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1983.--Endogenous opioid pcptides appear to play a role in the initiation of feeding. Butorphanol. an exogenous opiate 
which preferentially generalizes to the kappa-sigma opiate receptors, is a potent initiator of feeding. In these studies, we 
examined the effect of peripherally administered putative satiety substances, cholccystokininoctapeptide, somatostatin. 
bombesin, gastrin-releasing peptide, thyrotropin-releasing hormone, calcitonin and glucagon on butorphanol induced feed- 
ing. With the exception of bombesin, all the other putative satiety factors required 2 to 32 times as high a dose to 
significantly suppress feeding following butorphanol compared to the dosages required to suppress starvation or tail pinch 
induced feeding. Bombesin appeared to be approximately equipotent in all systems tested. Haloperidol and atropine both 
suppressed butorphanol induced feeding supporting our previous hypothesis of an integral relationship between 
acetylcholinergic-dopaminergic and opioid mechanisms in the initiation of feeding. The findings reported here are compat- 
ible with an important role for opioid mechanisms in the initiation of feeding. 
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WE H A V E  previously proposed an integrated hypothesis  to 
explain the interactions of  monoamines  and peptides in the 
regulation of  appeti te [26, 34, 35]. We suggested that the 
hypothalamus acts as a neuroendocr ine  t ransducer  with the 
control  of  food intake involving a del icate balance be tween a 
number  of  neuropept ides  and monoamines .  It was suggested 
that food intake is initiated by a dopamine-opioid  mechanism 
and that this signal is governed  by inhibitory inputs from the 
medial hypothalamic area. In addition, it is clear  that at least 
some peptides produce their inhibitory effects on food intake 
by activating afferent fibers in the vagus [24. 36, 47]. In an 
at tempt to more fully define these monoamine-pept ide  in- 
teract ions involved in feeding, we have studied the interac- 
tion of  a variety of  pharmacological  feeding inducers,  includ- 
ing norepinephrine [31], muscimol  [30] and insulin [16] with 
known satiety substances.  

Endogenous  opioid peptides appear  to play a central  role 
in the regulation of  appeti te  [33,43]. Recent  studies have 
shown that the endogenous  opioid peptide,  dynorphin ,  is a 
potent inducer  of  feeding after  central administrat ion [ 14, 32, 
37]. Dynorphin appears  to be the endogenous  ligand for the 
kappa receptor  [5, 12. 53]. A number  of  exogenous  opiates 
which preferential ly bind to the kappa receptor  have been 
demonst ra ted  to produce feeding after peripheral adminis- 
tration [7, 22, 38, 44]. The  morphinan congener ,  butorphanol  
tartrate,  has actions suggesting it to preferential ly effect K 

and cr opiate receptors  [39.42]. Butorphanol  is in our  hands. 
the most potent feeding enhancer  of  all the exogenous  
opiates [20]. For  these reasons we have begun to undertake a 
systematic  investigation of  the effects of  a variety of  satiety 
substances  on butorphanol- induced feeding. This communi-  
cation reports our  findings with peripherally administered 
satiety agents. 

GI-NERAL METHOD 

Atlittl~ll.~ ~llld (h¢'mi((ll.~ 

Food consumpt ion  was studied in individually housed 
male Sprague-Dawley rats ( 150-200 g) kept under  standard 
lighting condit ions (12 hr/day artificial l ight--0700 to 1900 
hr). All rats were given free access  to a standard diet (Purina 
laboratory chow) and water  until the beginning of  the exper-  
iments.  Butorphanol  tartrate (Bristol Laborator ies ,  Syra- 
cuse,  NY) was injected subcutaneously  at a dose  of  8 mg/kg. 
This dose was chosen as it consis tent ly produces  a maximum 
effect on feeding. All animals received a second injection of  
vehicle or satiety agent. The maximum effect of  butorphanol  
on feeding occurs  be tween l to 3 hours,  and, thus, in some 
exper iments  where short acting satiety substances  were 
being given,  the injection o f  satiety agent or  vehicle was 
delayed for I hour after butorphanol  administrat ion.  A 
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weighed quantity of fixed was presented to the animals im- 
mediately following the second injection and the quantity of 
food consumed measured at the intervals specified in indi- 
vidual experiments. Animals had access to water ad lib dur- 
ing the experiments. All experiments began between 0800 
and I(X)) hours. 

