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Abstract
Neurochemicals that stimulate food foraging and hoarding in Siberian hamsters are becoming more
apparent, but we do not know if cessation of these behaviors is due to waning of excitatory stimuli
and/or the advent of inhibitory factors. Cholecystokinin (CCK) may be such an inhibitory factor as
it is the prototypic gastrointestinal satiety peptide and is physiologically important in decreasing food
intake in several species including Siberian hamsters. Systemic injection of CCK-33 in laboratory
rats decreases food intake, doing so to a greater extent than CCK-8. We found minimal effects of
CCK-8 on food foraging and hoarding previously in Siberian hamsters, but have not tested CCK-33.
Therefore, we asked: Does CCK-33 decrease normal levels or food deprivation-induced increases
in food foraging, hoarding and intake? Hamsters were housed in a wheel running-based foraging
system with simulated burrows to test the effects of peripheral injections of CCK-33 (13.2, 26.4, or
52.8 μg/kg body mass), with or without a preceding 56 h food deprivation. The highest dose of
CCK-33 caused large baseline reductions in all three behaviors for the 1st h post injection compared
with saline; in addition, the intermediate CCK-33 dose was sufficient to curtail food intake and
foraging during the 1st h. In food deprived hamsters, we used a 52.8 μg/kg body mass dose of CCK-33
which decreased food intake, hoarding, and foraging almost completely compared with saline
controls for 1 h. Therefore, CCK-33 appears to be a potent inhibitor of food intake, hoarding, and
foraging in Siberian hamsters.
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INTRODUCTION
The physiological mechanisms controlling ingestive behavior are of premier importance given
the epic proportion of the obesity epidemic in many countries, especially the United States of
America 44. Obesity arises from an imbalance in energy flux, with energy intake outstripping
energy expenditure over time leading to the accumulation of excess energy in the form of fat
stores. The classical animal models of laboratory rats and mice have yielded considerable
insight into the physiological causes of obesity, but they typically do not explore the complete
ingestive behavior sequence. That is, ingestive behavior consists of two phases: the appetitive
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phase, that includes all behaviors related to seeking, obtaining and storing food, and the
consummatory phase, the actual intake of the food 12. Most research using laboratory rats and
mice has focused upon the consummatory phase of food intake, with limited studies examining
the appetitive phase. Siberian hamsters (Phodopus sungorus) offer a species where the two
phases of ingestive behavior do not necessarily co-vary as they do in other species, especially
laboratory rats and mice (for review see: 6). That is, for several energetic challenges (e.g., food
deprivation 5,17, pregnancy and lactation 4) and neurochemical stimulation of the brain [e.g.,
neuropeptide Y (NPY) 15,19, ghrelin 34, agouti-related protein [AgRP]18] food hoarding, and
to a lesser extent food foraging, increases markedly more than food intake (for review see:
Keen-Rhinehart, Dailey and Bartness, in press).

We have focused on defining the mechanisms underlying the impressive increases in food
hoarding and foraging that accompany refeeding after food deprivation 15,35–37. To date, we
have shown that food deprivation increases circulating concentrations of the active form of
ghrelin, the largely stomach-derived peptide that stimulates food intake in laboratory rats and
mice 34. Ghrelin, in turn, appears to stimulate its receptors (growth hormone secretagogue
receptors) some of which are located in the arcuate nucleus of the brain 60 on NPY/AgRP
neurons 10,33. These arcuate nucleus neurons send projections to several brain areas including
the hypothalamic paraventricular nucleus (PVH) and perifornical area (PFA) 22,38. Both areas
possess NPY receptors 46,47 and parenchymal microinjections of NPY into either area
stimulates food hoarding 15 that is reminiscent of the increases in food hoarding seen after
systemic ghrelin injections in non-food deprived hamsters 34 or after 3rd ventricular injections
of NPY 19. Although this work is far from complete, we have not as actively pursued the factors
that terminate food foraging and hoarding. To this end we tested whether 3rd ventricular
injections of melanotan II (MTII) a synthetic analog of the natural agonist for the melanocortin
3 and 4 receptors (MC3/4-R), α-melanocyte-stimulating hormone, would affect food
deprivation- or ghrelin-induced increases in food deprived or in ad libitum-fed systemic ghrelin
injected hamsters 35. MTII did not always completely block food deprivation- or ghrelin-
induced increases in food hoarding suggesting that the MC3/4-R are involved in ghrelin- and
food deprivation-induced increases in food intake, but other neurochemical systems also are
involved in terminating this appetitive ingestive behavior 35,36.

