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PERLOW, M. J., W. J. FREED, J. S. CARMAN AND R. J. WYATT. Calcitonin reduces feeding in man, monkey and rat. 
PHARMAC. BIOCHEM. BEHAV. 12(4) 609--612, 1980.--It is proposed that calcitonin is a hormonal mediator of the 
satiety reflex. To test this hypothesis, effects of calcitonin on feeding and drinking were measured in rats and in rhesus 
monkeys. In monkeys, calcitonin produced severe (90%) and prolonged (3-5 days) reduction in feeding, and smaller 
decreases in drinking. In rats calcitonin decreased feeding in a dose-related manner over 24 hours, but increased drinking 
and urine output. A modest loss in body weight (2%) was also observed in psychiatric patients given calcitonin. It is 
suggested that calcitonin reduces feeding either through its effects on calcium metabolism, or by a direct action on the 
central nervous system. 
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IT HAS been suggested that hormonal factors secreted by 
the gastrointestinal tract may signal satiety following a meal 
[30, 31, 45]. In humans, there is a post-prandial increase in 
the plasma concentration of cholecystokinin-pancreozymin, 
glucagon, secretin and gastrin [51,52]. All of these hormones 
stimulate the thyroid to secrete calcitonin (CT) [3, 7, 12, 14, 
15, 19, 43, 50]. Cholecystokinin, glucagon [1, 24, 49] and 
another gastrointestional hormone, enterogastrone [45], 
have been found to reduce food intake in animals and man. 
Since there is a post-prandial increase in plasma CT [40,51], 
it seemed possible that the satiety effects of gastrointestinal 
hormones are mediated by CT. We therefore tested CT in 
rats and monkeys to determine if CT would, in fact, reduce 
feeding. 

METHOD 

Male Sprague-Dawley rats (350-550 g) (n=24) were 
acclimatized to individual metabolic cages for three days 
prior to the experimental period. For  the following five days 
the, ir daily urine volume, fecal excretion (as measured by 
number of  fecal pellets), water intake and food intake (pel- 
leted Purina Rat Chow) were measured and recorded. On the 
beginning of  the third of these five days,  synthetic salmon 
CT (Armour, Chicago, IL) was administered subcutaneously 
(0.0, 12.5, 25 or 50 MRC units/kg in a volume of 1 ml/kg). The 
do,~age given to each rat was selected randomly with each rat 
being used only once (0.0 units; 12.5 units; 25.0 units; 50.0 
units, with n=6 at each drug dose). 

Male rhesus monkeys (5.5-7.0 kg) who had previously 
ad~tpted to primate restraining chairs were used [39]. The 
animals were given food pellets (Purina Monkey Chow), half 
of an apple and water on a daily basis. The amount of food 
they ate during each 24-hr period was measured and re- 
corded. Because it takes 3-4 weeks for a monkey to adapt to 
the chronic restraint of a primate chair [39], we were not able 
to weigh the monkeys immediately prior to the experiment.  

Following two days of observation, the monkeys were given 
either 5 (n=4) or 30 (n=7) MRC units/kg of synthetic salmon 
CT subcutaneously. Of the three animals that received both 
doses of  the compound, all received the smaller dose first 
and received the second dose one to two months later. 

Retrospectively, data was analyzed on an unselected 
group of psychotic patients (n=9), to whom CT was adminis- 
tered in a therapeutic trial. The weights of the patients were 
measured one week prior to, 12-36 hr following, and one 
week following single subcutaneous injections of  2 MRC 
units/kg synthetic salmon calcitonin [16,17]. The patients re- 
ceived an equivalent volume of placebo treatment one week 
prior to and one week following CT administration. 

