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Abstract

Lingual fatty acid receptors (i.e. CD36) mediate the orosensory perception of fat/fatty acids and
may contribute to the susceptibility to develop obesity. The current study tested the hypothesis that
fat/fatty acid preference in obesity-prone (OP, Osborne-Mendel) and obesity-resistant (OR,
S5B/PI) rats is mediated by nutritional status and lingual CD36. To determine if nutritional status
affected linoleic acid (LA) preference in OP and OR rats, rats were either fasted overnight or fed a
high fat diet (60% kcal from fat). In OR rats, fasting increased the preference for higher
concentrations of LA (1.0%), while consumption of a high fat diet decreased LA preference. In OP
rats, fasting increased the preference for lower concentrations of LA (0.25%), however high fat
diet consumption did not alter LA preference. To determine if lingual CD36 mediated the effects
of an overnight fast on LA preference, the expression of lingual CD36 mRNA was assessed and
the effect of lingual application of CD36 siRNA on LA preference was determined. Fasting
increased lingual CD36 mRNA expression in OR rats, but failed to alter lingual CD36 mRNA in
OP rats. Following an overnight fast, application of lingual CD36 siRNA led to a decrease in LA
preference in OR, but not OP rats. Lingual application of CD36 siRNA was also used to determine
if lingual CD36 mediated the intake and preference for a high fat diet in OP and OR rats. CD36
SiRNA decreased the preference and intake of high fat diet in OR rats, but not OP rats. The results
from this study suggest that the dysregulation of lingual CD36 in OP rats is a potential factor
leading to increased fat intake and fat preference and an enhanced susceptibility to develop
obesity.
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1. Introduction

The prevalence of obesity has been linked to an increase in the consumption of energy
dense, palatable foods, particularly those high in fat [1]. The intake of highly palatable foods
is a complex phenomenon that involves the processing of orosensory information by the
central nervous system [2—6]. Therefore, the role of lingual fat sensors on dietary fat
consumption has recently been investigated [2, 7-30]. Numerous studies report reduced
orosensory fat perception (i.e. hyposensitivity) in obese people [31-42]. A potential
mechanism for this hyposensitivity is the lingual CD36 receptor, which is located primarily
on the circumvallate papillae (CV) of the tongue, and is considered the fat taste receptor.
CD36 knock-out mice exhibit reduced fat preference, food intake, body weight and adiposity
[7, 15, 17, 27, 43-45]. An increase in lingual CD36 mRNA expression has been reported in
obesity-prone, Oshorne-Mendel rats, but not obesity-resistant, S5B/PI rats consuming a high
fat diet (HFD) and lingual application of CD36 siRNA reduces the preference for the
preferred concentration of linoleic acid (LA) in these models [11, 25]. In rats that are neither
obesity-prone or obesity-resistant, long-term consumption of HFD decreases lingual CD36
mMRNA and protein levels [30]. In obese people, a common variant in the CD36 gene (i.e.
SNP rs1761667-A allele) has been associated with hyposensitive orosensory fat perception
[37, 41, 46]. These studies support a role for lingual CD36 as a mediator of the orosensory
perception of dietary fat and suggest that a dysregulation of CD36 may predispose an
individual to developing obesity.

Though obesity is associated with the overconsumption of high fat foods [1, 47, 48],
differences in the susceptibility to develop HFD-induced obesity exist [18, 22, 46, 48-51].
The orosensory perception of fat is a prospective contributor to individual differences in the
susceptibility to becoming obese [11, 22, 25, 46, 49, 50, 52]. Models that differ in their
susceptibility to develop obesity, provide a valuable tool to study the dysregulation of
hedonic and homeostatic systems regulating energy intake. These models allow for the
isolation of mediators of obesity and the discovery of factors which control obesity-
resistance, making these models necessary for the development of strategies to combat diet-
induced obesity. The obesity-prone Osborne-Mendel (OP) and obesity-resistant S5B/PI (OR)
rats have been utilized to investigate behavioral, physiological and neurochemical responses
to HFD [53-61]. OP rats gain more weight and more adiposity when eating a HFD, than OR
rats when consuming the same HFD. The effects of various compounds on the intake and
preference for a HFD have been examined in these strains, as well as the effects of HFD on
alterations in hypothalamic neurochemistry, circulating hormone levels and intestinal gene
expression [53, 57, 60-65].

