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Abstract
CCK-1 receptor deficient Otsuka Long Evans Tokushima Fatty (OLETF) rats are hyperphagic, which
leads to subsequent obesity and diabetes. Additionally, they have increased sham intake and enhanced
preference for sucrose solutions relative to control, Long Evans Tokushima Otsuka (LETO) rats. To
determine the effects of oil on ingestion, we first measured real feeding of various concentrations of
oil emulsions (12.5, 25, 50, 75, 100%) in rats that were fed ad libitum. Secondly, to isolate the
orosensory compontent of oils from post-ingestive consequences, as well as determine the
contribution of energy status, we measured sham-feeding in OLETF and LETO rats using one-bottle
acceptance tests while non-deprived and overnight food deprived. Finally, to assess the orosensory
effects of nutritive and non-nutritive oils, we used two-bottle preference tests in sham fed OLETF
and LETO rats. We found that real feeding resulted in increased intake of high oil concentrations for
OLETF rats relative to LETO rats. Similarly, OLETF rats consumed significantly more of higher
concentration corn oils than LETO while non-deprived sham feeding. Conversely, OLETF rats
overconsumed low concentration corn oil compared to LETO during overnight deprived sham
feeding tests. In 2-bottle sham feeding preference tests, both non-deprived OLETF and LETO rats
preferred corn to mineral oil. Collectively, these results show that increased oil intake in OLETF rats
is driven by both peripheral deficits to satiation and altered orosensory sensitivity.
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1. Introduction
Substantial amount of evidence has placed the high amounts of fatty foods within the western
diet as a cause for the obesity epidemic [1]. High-fat diets, due to their high palatability and
energy density, stimulate voluntary energy intake leading to obesity in both animals [2] and
humans [3]. Although fat ingestion is guided by orosensory and post-ingestive factors, the
orosensory properties are sufficient for discrimination and ingestion independently of
postingestive factors [4]. The orosensory properties of fats stimulate ingestion and this occurs
in deprived and sated sham-feeding animals for nutritive (corn oil) as well as non-nutritive
(mineral oil) stimuli [5,6]. Thus, ingestion of fats occurs in the absence of feedback with regard
to energy status. Also, orosensory stimuli, such as fatty flavors, are rewarding, and promote
approach behavior and operant learning even when postoral feedback is minimized [4,7]. In
some obese rat models, hyperphagia for palatable foods is related to the positive feedback from
orosensory properties [8]. For example, we recently showed that increased food intake in obese
Otsuka Long Evans Tokushima Fatty (OLETF) rats can be attributed, at least in part, to altered
orosensory functions. Specifically, we found increased preference for high concentrations of
sweet solutions [9], altered neural coding for sweet taste [10], and heightened reward sensitivity
[11].

The OLETF rat, a rodent model for obesity and non-insulin dependent diabetes mellitus
(NIDDM) carries a natural single point deletion of the CCK-1R [12,13]. They are hyperphagic
compared to LETO controls and gradually become obese [14] during their life span. The
underlying cause(s) of hyperphagia in this rat model has not been fully revealed. Whereas most
deficits can be explained by the absence of the CCK-1R and alterations in peripheral and central
CCK signaling [15,16], additional non-CCK deficits have been shown to be responsible for
OLETF rat’s chronic hyperphagia, including impairments in hypothalamic peptide signaling
[15,17-19], and dopamine functions [9,20-22]. As well as having deficits in peripheral satiation
and enhanced orosensory stimulation, the OLETF has altered levels of dopamine, which
positively correlate in reward with palatable sources [11,22-24].

Similar to other obese rodent models [8,25], OLETF rats have an increased preference and
intake of highly rewarding or preferred foods, especially fat. For example, OLETF rats have
decreased intestinal sensitivity to both intestinal infusion of oils [26] as well as solid high fat
foods [27]. However, whether OLETF rats prefer fats more than LETO rats based on oral
stimulatory effects is not known. Physiological need-states, such as food deprivation [28,29]
or limited access to palatable food (e.g. sweet or fatty meals [30]) results in increased intake
when the stimuli become available again (i.e., “reward sensitization”) (see [31] for a review).
For example, relative to lean controls, OLETF rats overeat on meals that are normally preferred
when food deprived (fat [27]; sugars [9]).