Two of these other possible anorexigenic signals that could help terminate appetitive ingestive
behaviors are leptin, the largely white adipose tissue-derived peptide 68, and cholecystokinin
(CCK), the largely small intestine-derived peptide. Food deprivation-induced increases in food
hoarding are almost completely blocked by 3rd ventricular injections of leptin, whereas
peripheral leptin injection treatment is less effective inhibiting food hoarding and intake, and
not effecting in inhibiting foraging37. CCK is a peptide released by the small intestine primarily
in response to fat or protein intake 39 that also inhibits food intake when given exogenously,
mimicking the naturally-occurring satiety sequence 26,27,57,58. Although there is some
discussion as to the exact mechanism by which CCK inhibits food intake, it seems clear that
a considerable portion of its satiating ability is via stimulation of CCK A receptors on vagal
afferents projecting to the central distribution of the gut-brain axis that includes the caudal
hindbrain, and hypothalamic and non-hypothalamic forebrain areas that process meal-related
stimuli [for review see: 52]. This has led to classification of CCK as a vagally-mediated
gastrointestinal satiety signal [for review see: 54].

CCK is found in the circulation in various bioactive forms from the parent molecule: CCK-8,
CCK-22, CCK-33 and CCK-58, among others [for review see: 13,40]. In humans and dogs, it
is thought that CCK-58 is the predominant form 23,24, whereas in rodents, either CCK-33 41,
61 or CCK-58 50 seems to predominate. In laboratory rats, it appears that CCK-58 is more
potent than CCK-8 in inhibiting food intake 28. It is unknown which amino acid length of CCK
is the principal form in Siberian hamsters. Peripheral injection of CCK-8 inhibits food intake
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in a wide range of species from humans to rodents [for review see: 6]. Relevant to the proposed
work, we have found that CCK-8 inhibits food intake in Siberian hamsters 7. Given the
increased potency of CCK-33 versus CCK-8 in inhibiting food intake in laboratory rats 21 and
given the lack of availability of CCK-58 commercially at this time, we chose to test the effects
of CCK-33 in inhibiting foraging, hoarding and food intake by Siberian hamsters. Because
CCK inhibits feeding after food consumption has started 51,55 and because during the first hour
of re-feeding after food deprivation or injection of orexigenic peptides (ghrelin, NPY, AgRP)
Siberian hamsters eat after foraging (although they eat more later 2–24 h post-food deprivation
15,18,19,34–36), then food eaten during the first few hours post-food deprivation could provide
the gastrointestinal opportunity for stimulation of CCK release and subsequent effects on
foraging/hoarding, as well as food intake. Therefore, we asked two questions: Does CCK-33
inhibit daily food foraging, hoarding, and intake? and Does CCK-33 inhibit food deprivation-
induced increases in food foraging, hoarding, and intake?

MATERIALS AND METHODS
Animals and Housing

Adult male Siberian hamsters, ~3 months old and weighing between 32–50 g, were obtained
from our breeding colony. The breeding colony was established in 1988 and outbred with wild-
caught individuals, as previously described 9. Hamsters were group housed in a summer-like
photoperiod (16:8-h light-dark cycle [light onset at 0030]) from birth. Room temperature was
maintained at 21 ± 2 °C, with relative humidity at ~50 ± 10 %. All procedures were approved
by the Georgia State University Institutional Animal Care and Use Committee and were in
compliance with the Public Health Service and United States Department of Agriculture
guidelines.