The goal of the current series of experiments was to test the hypothesis that fat/fatty acid
preference in OP and OR rats was mediated by nutritional status and lingual CD36. The first
experiment assessed the effects of either an overnight fast or HFD consumption on LA
preference in OP and OR rats. The second experiment assessed lingual CD36 mRNA
expression following an overnight fast in OP and OR rats and whether lingual application of
CD36 siRNA decreased LA preference following an overnight fast. The final experiment
investigated the role of lingual CD36 on HFD preference in OP and OR rats following the
lingual application of CD36 siRNA.
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2. Methods

2.1 Animals

The male obesity-prone Osborne-Mendel (OP) and obesity-resistant S5B/PI (OR) rats (8-9
weeks old) used in these studies were bred in the AAALAC approved Pennington
Biomedical Research Center vivarium. All rats were individually housed on a 12h/12h light/
dark cycle (lights on at 0700) with food and water available ad /ibitum, unless otherwise
described. All procedures were approved by the Pennington Biomedical Research Center
Institutional Animal Care and Use Committee.

2.2 Effects of fasting on linoleic acid preference

To assess the effects of fasting on linoleic acid (LA) preference, OP and OR rats were either
fasted overnight (16h) (OP n=8; OR n=7) or maintained on ad /ibitum standard laboratory
chow (Laboratory Rodent Diet 5001, 13% kilocalories from fat, 30% kilocalories from
protein, 57% kilocalories from carbohydrates; LabDiet) (OP n=8; OR n=8) and then given
access to increasing concentrations of LA. For LA preference testing, all rats were given
access to two water bottles, one bottle containing LA (in 0.3% Xanthan gum and deionized
water) and one bottle containing 0.3% Xanthan gum in deionized water, as previously
described [11, 27]. Bottle position was counterbalanced between rats to control for side
preferences and consumption was measured by weighing each bottle (g). Following access
to the LA, rats received deionized water in both bottles for a 72h washout period. LA
preference was assessed for increasing concentrations of LA (0.0025, 0.025, 0.25, 0.5, 1.0
wi/w). Testing was repeated until rats had access to all concentrations of LA. Preference for
each concentration of LA was calculated by the formula (LA solution consumed (g)/(LA
solution consumed (g) + Xanthan gum solution consumed (g))*100. In this experiment, the
fasted group had access to LA for 1h and the ad /ibitum chow fed group had access to LA
for 48h. For the ad /ibitum fed group, at 24h, solutions were replaced with fresh solutions
and bottle position was reversed to control for side preferences. The average LA preference
for the first 24h and the second 24h was determined and used as overall LA preference. A
LA preference of 50% is indicative of no preference between the solutions and suggests that
the rats are unable to significantly distinguish the LA from the Xanthan gum solution and is
therefore an indicator of orosensory perception.

2.3 Effects of high fat diet consumption on linoleic acid preference

To assess the effects of high fat diet (HFD) consumption on LA preference, OP (n=5) and
OR (n=5) rats were given ad /ibitum access to a HFD (56% kilocalories from fat, 24%
kilocalories from protein, 20% kilocalories from carbohydrates, Research Diets
#D01080902) [25] for 2 weeks or maintained on a standard chow diet prior to LA preference
testing. Increasing concentrations of LA were presented for 48h. LA concentrations and
preference assessment were described in Section 2.2.

