., R. Browne and Ph. Raskin. Effect of intravenous 
somatostatin on jejunal absorption of glucose, amino acids, 
water, and electrolytes. Gastroenterology 78: 26-31, 1980. 

14. Konturek, S. J., J. Tasler, W. Obtuowicz, D. H. Coy and A. V. 
Schally. Effect of growth hormone-release inhibiting hormone 
on hormones stimulating exocrine pancreatic secretion. J. olin. 
Invest. 58: I-6, 1976. 

15. Leibowitz, S. F. Neurochemical systems of the hypothalamus 
in control of feeding and drinking behaviour and water electro- 
lyte excretion. In: Handbook of  the Hypothalamu.~. Vol. 3. Part 
A, edited by P. Morgane and J. Panksepp. New York: Marcel- 
Dekker, 1980. 

16. Levine, A. S. and J. E. Morley. Stress induced eating in rats. 
Ant. ,I. Phy.siol. 241: R72-76, 1981. 

17. Levine, A. S. and J. E. Morley. Reduction of feeding in rats by 
calcitonin. Brain Res. 222: 187-191, 1981. 

18. Levine, A. S. and J. E. Morley. Peptidergic control of insulin- 
induced feeding. Peptides 2: 261-264, 1981. 

19. Levine, A. S. and J. E. Morley. Cholecystokinin-octapeptide 
suppresses stress-induced eating by inducing hyperglycemia. 
Regul. Peptides 2: 353-357, 1981. 



902 L E V I N E  A N D  M O R L E Y  

20. Levine, A. S., S. S. Murray, J. Kneip, M. Grace and J. E. 
Morley. Flavor enhances the antidipsogenic effect of naloxone. 
Physiol. Behav. 28: 23--25, 1982. 

21. Lotter, E. C., R. Krinsky, J. M. McKay, C. M. Treneer, D. 
Porte and S. C. Woods. Somatostatin decreases food intake of 
rats and baboons. J. t'omp, physiol. Psychol. 95: 278--287, 1981. 

22. Lowy, M. T., R. P. Maickel and G. K. W. Yim. Naloxone 
reduction of stress-related feeding. Lift, Sci. 26: 2113-2118. 
1980. 

23. Morley, J. E. The neuroendocrine control of appetite: The role 
of the endogenous opiates, cholecystokinin, TRH, gamma 
amino butyric acid and the diazepam receptor. L(fe S¢'i. 27: 
355--368, 1980. 

24. Morley, J. E. and A. S. Levine. Stress induced eating is medi- 
ated through endogenous opiates. Science 209: 1259--1261, 1980. 

25. Morley, J. E. and A. S. Levine. Thyrotropin-releasing hormone 
(TRH) suppresses stress induced eating. Lift, St'i. 27: 26%274, 
1980. 

26. Morley, J. E. and A. S. Levine. Bombesin suppresses stress- 
induced eating. Pharmac. Bioc'hem. Behav. 14: 14%151, 1981. 

27. Morley, J. E., A. S. Levine and J. Kneip. Muscimol-induced 
feeding: A model to study the hypothalamic regulation of appe- 
tite. Life Sci. 29: 1213-1218, 1981. 

28. Morley, J. E., A. S. Levine, S. S. Murray and J. Kneip. Pep- 
tidergic regulation of norepinephrine induced feeding. Pharmat'. 
Biot'hem. Behav. 16: 225-228, 1982. 

29. Morley, J. E., A. S. Levine and S. S. Murray. Flavour modu- 
lates the antidipsogenic effect of substance P. Brain Res. 226: 
334--338, 1981. 

30. Morley, J. E. and A. S. Levine. Dynorphin-(I-13) induces spon- 
taneous feeding in rats. Lift" Sci. 18: 1901-1903, 1981. 

31. Nemeroff, C. B., A. J. Osbahr, G. Bissette, G. Jahnke, M. A. 
Lipton and A. J. Prange. Cholecystokinin inhibits tail pinch 
induced eating in rats. St'ience 200: 793-794, 1978. 

32. Olgiatti, V. R., C. Netti, F. Guidobono and A. Pecile. The cen- 
tral GABAergic system and control of food intake under differ- 
ent experimental conditions. Psychopharmacoh~gy 68: 163-167. 
1980. 

33. Phillip, J., S. Domschke, W. Domschke, H.-J. Urbach, M. 
Reiss and L. Demling. Inhibition by somatostatin ofgastrin re- 
lease and gastric acid responses to meals and to pentagastrin in 
man. Stand. J. Gastroent. 12: 260-265, 1977. 

34. Pott, G.. H. Wagner, E. Zierden, K. H. Hilke, H. Kansen, K. 
Hengst and U. Gerlach. Influence of somatostatin on carbohy- 
drate absorption in human small intestine. Klin. Wschr. 57: 
131-133, 1979. 

35. Sakurai, H., R. Dobbs and R. H. Unger. Somatostatin-induced 
changes in insulin and glucagon secretion in normal and diabetic 
dogs. J. t'lin. Invest. 54: 1395-1402, 1974. 

36. Schally, A. V., A. Dupont, A. Arimura, T. W. Redding, N. 
Nishi, G. L. Linthicum and D. H. Schlesinger. Isolation and 
structure of somatostatin from porcine hypothalami. Biocherni.~- 
try 15: 50%514, 1976. 

37. W. Schlegel, S. Raptis, H. C. Dollinger and E. F. Pfeiffer. Inhi- 
bition of secretin, pancreozymin and gastrin release and their 
biological activities by somatostatin. In: t lormonal Receptors #1 
Digestive l'rat't Physh~logy. edited by S. Bonfils, P. Fromageot 
and C. Rosselin. Amsterdam: Elsevier/North Holland, 1977, pp. 
361-377. 

38. Schrumpf, E. "lhe inhibitory action of somatostatin on the 
stomach. Adv. exp. Med. Biol. 106: 235-240, 1978. 

39. Scrumpf, F., M. H. Vatn, K. F. Hanssen, L. S. Semb and J. 
Myren. Somatostatin inhibits insulin-stimulated gastrin release 
and gastric secretion of acid, pepsin, and intrinsic factor (IF) in 
duodenal ulcer patients. Stand. G. Gastroent. 11: 517-520. 
1976. 

40. Schusdziarra, V., V. Harris, A. Arimura and R. H. Unger. Evi- 
dence for a role of splanchnic somatostatin in the homeostasis of 
ingested nutrients. Endoc'rinology 104: 1705-1708, 1979. 

41. Smith, G. P., C. Jerome, B. J. Cushin, R. Eterno and K. J. 
Simansky. Abdominal vagotomy blocks the satiety effect of 
cholecystokinin in the rat. Sc'iem'e 213: 1036--1037, 1981. 

42. Strunz, U. T., S. Neeb and P. Mitznegg. Somatostatin but not 
atropine inhibits motilin secretion in vitro. Gastroenterology 75: 
1256. 1979. 

43. Vijayan, E. and S. M. McCann. Suppression of feeding and 
drinking activity in rats following intraventricular injection of 
thyrotropin releasing hormone (TRH). Endo¢'rinoh~gy 100: 
1727-1730, 1977. 

44. Wahren, J. and P. Felig. Influence of somatostatin on carbohy- 
drate disposal and absorption in diabetes mellitus, l ,antet 2: 
1213-1216. 1976. 