All substances were injected in a 0.2 cc volume. Satiety 
substances were obtained from: cholecystokinin- 
octapeptide: Boehringer-Mannheim, Indianapolis, IN; 
bombesin: Sigma Chemical Co., St. Louis. MO; gastrin- 
releasing pcptide: Peninsula Labs, San Carlos, CA; somato- 
statin: Ayerst Pharmaceuticals; thyrotropin-releasing hor- 
mone: Boehringer-Mannheim, Indianapolis, IN; calcitonin: 
Armour Pharmaceutical, Phoenix. AZ; haloperidol: McNeill 
Laboratories, Fort Washington. PA; atropine Sigma Chemi- 
cal Co.. St. Louis, MO; glucagon: Eli Lilly and Co., In- 
dianapolis, IN. 

Statisti~'s 

Food intake data was expressed as cummulative food in- 
take. All results are expressed as the mean_+SEM. Results 
were compared using repeated measures analysis of variance 
and the protected least significance test (BMDP statistics 
package). F values for each time point are givcn in the figure 
legends. 

E X P E R I M F N T  I 

Both cholecystokinin-octapeptide (CCK) and somatosta- 
tin are putative peripheral satiety factors that reduce feeding 
through a vagally mediated mechanism [19, 21.36, 47]. CCK 
releases somatostatin from the per[used dog pancreas [13]: a 
fact that has been used to explain the close similarities in the 
satiety action of these two peptides [19]. The purpose of this 
experiment was to study the satiety effects of these two pep- 
tides over a range of doses known to be effective in suppres- 
sing feeding in other systems. 

Method 

Both CCK-8 and somatostatin were administered intra- 
peritoneally (the preferred route of administration to 
demonstrate the satiety effect of these peptides), 1 hour after 
butorphanol was administered. Food intake was quantitated 
at 30, 60 and 120 minutes after the second injection. A total 
of 60 rats were used with 6-8 in each group. 

Rcxult,s and l)i,scu,s,sion 

CCK-8 suppressed feeding at both the 16 and 32 /,tg/kg 
dose but not at 8/.zg,/kg (Fig. I ). Somatoslatin failed to statis- 
tically suppress feeding at any dose. although there was a 
tendency for suppression at higher doses. This suggests that 
cholecystokinin is a more potent inhibitor of feeding than 
somatostatin, particularly over the first 60 minutes after in- 
jection. Similarly. we have previously shown that somatos- 
tatin fails to inhibit feeding in 30 hr deprived animals, 
whereas CCK-8 is a potent inhibitor of feeding in this 
paradigm [19]. These data make it unlikely that CCK is 
producing its satiety effect through release of somatostatin. 
The failure of somatostatin to significantly suppress butor- 
phanol induced feeding is compatible with our previous find- 
ing that it fails to inhibit dynorphin-(l-13) induced feeding 
[19] although the highest concentration of somatostatin just 
missed producing statisitcal significance at 120 minutes due 
to the slightly greater variance than that for CCK. We have 
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FIG. I. The effect of cholecystokinin-octapeptide ((_'(_'K) and 
somatostatin on butorphanol induced feeding. *p<0.01, ÷p<:0.05, 
F(9,66). 30 rain=2.0. 60 rain-2.37, 120 rain-4.58. Butorphanol in- 
duced significant feeding compared to controls at all times (p-.-:0.0t). 

also found that CCK-8 ( 10/zg/kg) did not suppress dynorphin 
induced feeding [371 and the need for higher doses of CCK to 
suppress butorphanol induced feeding is again compatible 
with this observation. Doses of CCK-8 as low as 0. I #g/kg 
have been shown to suppress feeding [461, suggesting that 
butorphanol is a potent feeding inducer. The high doses of 
CCK-8 needed to suppress butorphanol induced feeding arc 
at a level where less specific effects of CCK-8 such as gut 
contraction and nausea may be playing a role in the suppres- 
sion observed [6]. 