2.4 Role of lingual CD36 on fasting-induced alterations in linoleic acid preference

To investigate the effects of fasting on lingual CD36 mRNA expression, OP and OR rats
were either fed ad /ibitum standard chow (OP n=6; OR n=6), fasted overnight (16h) (OP
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n=9; OR n=6) or fasted overnight (16h) and refed for 2h (OP n=7; OR n=7). The
circumvallate papillae of the tongue (CV) was harvested immediately following sacrifice.
For this procedure, the tongue was removed, cleaned and the epithelial layer of the tongue,
encompassing the CV, was excised using a sterile scalpel blade [11, 25]. Samples were
immediately frozen on dry ice and stored at —80°C until further processing.

In a separate group of OP (n=5) and OR (n=5) rats, RNA interference techniques were used
to decrease the gene expression of lingual CD36 as previously described [11]. To determine
if lingual CD36 regulated fasting-induced increases in LA preference, preference was
assessed following an overnight fast (16h) and access to LA began three hours following the
5t lingual CD36 siRNA application. A concentration of 0.25% LA was chosen because
fasted OP rats exhibited a higher preference for this concentration. As described in Section
2.2, OP and OR rats were given access to LA and the control solution for 1h, intake (g) was
measured and LA preference was determined. Four hours following access to LA, the CV
was harvested for assessment of lingual CD36 mRNA expression using Real Time PCR.

2.4.1 Real Time Polymerase Chain Reaction (PCR)—RNA was isolated from the
CV using Tri-Reagent (Molecular Research Ctr, Cincinnati, OH USA) and RNeasy Minikit
procedures (Qiagen, Valencia, CA USA) and based on previous experiments [11, 25]. CV
were homogenized in Tri-Reagent using a motorized tissue homogenizer, chloroform was
added to the lysate, and the mixture was centrifuged (12,000xg) in phase lock tubes to
separate RNA. Ethanol (70%) was added to the upper aqueous phase, applied to column and
filtered by centrifugation (8000xg). Following multiple washes, the samples were subjected
to an elution step using RNAase-free water. Reverse transcription was conducted using the
High-Capacity cDNA Reverse Transcriptase Kit (Applied Biosystems, Foster City, CA,
USA). For RT, 2.0ug of RNA from each sample was added to random primers (10x), dNTP
(25x), MultiScribe Reverse Transcriptase (50U/ul) and RT buffer (10x) and incubated in a
thermal cycler (MyCycler Thermal Cycler, BioRad, Hercules, CA) for 10 min at 27°C, then
for 120 min at 37°C. Primers were designed using Primer Express (Applied Biosystems,
Foster City, CA, USA). The following primers were used for CD36: 5’-
GAGGTCCTTACACATACAGAGTTCGTT-3” and 5'-
ACAGACAGTGAAGGCTCAAAGATG -3” and Cyclophilin: 5”-
CCCACCGTGTTCTTCGACAT -3 AND 5'-CTGTCTTTGGAACTTTGTCCTGCAA -3,
For Real Time PCR, SYBR Green 2x Master Mix), forward and reverse primers (10uM),
and RT product (10ng) were added to 384 well plates (ABI Prism 7900 Sequence Detection
System, Applied Biosystems). The cycling parameters consisted of an initial 2 min
incubation at 50 °C, followed by 10 min at 95 °C, then 15 sec at 95 °C, and a 1 min
annealing/extension step at 60 °C (40 cycles). The quantity of CD36 mRNA levels were
based on a standard curve and normalized to cyclophilin levels.

2.4.2 Lingual CD36 siRNA application—CD36 siRNA was commercially designed and
processed for /in vivo use (Dharmacon, Inc./Thermo Fisher Scientific, Chicago, IL).
Additionally, a non-targeting sequence (SIGENOME Non-Targeting siRNA) was used as a
control. siRNA was prepared as suggested by manufacturer prior to use. For application of
SiRNA, rats were anesthetized with isoflurane (1.5-3% in oxygen) between 0900-1000h.
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Once anesthetized, the rats were placed on their side, their mouth was opened and large
forceps were placed in their mouths, just behind their teeth in order to keep the mouth open
during siRNA application. The tongue was gently extended forward until the CV was
visualized. For application of siRNA, 5ul of siRNA was slowly pipetted onto the most
caudal ¥4 region of the tongue in a circular pattern. The mouth remained open for 3-5 min to
allow for absorption of the siRNA. Following this procedure, rats were returned to their
home cage. This process was repeated for 5 consecutive days at the same time of day as
previously described [11].