Therefore, to examine the relationship of the orosensory component with feedback inhibition
from the gastrointestinal tract, we employed real feeding of increasing oil emulsion
concentrations (12.5, 25, 50, 75, and 100%). Further, to examine the orosensory acceptance of
oils in various feeding states in the pre-diabetic OLETF compared to LETO controls, we sham
fed OLETF and LETO rats corn oil emulsions under both non-deprived and food deprived
conditions. Finally, to determine preference for a nutritive to non-nutritive oil between the two
strains, we performed brief access (30 min) two bottle preference tests with 100% emulsions
of corn and mineral oil.
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2. Methods
2.1 Animals

OLETF and LETO male rats were obtained from the Tokushima Research Institute, Otsuka
Pharmaceutical, Tokushima, Japan. Rats were housed individually in wire floored, hanging
steel cages in a temperature controlled vivarium on a 12:12 light:dark cycle (lights on at 0600
hours). Rats were provided ad libitum access to pelleted rat chow (Purina 5001) and water,
except the night before food deprived sham feeding tests described below. Rats were handled
for a minimum of one week during the acclimation period before experimental protocol began.
All experimental protocols were approved by the Institutional Animal Care and Use Committee
(IACUC) of the Pennsylvania State University.

2.2 Surgical Procedure: Gastric Cannulation
Following overnight fasting, rats were anaesthetized with a combination of ketamine (50mg/
kg), xylazine (5mg/kg) and acepromazine (1mg/kg). Gastric cannulation was performed as
described previously [32]. Briefly, after anesthesia, rats were surgically fit with chronic gastric
cannulae on the non-glandular portion of the stomach. A puncture wound was made in the
lateral section of the rat’s torso through which the cannula exited. Bard mesh was then used to
secure the cannula to the abdominal wall. Rats were given two weeks recovery from the surgery
before any feeding experiments begun.

2.3 Real feeding of oil emulsions
Rats (n = 13, 6 OLETF, 7 LETO) with average weights of 567 ± 14 g and 475 ± 15 g,
respectively were allowed ad libitum access to chow until presentation of oils. At 0900 h, chow
was removed from the cages, rats were weighed, placed back into their cages, and presented
with burettes filled with 12.5, 25, 50, 75 and 100% oil emulsions. To achieve the desired
concentrations of oils, 0.75 ml of Tween-80 (Sigma) was added to every 100 ml mixture of oil
and tap water. All oil concentrations were tested at least twice and intake were manually
recorded by an individual every 5 min for 60 min. Tests were conducted every other day.

2.4 Sham feeding of oil emulsions in the non-deprived condition
A separate group of rats (n = 13, 6 OLETF and 7 LETO) weighing 601 ± 30 g and 477 ± 13
g, respectively were equipped with chronic gastric cannulae and fed ad libitum chow
throughout the experiment. Rats underwent an acclimation period of three trials that consisted
of 60 min sham feeding 25% corn oil in the morning (0900) after overnight (1700 – 0900)
water and food deprivation. During testing, at 0900 h, rats were weighed and their stomachs
lavaged with warm water until the drained contents were clear and devoid of any food particles.
Rats were then fitted with sham feeding tubes and placed in mesh wire floored Plexiglas sham
feeding boxes. Each concentration of corn oil (12.5, 25, 50, 75, 100%) were presented to all
rats a minimum of two times in both ascending and descending order of concentration. Intake
of oil emulsions was individually recorded every 5 min for 60 min. Sham feeding tests took
place every other day. In all sham feeding tests, gastric drainage was collected in plastic
containers placed beneath each sham feeding box. Great care was taken to ensure patency of
drainage tubes and flow of oil freely through the tubes. In the event gastric drainage did not
occur while rats were sham feeding, a connector tube attached to a syringe was used to verify
eventual blockage and clear the tube promptly. This becomes important, particularly when high
concentrations of oils are used, which in combination with gastric mucus, form viscous, foam
like secretions.
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2.5 Sham feeding of oil following overnight food deprivation
Rats (n = 12, 5 OLETF, 7 LETO) weighing 440 ± 7 g and 361 ± 8 g, respectively were sham
fed after overnight (16-hr) food deprivation. Before tests begun, rats were trained to sham feed
oil following a 2-h water deprivation. After training, rats were sham fed the oil emulsions as
described above.