At the start of the experiment, animals were transferred to the foraging/hoarding room and
singly housed in polypropylene cages (290 × 180 × 130 mm) for two weeks to acclimate to the
new light onset (2000) and single housing. The test diet [75 mg pellets, Dustless Precision
Pellets (protein 18.8%, fat 5.0%, fiber 4.6%, ash 4.4%, moisture < 5.0%, carbohydrate 61.5%,
caloric value: 3.68 kcal/gm; BioServ, Frenchtown, NJ) and tap water were available ad
libitum throughout unless otherwise noted. Siberian hamsters were then placed into the
foraging/hoarding apparatuses for two weeks of acclimation, as previously described 16.
Briefly, hamsters lived in housing where two cages were connected via polyvinyl-chloride
tubing system (38.1 mm inner diameter and ~1.5 m long), with vertical climbs and horizontal
runs to facilitate movement between cages. The top, or “food” cage, was 456 × 234 × 200 mm
(length × width × height) and equipped with a water bottle, running wheel, and food pellet
dispenser. The bottom, or “burrow” cage, was 290 × 180 × 130 mm (length × width × height)
and contained Alpha-Dri (Specialty Papers, Kalamazoo, MI) bedding and one cotton nestlet
(Ancare, Belmore, NY). The bottom cage was covered to simulate the darkness of a burrow.

Acclimation to Foraging/Hoarding Apparatus and Foraging Treatments
During the first two days of the acclimation/training period all animals were given free access
to food and were able to earn food by completing 10 revolutions on the running wheel. Wheel
revolutions were counted using a magnetic detection system and pellets were delivered using
computer-based hardware/software interface (Med Associates, Georgia, VT). On the third day
and the remainder of the acclimation/training period, free food was removed and food was
delivered solely on a response-contingent condition of one pellet for every 10 wheel
revolutions. Animals were then separated into three foraging effort groups that were matched
for percent body mass change during the acclimation period and average hoard size over the
last week of the acclimation/training period. The three foraging effort groups were: 1) 10 wheel
revolutions per pellet (10REV), 2) free wheel/free food (FW; 300 pellets of food were available
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each day in a non-contingent manner with an active running wheel), and 3) blocked wheel/free
food (BW; 300 pellets of food were available each day in a non-contingent manner and animals
did not have access to a working running wheel). The last two groups served as important
controls. Specifically, data from the FW group tested for non-specific treatment effects on
locomotor activity. That is, increased wheel revolutions by the FW group would indicate non-
specific stimulation of locomotor activity that, without this group, would be interpreted as an
increase in the motivation to obtain food by the 10 revolutions/pellet group. In addition, this
group allowed us to test if decreased foraging was due to non-specific/malaise effects on
locomotor activity or whether they were due to a bona fide suppression in the motivation to
earn food. The BW group was equivalent to a sedentary control condition in exercise
experiments and was included to account for the locomotor activity-induced changes in all
dependent variables.

Measurement of Food Foraging, Hoarding, and Intake
Food foraging, hoarding and intake were assessed each day of the experiment between 0900
and 1100. Food foraged (pellets earned) was defined as the number of pellets delivered into
the top cage of the 10REV group hamsters and calculated as wheel revolutions ÷ 10. Wheel
revolutions were recorded continuously in 5 minute bins of activity. Hoarded food was removed
each day and was defined as the number of pellets found in the bottom cage, as well as that
removed from hamsters’ check pouches. Surplus food was removed each day and defined as
the food pellets that remained in the top cage that were neither ingested nor hoarded. Food
intake in the 10REV group was determined by: [pellets earned – (surplus food + food hoard)].
In the FW and BW groups, food intake was defined as: [300 − (surplus food + food hoard)].
An electronic balance was used to weigh the food pellets and was set to “parts” measurement;
thus, one 75-mg food pellet was equal to 1 pellet, with fractions of a pellet calculated as well.

Experimental Protocol
Experiment 1: Does CCK-33 inhibit daily food foraging, hoarding, and intake?
—At the end of the acclimation/training period hamsters were divided into their groups
(10REV: n = 14, FW: n = 13, BW: n = 13). Intraperitoneal injections consisted of one of three
tyrosine sulfated CCK-33 (Peptide Institute, Inc, Osaka, Japan) doses (13.2, 26.4, and 52.8
μg/kg body mass) or vehicle (0.3ml of 0.09 % sterile saline). The doses of CCK-33 were
selected based on those used in laboratory rat food intake experiments 21. Each animal received
all possible injections in a counterbalanced schedule to control for possible injection order
effects. A washout period of four days separated each injection.