2.5 Effects of lingual CD36 siRNA on high fat diet preference

RNA interference was used to investigate the effects of decreased lingual CD36 mRNA on
HFD preference and HFD intake in OP and OR rats (OP/siRNA n=8; OP/CTRL n=7; OR/
SiRNA n=8; OR/CTRL n=7). OP and OR rats were habituated to a non-pelleted HFD (56%
kilocalories from fat) and a non-pelleted low fat diet (LFD, 10% kilocalories from fat, 24%
kilocalories from protein, 66% kilocalories from carbohydrates, Research Diets
#D01080901) in food jars for 2 weeks prior to sSiRNA application [25, 66]. Jar position was
counterbalanced daily to discourage the development of place preferences. Lingual CD36
siRNA application was conducted as described in Section 2.4.2. Food intake (jar weight and
spillage) was measured daily during CD36 siRNA application and for 6 days following
CD36 siRNA application. A subset of CV samples were assessed for siRNA-induced
decreases in lingual CD36 protein expression as previously described [11].

2.5.1 Protein isolation and Western Blot—Excised CV (n=2/group) were incubated
on ice in RIPA buffer (Sigma-Aldrich, St. Louis, MO) containing 1:100 protease inhibitor
(Sigma-Aldrich), and 1:100 phosphatase inhibitor (Sigma-Aldrich) for protein isolation.
Protein concentrations were assessed using a BCA protein assay kit (Pierce/Thermo Fisher
Scientific, Rockford, IL). For the Western Blot, equal amounts of protein (25 ug) were
separated on a 10% Tris-Hepes-SDS premade gel (Pierce/Thermo Fisher Scientific) and
transferred to a PVDF membrane (Amersham, Amersham, UK) as indicated by the
manufacturer. The membrane was then blocked in TBS (20 mM Tris-Base, 150 mM NaCl,
pH 7.6) containing 5% nonfat dry milk overnight at 4°C. On Day 2, the membrane was
incubated for 1h with primary antibody for CD36 (1:500; Abcam) and were normalized to
B-actin (1:1000; Abcam). The membrane was washed with TBS containing 5% nonfat dry
milk and three times with TBS containing .05% Tween-20 for 15min. Following washing,
the membrane was incubated for 45min with horseradish peroxidase-conjugated anti-rabbit
antiserum (1:10,000, Abcam). Immunoreactivity was visualized using ECL Western blotting
detection reagents (Amersham). Images were obtained using exposure to
chemiluminescence film (Amersham). The specific taste bud marker, a-gustducin (1:500,
Santa Cruz) was systematically assessed in this study to validate the purity of the
circumvallate papillae preparation (data not shown). Bands were quantified using ImageJ
densitometry.

2.6 Statistical Analyses

In the first and second experiments (Sections 2.2 & 2.3), data was analyzed to determine the
effects of nutritional status on the preference for LA across multiple concentrations using a
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repeated measures ANOVA. In the third experiment (Section 2.4), lingual CD36 mRNA
expression was analyzed using a one-way ANOVA across nutritional status, a repeated
measures ANOVA was used to assess the effects of lingual CD36 siRNA on LA preference
over time and Student’s t-test was used to determine if CD36 siRNA altered lingual CD36
MRNA levels. A repeated measures ANOVA was used to determine if lingual CD36 siRNA
altered HFD preference, total food intake (kcal), HFD intake (kcal) and LFD intake (kcal)
across time in the fourth experiment (Section 2.5). In this experiment, lingual CD36 protein
levels were assessed using a Student’s t-test. Based on previous demonstrations of inherent
and diet-induced differences between OP and OR rats, and the goals of the current study, OP
and OR rats were not directly compared. A Bonferonni post-hoc test was used to determine
differences at single time points and LA concentrations. A significance level of p<.05 was
used for all tests.