2.6 Oil preference tests
Seventeen naïve rats (8 OLETF and 9 LETO) with average weights of 574 ± 21 g and 458 ±
6 g, respectively, equipped with gastric cannulas received ad libitum access to rat chow, except
during two-bottle preference testing. For training, rats were sham fed with either 100% corn
or 100% mineral oil for 30 min in blocks of two days for a total of 8 days: 4 cycles × 2 days.
After training, preference tests were conducted for two consecutive days. Rats received
concomitant access to burettes containing 100% corn and 100% mineral oil and sham intake
was measured for 30 min. To avoid side preference, burette positions were alternated for each
test.

2.7 Oral Glucose Tolerance Test (OGTT)
A subset of overnight food deprived rats from each experimental condition (sham feeding and
real feeding; n = 12, 6 per strain) were tested for blood glucose levels after an oral gavage of
a glucose load (2 g/kg) using 8-French tubing as described previously [9]. Tail blood was
collected at 0, 30, 60, 90, and 120 minutes post glucose administration. Rats with blood glucose
over 300 mg/dl at any time post gavage or over 200 mg/dl at 120 minutes post gavage were
considered diabetic [33]. Blood was analyzed using a glucometer (Lifescan, One-Touch Basic).

2.8 Statistical Analyses
For 60-min intakes, two-way repeated measures ANOVA (rmANOVA) was performed with
strain and oil concentration as main factors. Separate one-way ANOVA was run for each oil
concentration to reveal differences between strains. Also, one-way rmANOVA was used to
analyze all cumulative 5-min intakes in both OLETF and LETO groups. There was no
significant effect of the presentation order of oil concentrations (ascending vs descending)
between strains, therefore data was pooled for statistical analysis. To determine the effect of
food deprivation, oil intake of OLETF was calculated as percent difference from LETO oil
intake for each condition and subjected to two-way ANOVA with oil concentration and
deprivation as main factors. Total intake of both oil emulsions (corn and mineral) were used
to calculate preference percentage according to the following formula: % preference = [volume
of oil type (ml) × 100/total volume of corn and mineral oil (ml)]. Post hoc tests were conducted
using Bonferonni pair wise tests. OGTT data was analyzed by one-way rmANOVA, with strain
as the main factor. All statistics were computed using Statistical Analysis Software (SAS,
version 9.1.3, SAS Institute, Cary, NC). Data were expressed as means ± SE. In all analyses,
significance was set at α < 0.05.

3. Results
3.1 Real feeding of oil emulsions

ANOVA revealed that OLETF rats consumed significantly more 50, 75, and 100% oil
emulsions during the 60 min test compared to LETO (OLETF: 50%: 8.41 ± 1.02 ml, P < 0.05;
75%: 8.66 ± 0.91 ml, P < 0.05; 100%: 5.31 ± 0.57 ml, P < 0.001; LETO: 50%: 6.00 ± 0.33 ml;
75%: 5.64 ± 0.64 ml; 100%: 2.73 ± 0.35 ml). No strain differences in intake were noted for
12.5 and 25% oil emulsions (P < 0.05). Within strain analysis showed that both strains
consumed significantly more of the lower (12.5 and 25%) than higher (50, 75, and 100%) oil
concentrations (Fig. 1). Analysis of 5-min intake intervals detected significant differences
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between strains starting at 10, 15, and 5 minutes for the 50 (P < 0.05), 75 (P < 0.01), and 100%
(P < 0.01) oils, respectively. This difference in oil consumption between strains remained at
the same level of significance until the end of the test session. At 12.5 and 25% oils, OLETF
drank significantly more than LETO at the beginning of the test, but the difference was not
maintained throughout the duration of the session (Fig. 2).