On injection days, each animal was provided with a clean burrow cage and access to food was
occluded by blocking access to the top cage two h before light offset. At light offset, each
animal was injected and access to the food cage was returned. Wheel revolutions and food
surplus, hoarding and intake were measured 1, 2, 4, and 24 h post-injection.

Experiment 2: Does CCK-33 inhibit food deprivation-induced increases in food
foraging, hoarding, and intake?—After all animals had received the four treatments in
Experiment 1, a final washout period of three days occurred. At that time the treatment groups
were balanced using baseline food intake and percent body mass change over the course of
Experiment 1. They then were food deprived for 56 h (IACUC approved), a time shown
previously to optimally increase food hoarding 5. Foraging treatments remained the same, but
no food was available.

Before refeeding at light offset, half of the animals received intraperitoneal injection of CCK-33
(52.8 μg/kg body mass), whereas the other half received 0.3 ml sterile saline vehicle. This dose
of CCK-33 was chosen because it yielded the greatest decrease in food hoarding in Experiment
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1 (see below). Wheel revolutions and food surplus, hoarding and intake were measured 1, 2,
4 and 24 h post-injection.

Statistical Analyses
For Experiment 1, raw data was transformed into percent change from saline before statistical
analyses according to the formula: [((X-Saline)/Saline)*100]. The percent change values were
analyzed using a repeated measures two-way ANOVA (4 × 3 × 4; time point × foraging effort
group × drug dose). An a priori analysis was run on the percent change values for the first hour
alone using 2-way ANOVA (3 × 4; foraging effort group × drug dose) using NCSS version
2000 (Kaysville, UT). Post hoc analysis was done with Tukey-Kramer Multiple-Comparison
Tests when appropriate.

For Experiment 2, raw data were transformed in the same manner as in Experiment 1. A
repeated measures two-way ANOVA was used to analyze the full data set (4 × 3 × 2; time
point × foraging effort group × drug dose); an a priori second analysis was also run: two-way
ANOVA (3 × 2; foraging effort group × drug dose) using only the data from the first hour post-
refeeding. Post hoc analysis was done with Tukey-Kramer Multiple-Comparison Tests when
appropriate.

For both Experiments, differences among groups were considered statistically significant if
P<0.05. Exact probabilities and test values have been omitted for simplification and clarity of
the presentation of the results. A “1” was added to all values to allow for calculation of the
percent change from control values when the control value was “0”.

RESULTS
Experiment 1: Does CCK-33 inhibit daily food foraging, hoarding, and intake?

CCK-33 statistically significantly inhibited food intake and hoarding (Ps<0.05), but not
foraging, during the first hour of testing; no differences were found at any time point subsequent
(1–2 h, 2–4 h, and 4–24 h; data not shown). Because of the restriction of significance to the
1st h post injection, we report data from this time point only.

Wheel Revolutions
Wheel running in the FW group was not affected by any dose of CCK-33 compared to saline
injections, indicating that there were no non-specific effects of the treatments on locomotor
activity (data not shown).

Food Foraged
Food foraging was not affected by any dose CCK-33 compared to saline during (data not
shown).

Food Intake
The percent inhibition of saline treatment food intake was nearly complete for the highest
CCK-33 dose (52.8 μg/kg body mass) regardless of the foraging effort treatment (Ps<0.05;
Fig. 1). The intermediate dose of CCK-3 (26.4 μg/kg body mass) led to a significant percent
inhibition in food intake compared with the saline-injected animals only in the 10REV group
(P<0.05; Fig. 1A). The lowest CCK-33 dose (13.2 μg/kg body mass) did not result in a
significant inhibition of food intake compared to saline-injected animals in any foraging
treatment (Fig. 1).
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Food Hoarding
All three doses of CCK-33 inhibited food hoarding equally compared with the saline-injected
control animals in each foraging treatment (Ps<0.05; Fig. 2).

Experiment 2: Does CCK-33 inhibit food deprivation-induced increases in food foraging,
hoarding, and intake?