E X P I ¢ R I M E N T  2 

Bombesin, a frog skin peptidc, has been shown to inhibit 
feeding in a variety of models [10, 28, 48]. The mammalian 
counterpart of bombcsin is gastrin-releasing peptidc (GRP) 
12] which also inhibits feeding after peripheral administration 
[491. In this experiment, we examined the effect of bombesin 
and gastrin-releasing peptidc on butorphanol induced feed- 
ing. 

Method 

Both bombesin and GRP were administered intraperito- 
neally I hour after butorphanol was administered. Food in- 
take was quantitated at 30, 60 and 120 minutes after adminis- 
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FIG. 2. The effect of bomhesin and gastrin releasing peptide (GRP) 
on butorphanol induced feeding. *p- 0.t)l, F(7,52), 30 rain- 2.15.60 
rain - 1.21 and 120 rain = 2.45. Butorphanol induced significant feed- 
ing compared to controls at 30 and 120 minules (p<0.OI). No signifi- 
cance is shown fi>r 60 minutes as ANOVA was not significant. 

tration of  the second injection. A total of  64 rats were used 
with 8 in each group. 

Rcstdt,~ and  l)isctt,ssion 

Bombesin significantly suppressed feeding at all doses at 
30 and 120 minutes (Fig. 2). GRP was only effect ive at the 
highest dose tested. GRP has been shown to be 3(Y'~ less 
potent  than bombesin  on a molar  basis in o ther  feeding 
paradigms 149]. Bombesin was at least twice as potent  as 
CCK-8 in suppressing feeding which ix o f  interest as it has 
been shown to be 5 times less potent than CCK in suppres- 
sing feeding after a 3 hour food depr ivat ion period during the 
day [10,111. Bombesin produces its effect by a different 
mechanism to CCK as its effect is not vagally dependent  
[11,361. Bombesin has also been shown to inhibit 
dynorphin-(I -13)  induced feeding whereas  CCK does not 
[37]. The  findings here further support  the concept  that 
bombesin is more potent than C ( ' K  in suppressing opiate 
induced feeding. 

E X PI'." RI M E N"I" 3 

Calcitonin is a potent inhibitor of  feeding when given 
either peripherally or centrally [8, Ig, 41]. TRH suppresses 
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FIG. 3. Effect of calcitonin, throtropin releasing hormone (TRH) 
and glucagon on food intake, F(7.52), 30 rain=2.15, 60 rain= 1.21 and 
120 rain=2.45. Butorphanol induced significant feeding compared to 
the controls. ~p< O.OI. 

feeding after both peripheral and central injection [27]. 
possibly by different mechanisms [36]. Both calcitonin and 
TRH are more potent after central than peripheral adminis- 
tration [27.41 I. Glucagon suppresses feeding after peripheral 
injection [9.17]. The experiment reported here examined the 
effect of peripherally administered calcitonin. TRH and 
glucagon on butorphanol induced feeding. 

..%l('fltod 

"]'he methods ,*'ere similar to those described in Experi- 
ments 1 and 2 except that food was quantitated only at 60 and 
120 minutes after the second injection. A total of  93 rats were 
used with 7 to g in each group. 

[?cstflts and  l)iscus.~iot~ 

Calcitonin decreased butorphanol  induced feeding at a 
dose of  20 units/kg, a dose double that which has been shown 
to be effect ive after peripheral administrat ion in other  feed- 
ing sys tems [27] (Fig. 3). Calcitonin is released following a 
meal [40] and by a number  of  gastrointestinal  peptides [ 1,3] 
and as such is a candidate peripheral satiety factor.  Our find- 
ings here neither confirm nor detract from the status of  cal- 
citonin as a putative peripheral satiety agent. 

TRH at the highest dose tested decreased feeding at the 
60 minute but not at the 120 minute time point (Fig. 3). Al- 
though TRH is widely distributed throughout  the gastroin- 
testinal tract [23] and has a variety of  effects on gastrointes- 
tinal ['unction [25], the doses  necessary to suppress feeding 
after peripheral administrat ion appear  to be too high to be 
physiological .  This feeling is supported by the fact that va- 
go tomy blocks peripheral TRH- induced  satiety but not sati- 
ety after central  administrat ion [36]. High concentra t ions  of  
peripheral ly administered T R H  have been demonst ra ted  to 
suppress exogenous  and endogenous  opiate actions in other  
systems [25]. 
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FIG. 4. Effect of haloperidol and atropine on butorphanol induced 
feeding. *p<0.05, *p<0.05, F(g.62L 2 hr= 13.23. 4 hr=30.75 and 6 
hr=23.46. Butorphanol induced significant feeding compared to the 
c o n t r o l s .  