3.2 Sham feeding in non-deprived condition
Beginning five minutes after oil presentation, OLETF consumed significantly more of the 50
and 75% concentrations than LETO (P < 0.01 for each). The difference between strains
remained significant for the remainder of the test, which resulted in OLETF (50%: 8.47 ± 1.67
ml, P < 0.05; 75%: 8.80 ± 1.86 ml, P < 0.05) overconsuming both 50 and 75% oils over 60-
min relative to LETO (50%: 4.79 ± 0.69 ml; 75%: 3.25 ± 0.69 ml). In contrast, OLETF
consumed significantly less oil than LETO at the 12.5 and 25% concentrations (OLETF:
12.5%: 2.27 ± 0.50 ml, P < 0.001; 25%: 3.24 ± 0.48 ml, P < 0.0001; LETO: 12.5%: 6.06 ±
0.81 ml; 25%: 8.07 ± 1.05 ml) (Fig. 3). The difference between strains was evident at 20 minutes
for the 12.5% (P < 0.05) and 10 minutes at the 25% oil (P < 0.05 for each) (Fig. 4). Feeding
100% oil resulted in no significant differences in oil consumption between strains over 60-min.
Within strains, OLETF rats consumed significantly more of the 50 and 75% oil concentrations
compared to 12.5, 25%, and 100% concentrations (P < 0.01 for each concentration), while
LETO consumed significantly more 25% oil concentration compared to all other
concentrations tested (P < 0.01).

3.3 Sham feeding after overnight deprivation
Exposure to low oil concentrations after overnight food deprivation resulted in OLETF
consuming significantly more 12.5% oil beginning at 15 minutes (P < 0.05) compared to LETO.
This difference remained significant throughout the 60-min testing period (OLETF: 64.51 ±
8.30 ml vs. LETO: 43.81 ± 3.62 ml; P < 0.05) (Fig. 5). At higher oil concentrations (50 –
100%), although there were similar trends in intake between strains with OLETF consuming
slightly more oil, no significant differences in 60-min oil intake were detected (Fig. 6). Within
strains, both OLETF and LETO consumed significantly more 12.5 and 25% oil concentrations
compared to 50, 75, and 100% concentrations (P < 0.01 for each).

3.4 Comparisons across conditions
When oil consumption was expressed as percent change from LETO oil consumption, OLETF
rats were found to consume significantly more 75 % oil when non deprived (191.45 ± 75.20%)
compared to overnight food deprivation (21.13 ± 7.62%, P < 0.05) (Fig. 7). When non-deprived,
OLETF rats drank less of low oil concentrations (12.5 and 25%) oil compared to the deprived
condition; however, this was not found to be significant.

3.5 Preference for corn and mineral oil
Repeated measures ANOVA revealed that both OLETF (corn: 81.7 ± 8.7%; mineral: 18.3 ±
8.7% of total intake, P < 0.01) and LETO (corn: 69.8 ± 8.1 %; mineral: 30.2 ± 8.1 % of total
intake, P < 0.01) rats preferred 100% corn oil to mineral oil in non-deprived sham feeding
preference tests (Fig. 8). There were no differences in preference for oils between strains.

3.6 Oral Glucose Tolerance Test (OGTT)
Baseline (fasting) blood glucose levels between the OLETF and LETO strains were not
significantly different at any time-point post-gavage (0 min: P = 1.0; 30 min: P = 0.18; 60 min:
P = 0.32; 90 min: P = 1.0; 120 min: P = 1.0). Results of the oral glucose tolerance tested
performed at the end of the study showed that OLETF rats were prediabetic because they did
not show elevated blood glucose levels indicative of NIDDM [33].
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4. Discussion
The present study shows that obese OLETF rats feed significantly larger amounts of corn oil
at higher concentrations compared with LETO rats irrespective of whether oil was real or sham
fed. This increased consumption of high oil concentrations was significantly higher when rats
were non-deprived compared to when deprived before the test. Further, these differences in oil
consumption between strains during the feeding tests were evident as early as 5 minutes
following exposure to oil. Nevertheless, while acceptance of oils differed between strains and
conditions, we found that both OLETF and LETO preferred nutritive (corn) oil to non-nutritive
(mineral) oil. Collectively, these results demonstrate, for the first time, that OLETF rats express
increased avidity to oils and consume more oil at high concentrations compared to LETO rats.
These effects are more pronounced when they are fed ad libitum.