RESULTS 

The rat study (Fig. 1) demonstrated that CT produced a 
dose-related reduction in food intake and fecal excretion dur- 
ing the first 24-hr after the injection. This was accompanied 
by an increase in water intake and pronounced diuresis. 
There was a dose-related reduction in body weight during the 
first 24-hr (one-way analysis of variance for independant 
groups, F=3.56 ,p<0.05)  so that at the 50 MRC units/kg dose 
there was a 3.2% weight loss. During the second 24 hours 
after the injection, body weight returned to control values. 
Food intake exceeded control values, and fecal excretion 
also tended to be elevated, but not significantly. Water  in- 
take and urine volume remained elevated. 

In the monkey study (Fig. 2), CT (30 MRC units/kg) re- 
duced both food pellet and water intake (F=16.13, 
p<0.00001 and F=3.40,  p<0.01,  respectively). This reduc- 
tion lasted three days for food (Neuman Keul ' s  test, p<0.05)  
and one day for water (Neuman Keul ' s  test, p<0.05).  During 
all the studies the monkeys continued to eat half of an apple 
per day. CT in the lower dose had no noticeable effect on 
eating or drinking. 

In humans there was a slight but significant reduction in 
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FIG. 1. Effect of subcutaneous calcitonin on feeding, drinking, urine 
volume and fecal excretion in rats. The solid line represents the 
change in feeding during the 24 hr following injection as compared to 
the mean of the two previous days. The dotted line represents the 
period from 24-48 hr after injection. One-way analysis of variance 
for independent groups *p<0.005, **p<0.010, ***p<0.050. 

body weight during the immediate post-drug period as com- 
pared to the weeks before and after drug treatment (repeated 
measures analysis of variance for a single factor, F=4.51, 
p =0.03). Mean body weight 12 to 36 hours after CT was 2% 
less than one week later (paired t-test, t=2.98, p<0.03). 
There was no alteration in mean body when comparing CT 
treatment weights to weights obtained one week prior to 
drug administration. There was no response to the placebo 
injections. 

D I S C U S S I O N  

In both monkeys and rats, CT reduced food intake. In 
monkeys, this reduction was large in magnitude and extra- 
ordinarily prolonged. In rats, the reduction was accom- 
panied by a loss in weight, presumably secondary to de- 
creased food intake and/or uncompensated urinary diuresis. 
The extent to which each of these processes contributed to 
the reduction in body weight in man remains to be deter- 
mined. A volume diuresis accompanied by an increase in the 
excretion of sodium, calcium, magnesium and phosphate has 
been previously reported [2]. The mechanism by which this 
occurs is unknown. Based on observations presented here 
we are unable to determine the extent that the mild and 
evanesant CT-induced nausea (observed in about 10% of 
patients receiving 2 units/kg [Armour, product package in- 
formation and Carman, unpublished data]) accounted for the 
weight loss in man and the decreased food intake in mon- 
keys. In as much as the monkeys had only a modest reduc- 
tion in drinking in the face of dramatic reduction in food 
pellet intake, we doubt that illness led to the reduction in 
eating. Furthermore, in another study (Freed, Perlow, 
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FIG. 2. Food pellet and water intake in rhesus monkeys following a 
single administration of calcitonin (30 MRC Units/kg., subcutane- 
ously). Values are a percent of the mean (_+SEM) of two pre-drug 
days (Cont.). 

Wyatt, submitted) using a conditioned adversion paradigm 
we demonstrated that CT does not induce measurable illness 
in rats, suggesting that reductions in feeding are not the re- 
sult of illness or adversive effects of peptide, but rather a 
more specific property of the compound. 

The major effects of CT are primarily on the skeletal, 
renal, and gastrointestinal organ systems [33]. Given in doses 
similar or slightly less than what we gave here to humans and 
rats, CT reduces the plasma concentrat ion of calcium 
and phosphate, while increasing the urinary excretion of 
potassium, sodium, calcium, inorganic phosphate, hy- 
droxyproline, and inorganic sulfate [2,33]. CT increases the 
secretion of water and electrolytes into the small intestine 
and has a variable effect on the intestinal absorption of cal- 
cium, the latter effect possibly via its action on vitamin D 
metabolism [33]. In therapeutic doses CT in humans de- 
creases basal and stimulated gastric acid secretion and 
plasma gastrin [6, 9, 26]. While most mammalian studies 
have been performed in either non-primates or in humans, 
there is one study [8] in which a crude extract of porcine 
thyrocalcitonin was given to monkeys. In these animals the 
decrease in plasma calcium concentration was maximal 3 to 
6 hr after subcutaneous administration, and lasted for more 
than 24 hours. 