Post-injection/refeeding in food foraging, food intake and hoarding were significantly inhibited
within the first hour (Ps<0.05); no differences were found at any subsequent time point
subsequent (1–2 h, 2–4 h, and 4–24 h) for all behaviors measured (data not shown). Because
of the restriction of significance to the 1st h post injection, we report data from this time point
only.

Wheel Revolutions
Wheel running in the FW group was not affected by CCK-33 (52.8 μg/kg body mass) or saline
treatment, indicating that there were no non-specific effects of the treatments on locomotor
activity (data not shown).

Food Foraged
Food deprivation-induced foraging was significantly inhibited by CCK-33 treatment compared
with saline treated animals (P<0.05; 93.6 ± 5.0 % inhibition; data not shown).

Food Intake
After food deprivation, CCK-33 (52.8 μg/kg body mass) resulted in nearly complete inhibition
of food intake for all foraging treatments compared with saline treatment (Ps<0.05; Fig. 3).

Food Hoarding
Food deprivation-induced increases in food hoarding were inhibited by CCK-33 administration
compared with saline, regardless of the foraging effort treatment (Ps<0.05; Fig. 4).

DISCUSSION
CCK has been demonstrated to be a potent inhibitor of the consummatory phase of ingestive
behavior in several rodent species. Here we show that CCK-33 is an inhibitor of both the
consummatory and appetitive phase of ingestive behavior in Siberian hamsters. Daily food
intake and hoarding were significantly inhibited by peripheral CCK-33 injection during the
first hour post-treatment, whereas food foraging was not affected by CCK-33 treatment;
CCK-33 injection did not alter these behaviors at any time point beyond the first hour. CCK-33
administration after a 56 hr-food deprivation inhibited, almost completely, food intake (97.5
% inhibition), foraging (93.6 % inhibition), and hoarding (83.6 % inhibition) during the first
hour of refeeding, but at no subsequent time point.

Previous work in our laboratory tested the effects of CCK-8 on ingestive behavior in Siberian
hamsters7 demonstrating a heightened sensitivity to the inhibitory effects of peripheral
injections of the peptide on home cage feeding in short photoperiod (winter-like days)-housed
female Siberian hamsters. Siberian hamsters naturally decrease their food intake when exposed
to short photoperiods 7,8,63 and the mechanism underlying these changes are not precisely
known, but the greatly exaggerated effect of the CCK-8 inhibition of food intake in short
photoperiods 7 might at least account for some of this response. Using the same methodology
as here, we previously examined the effects of CCK-8 on both baseline and food deprivation
induced responses of food foraging, hoarding, and intake in Siberian hamsters (M. Dailey, C.
Vaughan, and T. Bartness; unpublished observations). CCK-8 (10 and 5 μg/kg, i.p.) was not
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effective at decreasing baseline food foraging, intake, or hoarding; nor was CCK-8 (10 μg/kg)
effective in inhibiting food deprivation induced increases in food foraging or hoarding (M.
Dailey, C. Vaughan, and T. Bartness; unpublished observations). Those data, together with the
present data suggest that CCK-33 is a more potent inhibitor of ingestive behaviors than CCK-8
in male Siberian hamsters in our foraging/hoarding apparatus. CCK-8 was able to inhibit food
intake by female Siberian hamsters at the same doses as above in a standard home cage feeding
protocol 7. Gender or testing methodology could be playing a role in these incongruent results,
although in laboratory rats and mice, CCK is less rather than more effective in females 59,64.
The increased efficacy of CCK-33 found here is not unique to Siberian hamsters as a similar
hierarchy of CCK isoforms for food intake inhibition has been previously shown in laboratory
rats and mice 21. The possibility that the doses of the two CCK isoforms, CCK-33 (present
data) and CCK-8 (M. Dailey, C. Vaughan, and T. Bartness; unpublished observations) used
were drastically different and is the cause of our increased efficacy of CCK-33 is slight, and
probably not important as the molar quantities used were similar (CCK-8: 4.4 and 8.5 nmol;
and CCK-33: 3.5, 7.0, and 13.9 nmol). Other labs have shown that CCK-58, the predominant
detectable form of CCK, causes the same magnitude, but longer lasting, inhibition of food
intake compared with CCK-8 28. The difference in the length of inhibition is possibly due to
the rate of clearance/metabolism of the shorter versus longer forms 29,30,67. CCK-58 remains
to be tested in Siberian hamsters or for the inhibition of the appetitive phase of ingestive
behavior in any species.