Intake and acceptance of oils has been shown to be stimulated by orosensory mechanisms and
inhibited through gastrointestinal feedback [34]; although gut feedback also has a stimulatory
effect on repeated consumption [6]. To examine the contribution of both oral and postoral
feedback on oil consumption in the OLETF and LETO rats we first used real feeding of different
oil concentrations. The results revealed that OLETF and LETO rats consumed similar amounts
of low (12.5 and 25%) oil concentrations; however at moderate (50%) and high (75 and 100%)
oil concentrations, OLETF rats significantly increased oil consumption compared to LETO
rats. These data indirectly support our previous findings [26], as well as Schwartz et. al [27]
showing that OLETF rats are less sensitive to the intraintestinal satiating effects of lipids.
Schwartz et. al previously found that duodenal infusion of fats decreased fatty food intake
significantly less in OLETF than LETO rats. Here, we show that OLETF rats overconsume
oils relative to LETO when post-ingestive feedback is present.

To further dissociate the oral component of oil intake from the post-oral influences, we used
a sham feeding preparation and measured increasing oil concentration intake. In our study, the
non-deprived OLETF rats’ oil intake was higher at 50 and 75% compared to LETO’s; however,
LETO drank higher amounts of 12.5 and 25% oil concentrations compared to OLETF. These
results suggest a right-shift in the preference curve in OLETF vs. LETO rats that is consistent
with the OLETF’s well documented increased appetite when feeding, non-deprived, on a high
fat diet. Whether this reflects increased or decreased sensitivity to oral fat will be discussed
below.

To determine whether changes in oil consumption based on orosensory characteristics are
driven by caloric needs, we subjected OLETF and LETO rats to an overnight food deprivation
challenge. Previous work from Mindell et al. [5] using deprived rats showed that sham oil
intakes in one-bottle acceptance tests are dependent upon concentration, with the highest
intakes occurring from 12.5 to 50% oil concentrations. Similarly, our results show that when
deprived overnight, OLETF rats significantly increase their intake of low oil concentrations
compared to LETO rats. Thus, deprivation results in an increase in sensitivity to oil, pushing
the rats to drink more of the low concentrations. OLETF rats have altered homeostatic energy
regulation, and overcompensate when food deprived [35]. The fact that OLETF’s intake of
both low and high oil concentrations were increased after deprivation, compared to non-
deprived condition suggests that their intake was driven by energy deficit as well as orosensory
factors. Another important finding is that, after overnight deprivation, sham-feeding OLETF
rats showed a pattern of eating similar to LETO controls (Fig. 5), eating more of the lower
compared to the higher concentrations of oils. The decline in sham feeding intakes as oil
concentrations increased suggests that oil palatability declined as concentration increased, a
pattern opposite to that obtained with other palatable stimuli, such as sucrose or sweeteners.
Although it is possible that our concentrations used may have prevented us from seeing a shift
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at lower concentrations that are readily consumed [36], our findings of a peak oil consumption
in the LETO are consistent with previous results over a thirty minute period [5].

Analysis of five minute cumulative intake intervals shows that the differences in real and sham
intake between strains in the fed, non-deprived condition were driven primarily by palatability.
This is based on the rationale that if sham feeding declined early in the test sessions, this would
support a palatability explanation, but if intakes declined only late in the session it would
support a satiation (oral or postingestive) explanation. Indeed, when real fed, OLETF rats drank
more oil during the first 5 to 15 min of the test session after which their intake plateaued. This
suggests that their higher intake is primarily due to increased palatability of high concentrations
of oils and/or decreased gastrointestinal feedback consistent with their hyperphagia.