3.1 Effects of fasting on linoleic acid preference

OP and OR rats underwent an overnight fast or received chow ad /ibitum and LA preference
was determined. A repeated measures ANOVA revealed a significant effect of LA
concentration in OP (F=11.4, p<.01) and OR (F=11.9, p<.01) rats, suggesting that LA
preference was affected by LA concentration (See Figures 1A, 1B). Post-hoc tests indicated
that fasting increased 0.25% LA preference in OP rats, compared to ad /ibitum chow fed OP
rats. In OR rats, fasting significantly increased the preference for 1.0% LA acid, compared
to the ad /ibitum fed OR rats, suggesting that the preference for higher concentrations of LA
was potentiated by fasting.

3.2 Effects of high fat diet consumption on linoleic acid preference

OP and OR rats were fed a HFD or maintained on a chow diet for 2 weeks prior to
measuring the preference for increasing concentrations of LA (See Figures 1C, 1D). A
repeated measures ANOVA across all concentrations of LA indicated that OP rats
significantly altered their preference for LA as the concentration of LA increased (F=4.9.
p<.01). However, the preference for LA preference was not affected by HFD intake. In OR
rats, a significant interaction between LA concentration and HFD intake was detected (F =
2.8, p<.05). The consumption of HFD decreased the preference for higher concentrations of
LA (0.5% and 1.0%) in OR rats. The preference for 1.0% LA was below 50% (37.2 + 6.2%,
mean + SEM) in OR rats consuming HFD, suggesting an aversion to the highest
concentration of LA tested.

3.3 Role of lingual CD36 on fasting-induced alterations in linoleic acid preference

The effects of an overnight fast and refeeding on lingual CD36 mRNA were measured in OP
and OR rats (See Figures 2A, 2B). Lingual CD36 mRNA expression in OP rats was not
affected by the overnight fast. However, fasting increased lingual CD36 mRNA levels in OR
rats and refeeding attenuated this increase (F=6.5, p<.01). To determine the functional
significance of lingual CD36 in fasting-induced alterations in LA preference, lingual CD36
SiRNA was applied to the CV and preference for 0.25% LA was determined at 1h, 2h and 4h
in OP and OR rats (See Figures 2C, 2D). Application of lingual CD36 siRNA did not affect

Physiol Behav. Author manuscript; available in PMC 2018 May 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Braymer et al.

Page 7

0.25% LA preference in OP rats at any time point. In OR rats, an interaction was detected
between time and CD36 siRNA (F = 7.4, p<.01). Lingual CD36 siRNA application in OR
rats decreased 0.25% LA preference at 1h. Following the LA preference test, lingual CD36
MRNA was measured to verify a siRNA-induced decrease in CD36 expression (See Figures
2E, 2F). Application of CD36 siRNA did not decrease lingual CD36 mRNA in OP rats,
however, a moderate decrease in lingual CD36 mRNA in the OR rat was detected. Since
siRNA application in OR rats decreased CD36 mRNA expression by 75.2 = .04% (p = .14)
(mean £ SEM), the lack of statistical significance is likely due to the variability in the OR
control group.