We conclude that the satiety effect of periphentlly ad- 
ministered TRH represents at pharmacological effect in the 
rat. This may not be true in the dog 145]. Species differences 
in TRH effect have been demonstrated for gastric acid se- 
cretion in the dog and rat 124.29]. 

Pancreatic glucagon has been proposed as a mechanism 
for postprandial satiety because exogenous glucagon inhibits 
food intake [9]. antibodies to glucagon elicit feeding [15] and 
endogenous glucagon is released during feeding [51]. We 
fot, nd no effect of glucagon in doses up to 400 /.tg/kg on 
butorphanol induced feeding. 

EXPERIMENT 4 

Dopaminergic antagonism with haloperidol and acetyl- 
choline antagonism with atropine have both been shown to 
decrease feeding, presumably via central mechanisms 14,52]. 
In this experiment we examined the effects of atropine and 
haloperidol on butorphanol induced feeding. 

Method 

Butorphanol and the test agents were injected simulta- 
neously subcutaneously at time zero in separate syringes. 
Food intake was quantitated at 2, 4 and 6 hours. A total of 78 

TABI,E I 
E F F E C t  O F  B U I ' O R P t t A N O t . ( S m g R g I W I I t l  A N D  W I I H ( ) ( " I  

I IAI  O P E R I D O I .  A N D  A T R ( ) P I N E  ON I N ' l A K E  ( )F  WA'I  I 'R A N [ )  
2 g.dl ( ) F  G I . t ;CO, " ; I  £ 

Water Intake (J luco , , e  (2' ; ) Intake 

T r e a t m e n t  n ( lnl)  n I in I) 

Vehicle 6 2.80 0.95 fl 3.30 0.53 
Butorphanol g 1.97 0.23 N 2.74 0.30 

[8 mgkg) 
Butorphanol • 6 1.42 0.07' 6 2.60 I).90 

I hlloperidol 
(0.5 mgkg) 

Fluu~rphanol • 6 I .IX) 0.21 :~ 6 2.67 O. 13 
Atropine 
I I lllg kg) 

~7 ~- 0 .05  '.'s. b u t o r p h a n o l .  

rats were used with 7-8 rats in each group. An additional 52 
rats were given access to either a 2 g/dl solution of glucose or 
water for 4 hours in order to assess whether the atropine and 
haloperidol were inhibiting mastication and swallowing by 
inhibiting salivary secretion. There was no food present dur- 
ing this experiment. 

Re.sult,s' and I)isClt.S,siotl 

Both haloperidol (I and 0.5 mg/kg) and atropine sulfate (I 
mg/kg) decreased feeding due to butorphanol at all the time 
points tested (Fig. 4). We have previously found that 
dopamine blockade will decrease dynorphin-(I-13) induced 
feeding [37] and have suggested that dopamine is involved 
primarily in the initiation of chewing whereas the opiates are 
involved in the hunger drive [34]. Acetylcholine involvement 
in feeding appears to be linked to the nigro-striatal tracts anti 
dopaminergic mechanisms [52], and as such it is not surpris- 
ing that atropine acted similarly to haloperidol. Butorphanol 
failed to increase the intake of either water or the intake of 2 
g/dl glucose confirming the specificity of butorphanol l\~r 
solid food intake (Fable I). Neither haloperidol nor atropine 
inhibited the intake of 2 g/dl glucose after butorphanol, how- 
ever, both decreased the intake of water when given in 
combination with butorphanol. These data suggest some 
specificity of both haloperidol and atropine towards both 
food and water ingestion. 