Within our present understanding of CT, it might be 
suggested that the reduction in feeding and drinking is the 
result of [1] a reduction in calcium and/or the calcium/sodium 
(Ca++/Na ++) ratio in the brain, or [2] a direct action of CT on 
cells that control feeding and/or satiety in the central nervous 
system. 

The first hypothesis is based on the work of Myers and 
others [4, 5, 35, 36, 47], who demonstrated that the 
intraventricular injection or intrahypothalamic application of 
Ca ++ increased feeding in sheep, rats and pigs. On the basis 
of an apparent antagonism between Ca ++ and Na ++ ions [10], 
Myers suggested that the ratio of the two ions determined the 
"set point" for weight control and hunger [4,35]. Later, he 
and others [34,48] presented data indicating that the Ca ++ 
and Na ÷+ concentrations may also modulate the release of 
neurotransmitters known to influence ingestive behavior 
[25,27]. Extrapolating to the present situation, one would 
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expec t  that  a reduct ion in p lasma Ca ++ concent ra t ion  follow- 
ing the administrat ion of  CT would  reduce  feeding. How-  
ever ,  it is quest ionable  whe ther  a reduct ion in plasma Ca ++ 
would  reduce brain Ca ++ concent ra t ion  to a degree  sufficient 
to elicit satiety [29]. 

Because  feeding is fol lowed by cessat ion of  feeding and a 
specific sequence  of  behav ior  that includes resting and/or  
sleeping, it has been  postulated that after a meal,  factors 
secre ted  by the intestine elicit this " sa t i e ty  r e f l ex"  [30, 31, 
451. Cholecys tok in in-panreozymin  elicits this response ,  
possibly by direct  act ion on the brain [21,23], or, like sec- 
retin, gastin and glucagon,  also released in associat ion with 
meals,  secondari ly  by stimulating the release of  CT f rom 
C-cells.  In rats, sampling at hourly intervals,  the concentra-  
tion of  CT and gastrin became  e levated 1-2 hr  post-prandial  
[51]. A slightly delayed,  but  similar t ime course  of  concen-  
tration increases  was observed  in pigs [50]. Infusions of  
these gastrointest ional  pept ides  were  immedia te ly  fo l lowed 
by increases  in the plasma concent ra t ions  of  CT [3, 7, 12, 14, 
15, 19, 43]. Glucagon has been  shown to reduce  body weight  
and caloric intake in man [46]. Thus,  we hypothes ize  that 

CT,  or  an act ive principle of  CT [18], acts as a secondary  
factor  in causing an animal to stop eating. Alcohol  ingestion 
[53] and the in t ravenous inject ion of  ca techolamines  [13, 28, 
40] in exper imenta l  animals increases  plasma concent ra t ion  
of  CT. These  e levated concent ra t ions  of  CT may  account  for 
the anorexia  associated with alcohol ism,  stress,  coffee drink- 
ing [42] and smoking [20]. CT may  do this by altering 
neuronal  Ca ++ [11, 38, 41] and e lec t ro lyte  metabol ism,  and, 
thus, the release of  neurotransmit ters  and putat ive neuro-  
t ransmit ters  [44], or  by direct  action on CNS neurons  that 
control  feeding. This hypothesis  is consis tent  with our  
knowledge of  how other  pept ides  of  the A P U D  (amine pre- 
cursor  uptake and decarboxylat ion)  sys tem w o r k - - b o t h  
through neuronal  and non-neuronal  effects [22, 32, 37]. 
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