3.4 Effects of lingual CD36 siRNA on high fat diet preference

RNA interference was used to determine if lingual CD36 mediated HFD preference. Daily
intake of LFD and HFD was assessed and total food intake and HFD preference were
determined for the 5 days of siRNA application and for 6 days post-siRNA application. In
OR rats, a significant day x siRNA interaction was detected for HFD preference (F=2.2, p<.
05, See Figure 3A). CD36 siRNA decreased HFD preference in OR rats on SiRNA
application day 2 and post-siRNA days 1, 2, 3, 5, and 6. In OP rats, a main effect for day
was detected (F=4.3, p<.01, See Figure 3B). CD36 siRNA decreased HFD preference on day
2 of siRNA application in OP rats. In OR rats, a significant interaction between days and
siRNA was detected for HFD intake (F=1.9, p<.05, See Figure 3C). Lingual CD36 siRNA
decreased HFD intake on siRNA application day 2 and post-siRNA days 1, 2, 3, 5, and 6. In
OP rats, HFD intake differed across days (F=4.4, p<.01, See Figure 3D) and CD36 siRNA
decreased HFD intake on day 2 of siRNA application. An interaction between days and
SiRNA were detected for LFD intake in OR rats (F= .9, p<.05, See Figure 3E). CD36 siRNA
increased LFD intake in OR rats at day 2 of siRNA application and at post-siRNA days 1, 3,
5, and 6. In OP rats, LFD intake differed across days (F=3.9, p<.01, See Figure 3F) and was
decreased by CD36 siRNA only on siRNA application day 2. Total food intake differed
across days in OR (F=3.0, p<.01, data not shown) and OP rats (F=5.5, p<.01; data not
shown), but was not affected by CD36 siRNA. Lingual protein expression of CD36 was
assessed 6 days post-siRNA application. CD36 siRNA reduced lingual CD36 protein by
19.4 +0.1% in OR rats and 31.0 + 0.2% in OP rats, but these values did not reach statistical
significance (data not shown).

4. Discussion

The intake of energy dense, highly palatable foods has been linked to the increased
prevalence of obesity throughout the world. Recent studies have shown that the orosensory
perception of dietary fat is an important factor in mediating fat intake [2, 7-14, 16-22, 24—
30, 67]. Differences in the orosensory fat perception may also influence the susceptibility to
develop diet-induced obesity [11, 22, 25, 46, 49, 50, 52, 68]. The current study examined
differences in the orosensory perception of fat/fatty acids in models that are either prone to
developing obesity (OP) or resistant to developing obesity (OR). These specific models
(Oshorne-Mendel and S5B/PI) have been well characterized and previous studies have
reported differences in fat intake and preference, HFD-induced expression of lingual CD36,
and LA preference thresholds [11, 25, 57]. OP rats consume more HFD and have a higher
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preference for HFD than OR rats. The lingual fatty acid receptor, CD36, may mediate intake
and preference for HFD in OP and OR rats, since HFD intake for 3 and 14 days increases
lingual CD36 mRNA in OP rats, but not in OR rats, suggesting differences in the response to
HFD [25]. Furthermore, OP rats prefer higher concentrations of LA than OR rats and the
preference threshold for LA is higher in OP rats [11]. Lingual application of CD36 siRNA
was sufficient to eliminate the preference for the “preferred” concentration of LA in both OP
and OR rats [11].

The goal of the current series of experiments was to test the hypothesis that fat/fatty acid
preference in OP and OR rats was mediated by nutritional status and lingual CD36. The first
experiment assessed the effects of an overnight fast or HFD consumption on LA preference
in OP and OR rats. Fasting was expected to increase the preference for LA and consumption
of a HFD was expected to decrease the preference for LA. As hypothesized, in OR rats, an
overnight fast increased the preference for the highest concentration of LA tested (1.0%, See
Figure 1A). However, in OP rats, an overnight fast increased the preference for 0.25% LA,
which resulted in similar preference thresholds for 0.25%, 0.5% and 1.0% LA (See Figure
1B). Interestingly, fasting did not increase the preference for 1.0% LA in OP rats, which
may be due to a ceiling effect, since LA preference did not exceed 82% preference in OP or
OR rats, irrespective of LA concentration, in the current study or in a previously published
study [11]. Also, as hypothesized, consumption of HFD decreased the preference for the
higher concentrations of LA (See Figure 1C) in OR rats. The preference for the highest
concentration of LA tested was less than 50%, suggesting that the OR rats avoided that
concentration of LA when consuming the HFD. In OP rats, HFD intake did not alter LA
preference at any concentration (See Figure 1D). These results were not due to higher intake
of HFD in OR rats, since the average intake of HFD during access to 1.0% LA was higher in
OP rats (15.9 = 0.3g) compared to OR rats (14.2 + 0.5g). Though the preference for LA was
not directly assessed between the fasted and HFD fed groups, the OR rats exhibited a
significant adaptation to nutritional status (1.0% LA preference, ad lib chow: 62.8+4.7%,
fasted: 78.9+4.8%, HFD: 37.2+6.2%), while the OP rats do not exhibit a significant adaption
to nutritional status (1.0% LA preference, ad lib chow: 76.2+2.8%; fasted: 80.5+7.3%, HFD:
62.2+7.7%). Future studies should investigate the relationship between fasting and HFD
intake on LA preference thresholds. In this study, OR rats were susceptible to changes in
nutritional status and exhibited a homeostatic adaptation, while OP rats were not able to
adapt to nutritional status and alter LA preference. This lack of compensation for nutritional
status in OP rats may play a role in their increased fat intake and fat preference.