G E N E R A L  D I S C U S S I ( ) N  

This s tudy  con f i rms  that bu to rphano l  is a potent  
s t imu la to r  o f  feeding in the rat. Fab le  2 compares  the effects 
of the satiety agents used in this study to the effects of these 
agents on feeding induced by a variety of ;,gents. As can be 
seen, the minimal effective dose required to suppress feeding 
induced by butorphanol was from 2 to 32 times greater than 
the dose required to suppress starvation and/or tail pinch 
induced eating for all the putative satiety peptides with the 
exception of bombesin. In addition, much higher doses of 
CCK-X were required to suppress the butorphanol induced 
feeding than were necessary to suppress norepinephrine and 
insulin induced feeding. At least threefold lower doses of 
somatostatin were required to suppress insulin induced feed- 
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T A B L E  2 

EFFECI OF PERIPHERAI.I.Y ADMINISI ERED SATIHY AGENTS (IN FEI-DING INDUCED fly A 
VARIETY OF METHOI)S 

Agent,, 

Minimal Effective Dose 

Starvation "lail pinch Norepinephrine 
124--30 hr) 12 mini (2 ptg ICV)  

ln ,~ul in  Butorphanol 
II,) units&g) 18 mgkg! 

CCK-8 I /.,gkg . 5 ,ug.kg - It)/xg.kg 
Somatostatin 10 big kg I /.tgkg .10/xg.kg 
Bombenin 5 #g.kg I ,txg.kg - 10 ,ug.kg 
GRP ( I /.,tg.kg) --- - -  

TRH 8 mgkg • 4 mgkg - -  
('alcitonin I0 U kg I1,) U k g  --  

(ihtcagon (25 /zg kg) I m g  kg --  
Haloperidol • (1.5 mg. kg • 0.5 mg.kg - -  
Alropine 2.5 mgkg • 2.5 m t,kg --  

• 5 t.tgkg 16 gg kg 
10 p.g kg .32/J.g.kg 

• 5 gg.kg - g#g.kg 
- -  32 /xgkg 
- -  16 mg.kg 
--  20 U.kg 
- -  .4 (X) / . ,g  kg 

0.5 mgkg 11.5 mg.kg 
2.5 mg kg I mg.kg 

All data except ~ hen in parenthe',in h,tn been obtained in our laboratory. 
Greater and lens Ihan ,,ign,, indicate lower or higher done response data in not available. 

ing. Thus,  based on this data.  bombes in  appears  to be unique 
among the putat ive sat iety pept ides  in that the dose  of  it 
required to suppress  butorphanol  induced feeding after  pe- 
ripheral adminis t ra t ion is similar to that required to reduce 
feeding induced by o ther  feeding inducers .  In this regard,  the 
recent  report  localizing the site of  bombes in  in act ion on 
feeding to the lateral hypo tha lamus  is o f  interest  150] al- 
though there  is no ev idence  that this is also the site o f  action 
of  periphcral ly adminis tc rcd  bombcs in .  

It needs  to be pointed out that.  ahhough  both dynorphin  
and butorphanol  have act ions  on the kappa receptor ,  butor- 
phanol induced feeding is resistant  to na loxonc whereas  
dynorph in  induced feeding is na loxone sensi t ive [321 suggest- 
ing that these two ligands may not induce feeding by a similar 
mechanism.  It would seem that the fact that both butor-  
phanol- and dynorph in - induccd  feeding arc blocked by 

bombes in  and haloperidol  implies more about putative com- 
mon final pa thways  than it does  about  a similar mechan ism 
for the initiation of  feeding, in addit ion,  it should be pointed 
out that the same dose  of  butorphanol  produces  a different 
magnitude of  feeding in different groups  of  rats necess i ta t ing 
that controls  are a lways run s imul taneously  on the experi-  
mental  day.  

These  studies are suppor t ive  of  the concep t  that opiates  
play an important  role in the initiation of  feeding 126, 33, 43 I- 
They demons t r a t e  the utility of  pharmacological  approaches  
to unraveling the complex  interplay of  monoamincs  and 
ncuropep t ides  in the regulation of  feeding responses .  The 
differing effects  o f  satiety agents in different feeding 
paradigms suggests  more  than one site o f  act ion for some of  
these  agents ,  e .g. ,  bombes in  and also the possibility that 
more  than one  fccding initiation sys tem exists .  
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