When sham-feeding low concentrations (12.5 and 25%), non-deprived OLETF consumed
significantly less oil than LETO during the first 10 to 20 minutes. The difference between
strains increased slightly until 30 minutes and remained constant during the second half of the
sham feeding test. Exposure to higher oil concentrations (50, 75%) resulted in OLETF drinking
significantly more oil during the early period (5–20 min) after which the difference between
strains remained constant. Sham-feeding 100% oil resulted in both strains drinking similar
amounts during the first 5 minutes and a subsequent linear trend in intake for the remainder of
the test. These results suggest that OLETF rats exhibit a decrease in sensitivity to oils in the
absence of intestinal feedback.

When animals were overnight food deprived, the pattern of intake changed. At low
concentrations (12.5 and 25%), OLETF and LETO continually increased oil intake throughout
the 60 min period, however, OLETF consumed significantly more of the 12.5% oil than LETO.
At higher oil concentrations (50 – 75%) there were similar increases in intakes between OLETF
and LETO, with OLETF consuming more oil during the first 15 minutes. The difference in
cumulative intake between strains remained relatively unchanged over the second 30 minutes
of the feeding tests. This suggests that after overnight deprivation, OLETF rats increase oil
intake to compensate for the energy deficit, thus demonstrating the ability of detecting the
caloric value of oil in the absence of postingestive feedback. Furthermore, the observation that
oil intake trends at high concentrations were similar in OLETF and LETO rats in the deprived,
but not the non-deprived condition, suggests that food deprivation alters OLETF rats’ oral
capacity to detect oils. Thus, it appears that oral sensitivity to fats in OLETF is increased
following an overnight deprivation. While there are currently limited studies examining the
effect of food deprivation on taste sensitivity to fatty stimuli, prior research shows that during
deprivation or need-states, preference for palatable stimuli is increased [30].

It is worth noting that although the overall results from our sham feeding tests show that changes
in sensitivity to oils occur primarily early on in the test session, hence pointing to a palatability
explanation, gastric and intestinal feedback should not be excluded. It is known that a gastric
fistula does not necessarily block all food absorption [37], and that as much as 25% of sham
fed oil could be absorbed [38].

To compare cumulative 60-min oil intake exclusively within the OLETF strain across
conditions, we normalized their consumption relative to LETO rats. We found that non-
deprived OLETF rats drank significantly more of the 75% oil compared to the overnight
deprivation condition. These findings show that OLETF rats’ orosensory sensitivity to oil is
decreased when fed compared to fasted, resulting in increased intake of high oil concentrations.
Thus, when fed, OLETF rats’ increased consumption of high oil concentration may lead to a
higher susceptibility to caloric overconsumption resulting from fatty foods. Together, the
present findings from both real and sham feeding studies, in concert with previous data, show
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that when fed, decreased oral sensitivity and peripheral satiation deficits observed in OLETF
rats contribute to an increased consumption of high fat foods.

Several factors involving pathways of taste including fatty acid receptors or taste-cells
responsive to fatty acids in the oral cavity may be responsible for decreased oral sensitivity to
oils in OLETF rats. Although there are no studies examining mechanisms of fat detection in
the OLETF rats, another rodent model of hyperphagia and obesity on a HF diet expresses less
taste cells responsive to fatty acid induced depolarization than lean controls [39]. Additionally,
functional differences in fatty acid responses of DRK channels in obesity prone and obesity
resistant rat strains have been reported [40] suggesting differences in chemoreception of fats
in the taste of obese versus lean phenotypes. Thus, a decreased detection of fats in the oral
cavity may be responsible for the overconsumption of highly fatty foods by OLETF rats. It is
also important to note that these current findings are similar to our previous work showing that
OLETF rats have a decreased oral sensitivity to sugar, drinking significantly less of a 0.03 M,
but more of a 1.0 M sucrose solution than LETO controls [9]. Thus, it appears that an altered
oral sensitivity in the OLETF is more generalized to palatable nutrients and may be partly
responsible for hyperphagia in this strain. Although the underlying cause of decreased
sensitivity to peripheral satiation signals are most likely the reason for passive
overconsumption of fats in intact OLETF rats, the increased acceptance of oils at high
concentrations during sham feeding is unlikely to be caused by satiation signal deficits.
Administration of exogenous CCK inhibits sham feeding in rodents [41,42], but is easily
reversed by a CCK-1R antagonist [43,44]. However, administration of the antagonist alone
does not increase sham intake [45]. Further, there is a weak correlation between the CCK-1R
and orosensory properties of palatable foods [46,47]. Together, these observations suggest that
orosensory deficits in addition to the lack of a functional CCK-1R in OLETF rats are most
likely to be responsible for their increased consumption of high oil concentrations relative to
LETO rats.