Previous studies have reported fasting-induced increases in lingual CD36 mRNA expression
[21], which may mediated increased fat intake and preference. The second experiment was
designed to test the hypothesis that lingual CD36 mediates fasting-induced LA preference in
OP and OR rats. Fasting-induced changes in lingual CD36 mRNA expression were assessed
and the effects of experimentally reduced expression of lingual CD36 on LA preference
were determined. Following an overnight fast, CD36 mRNA levels were increased in OR
rats, but not in OP rats (See Figure 2A). Lingual application of CD36 siRNA, which has
previously been shown to reduce lingual CD36 mRNA and protein expression [11],
decreased LA preference in OR rats, but not OP rats. These results suggest a decrease in the
orosensory perception of LA following application of lingual CD36 siRNA in OR rats. The

Physiol Behav. Author manuscript; available in PMC 2018 May 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Braymer et al.

Page 9

transient effects of CD36 siRNA on LA preference may be due to the post-ingestive effects
of LA consumption or confounded by LA-induced changes in lingual CD36 expression.
CD36 siRNA reduced lingual CD36 mRNA levels by 75% in OR rats, however this was not
statistically significant (See Figure 2E). These results may have been influenced by the
consumption of LA, which increased the variability in the control group. In OP rats, fasting
did not increase lingual CD36 mRNA expression, and though fasting increased the
preference for 0.25% LA in OP rats, lingual CD36 siRNA application did not decrease LA
preference and did not alter lingual CD36 mRNA expression. In a separate group of ad
libitum, chow fed rats a similar expression pattern was detected in which lingual CD36
siRNA application produced a 64.8% decrease in CD36 mRNA in OR rats without altering
CD36 mRNA expression in OP rats (data not shown). Taken together, these results suggest
that lingual CD36 mediates LA preference in OR rats, but not in OP rats and that
dysregulation of lingual CD36 in OP rats may account, at least in part, for their increased fat
preference and decreased compensation for altered nutritional status.

An increased preference for dietary fat and an increased consumption of fat intake is related
to the increased rates of obesity and are a defining characteristic of this OP model.
Therefore, the goal of the third experiment was to assess the functional role of lingual CD36
on fat preference in OP and OR rats using a two diet choice test. HFD and LFD intake were
measured during lingual CD36 siRNA application (5 days) and for 6 days following SiRNA
application. Interestingly, a transient effect of lingual CD36 siRNA on HFD preference,
HFD intake and LFD intake was detected in both OP and OR rats on the 2nd day of CD36
SiRNA application. In OP rats, there were no other effects of CD36 siRNA on HFD
preference, HFD intake or LFD intake (See Figures 3B, 3D, 3E). OR rats were responsive to
lingual CD36 siRNA application and a CD36 siRNA-induced decrease in HFD preference
and HFD intake was detected in 5 of the 6 post-applications days (See Figures 3A, 3C). LFD
intake was increased in 4 of the 6 post-siRNA application days in OR rats. These data
suggest that OR rats are responsive to changes in lingual CD36 and that CD36 mediates the
orosensory perception of dietary fat in OR rats. As seen with LA preference, OP rats are not
responsive to changes in lingual CD36, suggesting a dysregulation in orosensory perception
by CD36 which may contribute to their susceptibility to develop obesity.