Although this is the first demonstration of CCK affecting the appetitive behaviors of food
foraging and hoarding per se, others have reported that CCK can alter other appetitive
behaviors. For example, in seminal work regarding non-food related effects of CCK, mice
injected with CCK-8 at doses typically used to produce satiety to food explore less and show
what would be considered more anxiety-like behaviors than their vehicle controls, without
producing deleterious effects on general locomotor behavior 14. Similarly, we found no
decrease in wheel running by the FW group that did not have to earn their food by running,
but CCK-33 significantly decreased foraging for food by the 10REV group indicating a specific
decrease in the motivation to earn food. Intravenously injected CCK-8 also inhibits operant
responding for food, water, sucrose solution and heat by food-deprived, water deprived, non-
deprived and cold exposed pigs 2 and operant responding for food in laboratory rats 1. The
inhibitory effect of CCK-8 on operant responding for food is greatest when bar pressing results
in food delivery (i.e., when CCK-8 is interacting with food stimuli) than during extinction bar
pressing [i.e., when food is withheld; 31). The inhibition of operant responding (i.e., appetitive
ingestive behavior) may be mediated via peripheral CCK A receptors, at least in pigs, as
intravenous injection for this receptor agonist, but not central injection nor peripheral or central
injection of CCK B receptor agonist, inhibit operant food responses 48. Collectively, these data
suggest that CCK-8 can inhibit appetitive ingestive behaviors as well as a wider range of
appetitive behaviors than those for food alone 2,14. Note, however, that this partially contrasts
with a small effect of CCK-8 on runway performance with food as the reinforcer at the end of
the runway. These data are consistent, however, with an ability of CCK-8 to inhibit runway
performance if administered following a prefeeding meal that is given before the access to the
runway 11. Thus, it seems likely that the ability of CCK-33 to inhibit the appetitive ingestive
behaviors of foraging and hoarding here possibly occurred because of the pattern of ingestive
behaviors seen in these animals where they forage for food, eat some of it as well as hoarding
it, and then continue this sequence (Day and Bartness, unpublished observations).

Food deprivation in Siberian hamsters results in increases in food foraging and hoarding to a
much greater extent than intake after refeeding 5,20 -- a phenomenon unlike other rodents
commonly used in food intake studies [for review see: 6]. CCK-33 was able to inhibit the food
deprivation-induced increases in food foraging and hoarding during the first hour of refeeding,
but not subsequently. Food intake also was inhibited by CCK-33 administration during the first
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hour of refeeding, but did not inhibit food intake beyond that first hour. The rapid waning of
the inhibitory affects on food intake by CCK is not unique to these two experiments, as work
in both laboratory rats and mice have suggested that CCK acts to signal satiety on a meal-to-
meal basis and not in the long term 25,65,66. In Syrian hamsters, the ability of exogenous CCK-8
to inhibit food intake during refeeding after food deprivation is gone 2 h post-refeeding 32.