Another possible candidate responsible for altered sensitivity to oils in OLETF rats appears to
be changes in reward functions. In outbred Sprague-Dawley rats, palatable food sources are
associated with an increased release of dopamine in brain areas associated with reward [48,
49]. Additionally, obese humans and rodents have alterations in the release or reuptake of
dopamine as well as binding of dopamine receptors [50-52]. In the absence of obesity, both
intermittent [53] and long-term [54] exposure to palatable foods modifies dopamine receptor
binding in brain areas involved in reward. CCK also has been shown to increase central release
of dopamine through CCK-1R activation [55]. Work from our laboratory shows that OLETF
rats have a compromised central dopamine system characterized by both altered receptor
binding [23] and dopamine release [22]. Additionally, OLETF rats exhibit increased lick
responses to palatable sweets even when briefly exposed to the stimulus [56], and demonstrate
altered neural responses in the pontine taste relay responsible for oral sucrose exposure [10].
Furthermore, they are more sensitive to suppression of sham sucrose intake after administration
of D2 dopamine receptor antagonism, demonstrating that OLETF rats’ increased preference
of highly palatable foods is mediated by the dopamine system [24]. Together, these data suggest
that similar to increased preference for sucrose, the overconsumption of oil in OLETF rats may
be partly due to their differential sensitivity of the reward system to palatable foods. However,
this hypothesis needs to be tested.

In an attempt to elucidate possible differences in the detection of oils and their orosensory
properties between strains, we employed two bottle preferences tests of 100% corn and mineral
oil. We found that when non-deprived, both strains were able to discriminate corn oil from
mineral oil, with each preferring corn oil. While this result is similar to what has been reported
previously in the literature [5,57], the specific underlying mechanisms are largely unknown.
However, several possible explanations have been offered that include, but are not limited, to
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olfaction, lipolytic activity in the oral cavity, and gustation. Previously, olfaction was thought
to control discrimination of oils; however, rats are able to detect solid fats mixed with chow
even after they are made anosmic [5]. Though tacticle mechanisms are correlated to detection
of fattiness of foods in humans [58], scant data exists in rodent models [59]. Taste appears to
be another pathway as well in controlling oil intake in the absence of gastrointestinal feedback.
The fatty acid transporter CD36, is located on taste receptor cells [60,61] and correlates with
increased preference for fats [62]. However, while tantalizing, this evidence is not yet
conclusive. Additional research shows fatty acids can depolarize taste cells co-localized with
CD36 [40,60]. Further, lingual lipase, which is present in rodents and infants, hydrolyzes
triglycerides to free fatty acids in the oral cavity [63]. Although this may be attractive in
explaining orosensory sensitivity to oils, orlistat, a lipase inhibitor, added to corn oil does not
abolish preference from a plain corn oil emulsion [63]. Thus, these supporting data are far from
complete to implicate it as primary controlling mechanisms of oil intake during sham feeding.