The overall goal of the current study was to examine the role of lingual CD36 and nutritional
status on fat/fatty acid preference in OP and OR rats. The results from this study suggest that
rats that are prone to developing obesity (OP) rats were hypo-responsive to changes in
nutritional status and were unable to adapt to either fasting or HFD intake by altering LA
preference. Rats that are resistant to developing obesity (OR) were responsive to changes in
nutritional status and adjusted their LA preference to reflect a homeostatic adaptation. The
hypo-responsiveness to nutritional status in OP rats may contribute to the enhanced
susceptibility to developing obesity in this strain. Lingual CD36 is considered the primary
fat taste receptor and mediates fat intake. Fasting led to an increase in lingual CD36 mRNA
in OR rats, which was attenuated by refeeding. Additionally, CD36 siRNA decreased LA
preference in fasted OR rats, suggesting that the adaptation to nutritional status is mediated
by lingual CD36 in OR rats. Lingual CD36 mRNA expression was not affected by fasting in
OP rats and when CD36 siRNA was applied, LA preference was not affected. Furthermore,
lingual application of CD36 siRNA produced a robust decrease in HFD intake and
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preference in OR rats, but not in OP rats. Taken together, these data suggest that OP rats do
not alter their fat preference based on nutritional status or changes in lingual CD36 levels.
Since reducing lingual CD36 in OR rats is sufficient to reduce fat preference and intake in
OR rats, we hypothesize that a dysregulation of lingual CD36 in OP is a potential factor
leading to increased fat intake, fat preference, weight gain and the susceptibility to develop
obesity.
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Highlights
Nutritional status affects linoleic acid preference in OR rats.
Lingual CD36 mRNA levels are not increased by fasting in OP rats.
Application of CD36 siRNA reduces linoleic acid preference in OR rats.
Application of CD36 siRNA decreased fat intake and preference in OR rats.

Fat preference in OP rats is not affected by nutritional status or lingual CD36.
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Figure 1.
Linoleic acid preference was determined following an overnight fast or high fat diet

consumption A. Fasting increased preference for 1.0% LA in Obesity-Resistant rats. B.
Fasting increased the preference for 0.25% LA in Obesity-Prone rats. C. Consumption of
high fat diet decreased the preference for 0.5% and 1.0% LA in Obesity-Resistant Rats. D.
High fat diet intake did not affect LA preference in Obesity-Prone rats. Data is shown as
mean + SEM, n=8-10 rats/group, *p<.05 vs. chow fed.
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Figure 2.
The role of lingual CD36 on linoleic acid preference was assessed. A. Fasting-induced

increases in lingual CD36 mRNA expression were attenuated by refeeding in Obesity-
Resistant rats. B. In Obesity-Prone rats, fasting did not alter lingual CD36 mRNA
expression. C. Lingual application of CD36 siRNA decreased LA preference in Obesity-
Resistant rats. D. In Obesity-Prone rats, lingual application of CD36 siRNA did not alter LA
preference. E. CD36 siRNA application led to a moderate decrease in lingual CD36 mRNA
expression in Obesity-Resistant rats. F. Lingual application of CD36 siRNA did not decrease
CD36 mRNA levels in Obesity-Prone rats. Data is shown as mean £+ SEM, n=6-9 for A, B;
n=5 C-F, * p<.05.
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The role of lingual CD36 on high fat diet preference was assessed. A. Lingual application of

CD36 siRNA decreased HFD preference in Obesity-Resistant rats. B. Lingual application of
CD36 siRNA produced a transient decrease in HFD preference in Obesity-Prone rats. C.
HFD intake (kcal) was decreased by CD36 siRNA in Obesity-Resistant rats. D. HFD intake

was transiently decreased by CD36 siRNA in Obesity-Prone rats. E. LFD intake (kcal) was

increased in by CD36 siRNA in Obesity-Resistant rats. F. LFD intake was transiently
increased by CD36 siRNA in Obesity-Prone rats. Data is shown as mean + SEM, n=7-8, *
p<.05 vs. control siRNA.
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