CCK-33 (present study) and leptin 37 are the only two endogenous anorexigenic compounds
that inhibit food hoarding tested to date. Unlike the early and short duration inhibition of food
deprivation-induced food hoarding by CCK-33 in the present experiment, peripherally
administered leptin had a more protracted effect lasting as long as 48 hr 37. In addition, CCK-33
inhibited the food deprivation-induced increases in foraging and hoarding as well as the small
food deprivation-induced increases in food intake, whereas leptin did not affect food
deprivation-induced increases in foraging, but did do so for the increases in food hoarding and
the small increases in food intake upon refeeding 37. Interestingly, leptin and CCK can act
synergistically to inhibit food intake in laboratory rats and mice as shown by subeffective doses
of each peptide not altering food intake singly, but doing so when injected together 3,42. Such
an interaction has not been tested for the inhibitory effects of these peptides on appetitive and
consummatory ingestive behaviors in Siberian hamsters. Previous research has shown that
peripherally injected CCK-8 and -33 act via vagal afferents to inhibit food intake, but also in
part through pyloric CCK receptor inhibition of gastric emptying 49,53. The primacy of vagal
afferents in mediating the inhibitory effect of CCK on food intake is seen by the complete
blockade of this effect with selective gastric vagotomy 56. Relative to hamster species, complete
subdiaphragmatic vagotomy blocks the ability of exogenously administered CCK to inhibit
food intake in Syrian hamsters 43. The effects of selective vagotomies on the satiety effect of
CCK have not been explored in any hamster species to our knowledge. Interruption of the gut-
brain signaling pathway does not always result in a loss of CCK functionality [e.g., 21 including
in Syrian hamsters 43]. High doses of CCK (i.e., 26.4 and 52.8 μg/kg in rats and ≥8 μg/kg in
Syrian hamsters) are able to inhibit food intake when the vagus nerve is cut below the
diaphragm 21,43. One possible explanation for this effect is that high doses of CCK are able to
enter circulation and thereby gain access to the brain, although some contend that CCK cannot
cross the blood-brain barrier 45,62.

Collectively, our findings demonstrate that CCK-33 is a potent inhibitor of both the appetitive
and consummatory phases of ingestive behavior acutely, 1-hour post injection in ad libitum-
fed Siberian hamsters and during the same time in food deprived-refed hamsters. Specifically,
CCK-33 is able to inhibit food intake and hoarding in ad libitum-fed animals and food foraging,
intake, and hoarding after a 56 hr food deprivation upon refeeding. These findings are unique
as they demonstrate a system that can be manipulated to not only decrease food intake, but also
decrease food seeking/storing behaviors. This type of effect could lead to alternative
interventions to treat human obesity rather than targeting the consumption of food only which
has been less than spectacularly effective to date.
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Figure 1.
Mean ad libitum food intake as affected by three doses of CCK-33 (13.2, 26.4, and 52.8 μg/
kg body mass), for one hour post-injection, expressed as a percent inhibition from the saline
controls ± SEM: A) 10 revolutions per pellet group (saline: 1.57 ± 0.48 pellets eaten), B) Free
Wheel/Free Food group (saline: 2.15 ± 0.43 pellets eaten), and C) Blocked Wheel/Free Food
group (saline: 2.62 ± 0.61 pellets eaten). * P<0.05 vs saline injections.

Teubner and Bartness Page 13

Peptides. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Mean ad libitum food hoarding as affected by three doses of CCK-33 (13.2, 26.4, and 52.8
μg/kg body mass), for one hour post-injection, expressed as a percent inhibition from the saline
controls ± SEM: A) 10 revolutions per pellet group (saline: 1.73 ± 0.44 pellets hoarded), B)
Free Wheel/Free Food group (saline: 2.25 ± 1.08 pellets hoarded), and C) Blocked Wheel/Free
Food group (saline: 1.46 ± 0.41 pellets hoarded). * P<0.05 vs saline injections.
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Figure 3.
Mean food intake post-food deprivation as affected by CCK-33 (52.8 μg/kg body mass), for
one hour post-injection, expressed as percent inhibition from saline controls ± SEM: A) 10
revolutions per pellet group (saline: 4 ± 2.49 pellets eaten), B) Free Wheel/Free Food group
(saline: 7.3 ± 0.67 pellets eaten), and C) Blocked Wheel/Free Food group (saline: 4.4 ± 0.93
pellets eaten). * P<0.05 vs saline injections.
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Figure 4.
Mean food hoarding post-food deprivation as affected by CCK-33 (52.8 μg/kg body mass), for
one hour post-injection, expressed as percent inhibition from saline controls ± SEM: A) 10
revolutions per pellet group (saline: 4.7 ± 2.85 pellets hoarded), B) Free Wheel/Free Food
group (saline: 10.5 ± 2.81 pellets hoarded), and C) Blocked Wheel/Free Food group (saline:
5.0 ± 3.56 pellets hoarded). * P<0.05 vs saline injections.
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