In summary our study shows that although OLETF and LETO rats exhibit equal preference
for corn over mineral oil, the OLETF overconsumes high corn oil concentrations relative to
LETO when either real or sham fed. This increase of consumption is more pronounced when
rats are non-deprived than when food deprived. Collectively, these data provide strong support
that OLETF rats’ overconsumption of oils results from both decreased intestinal sensitivity as
well as an altered orosensory sensitivity to oil which is dependent on concentration of oil and
the feeding condition of the animal.
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Fig. 1.
Real feeding of oil in OLETF and LETO rats. OLETF consumed significantly more 50, 75,
and 100% oil solutions compared to LETO. There were no strain differences in consumption
of 12.5 and 25% oil. Within strains, both OLETF and LETO consumed significantly more 12.5
and 25% oil compared to other concentrations tested (50 – 100%). Data are expressed as means
± SEM. * P < 0.05, *** P < 0.001 denotes statistical significance between strains. † denotes
statistical significance within strain, P < 0.01.
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Fig. 2.
Sixty-minute cumulative real feeding in OLETF and LETO rats. OLETF drank significantly
more oil at higher concentrations (50 – 100%) than LETO starting at 5 to 15 minutes after
presentation of oils. This significant difference was maintained throughout the 60-min feeding
test. At 12.5 and 25% oils, OLETF drank significantly more oil than LETO at the beginning
of the test session, but this difference was not maintained by the end of the test. Data are
expressed as means ± SEM. * P < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001 denotes statistical
significance between strains.
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Fig. 3.
Sham intake of oils in non-deprived OLETF and LETO rats. Compared to LETO rats, OLETF
consumed significantly more of the 50 and 75% oil and less of the 12.5 and 25% oil
concentrations. Within strain, OLETF consumed significantly more 50 and 75% oil compared
to other concentrations while LETO consumed more 25% oil concentration compared to all
other concentrations tested. Data are expressed as means ± SEM. * P < 0.05, *** P < 0.001,
**** P < 0.0001 denotes differences between strains. †P <0 .01 denotes statistical significance
within strains.
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Fig 4.
Sixty-minute cumulative sham intake in non-deprived OLETF and LETO rats. OLETF drank
significantly less of the lower oil concentrations (12.5 and 25%) compared to LETO starting
within the first 5 to 20 minutes of the test session. The difference between strains remained at
a plateau level during the second half of the feeding test. At higher oil concentrations (50 –
75%), OLETF drank significantly more oil than LETO starting at 5 minutes after the test began
and consumption remained significantly different throughout the remainder of the 60-min test.
Data are expressed as means ± SEM. * P < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001 denotes
statistical significance between strains.
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Fig. 5.
Sham oil intake in overnight food deprived OLETF and LETO rats. OLETF rats consumed
significantly more 12.5% oil than LETO. At all other oil concentrations (25 – 100%) there
were no significant differences between OLETF and LETO. Both strains consumed
significantly more 12.5 and 25% oil compared to all concentrations tested (50 – 100%). Data
are expressed as means ± SEM. * P < 0.05 denotes statistical significance between strains. † P
< 0.01 denotes statistical significance within strains.
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Fig 6.
Sixty-minute cumulative sham intake in overnight food deprived OLETF and LETO rats.
OLETF consumed significantly more 12.5% oil than LETO starting at 15 minutes of the test
session. At higher oil concentrations (50 – 75%) OLETF consumed more than LETO during
the feeding tests, but the difference between strains was not significant at the completion of
the test. During exposure to 100% oil, both strains consumed similar volumes of oil. Data are
expressed as means ± SEM. * denotes statistical significance between strains. * P < 0.05.
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Fig. 7.
Difference in oil intake (% from LETO) across sham feeding conditions. OLETF rats consumed
significantly more 75% oil in non-deprived compared to the deprived condition. There was a
trend for decreased consumption of low concentration oils (12.5 and 25%) in the non-deprived
relative to the deprived condition, but this was not significant. Data are expressed as means ±
SEM. * P < 0.05 denotes statistical significance from non-deprived condition,
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Fig. 8.
Corn and mineral oil preference after brief access two-bottle tests in non-deprived OLETF and
LETO rats. Both OLETF and LETO rats preferred corn oil to mineral oil. Data are expressed
as means ± SEM. ** P < 0 .01 denotes significant difference from mineral oil.
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