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Abstract

The post-oral actions of glucose stimulate intake and condition flavor preferences in rodents. 

Hypothalamic melanin-concentrating hormone (MCH) neurons are implicated in sugar reward, 

and this study investigated their involvement in glucose preference conditioning in mice. In Exp. 1 

MCH receptor 1 knockout (KO) and C57BL/6 wildtype (WT) mice learned to prefer 8% glucose 

over an initially more-preferred non-nutritive 0.1% sucralose + saccharin (S+S) solution. In 

contrast, the KO and WT mice preferred S+S to 8% fructose, which is consistent with this sugar’s 

weak post-oral reinforcing action. In Exp. 2 KO and WT mice were trained to drink a flavored 

solution (CS+) paired with intragastric (IG) infusion of 16% glucose and a different flavored 

solution (CS−) paired with IG water. Both groups drank more CS+ than CS− in training and 

preferred the CS+ to CS− in a 2-bottle test. These results indicate that MCH receptor signaling is 

not required for flavor preferences conditioned by the post-oral actions of glucose. This contrasts 

with other findings implicating MCH signaling in other types of sugar reward processing.
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 1. Introduction

It is well documented that sugar appetite in rodents is determined by both the oral and post-

oral actions of sugars [21]. In the mouth, sugars stimulate the T1R2/T1R3 sweet receptors 

that, via gustatory nerve connections to the brain, activate brain dopamine and opioid 

systems that mediate sweet taste reward [6]. Once ingested, sugars also stimulate post-oral 

sensors that enhance the reward value of the nutrient in part by activating the brain dopamine 
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system [6,27]. Recent findings indicate that intestinal sodium-glucose transporters (SGLTs), 

which also function as glucose sensors (“transceptors”), are critically involved in post-oral 

stimulation of sugar appetite, a process referred to as appetition [19,25,40]. Other evidence 

suggests that glucose sensors in the hepatic-portal region contribute to sugar reward [16]. 

How stimulation of these pre- and post-absorptive sugar glucose sensors signal the brain 

circuits that modulate sugar reward is not clear. A recent study implicates melanin-

concentrating hormone (MCH) neurons in the lateral hypothalamus as a critical link in the 

activation of the brain dopamine reward system by the post-oral actions of sucrose [7]. In 

this study, mice were given choice tests with 0.4 M sucrose, which has post-oral reward 

effects, and 1.5 mM sucralose, a non-nutritive sweetener which has a less preferred taste at 

the concentration selected and no post-oral reward actions. The mice strongly preferred 

sucrose to sucralose in two-bottle tests. However, when sucralose consumption was linked to 

optogenetic stimulation of MCH neurons, which stimulated striatal DA release, the mice 

preferred sucralose to sucrose. This was taken as evidence that optogenetic activation of 

MCH neurons mimics the post-oral actions of sucrose on the dopamine reward system. 

Conversely, mice with targeted lesions of MCH neurons did not prefer sucrose to sucralose 

which, according to Domingos et al. [7], occurred because post-oral sucrose reward was 

blocked. These findings are consistent with other results implicating the MCH system in 

sugar reward [3,4,9,13,15,18,38]. However, as noted by Domingos et al. [7], their findings 

obtained with MCH neuron activation or ablation do not establish whether it was the MCH 

peptide per se or other neurotransmitters (e.g., GABA [12], glutamate [5], or other peptides 

such as CART or Nesfatin [36]) released by MCH neurons that modulate post-oral sugar 

reward effects.

The present study investigated the role of MCH peptide signaling in post-oral sugar 

appetition using MCH-R1 knockout mice (KO) which are missing the MCH-R1 receptor, the 

only functional MCH receptor in rodents [33]. MCH-R1 KO mice are deficient in learning a 

conditioned reinforcement response to a sucrose-paired stimulus and fail to overeat in 

response to a sucrose-paired cue [30,31]. These deficits, however, do not necessarily indicate 

that the KO mice are insensitive to the post-oral reinforcement actions of sugar. To address 

this issue, we compared the ability of MCH-R1 KO mice and wildtype (WT) mice to acquire 

a preference for glucose or a glucose-paired flavor using two different conditioning 

paradigms. Glucose rather than sucrose was used in these studies because it is primarily 

responsible for the post-oral reward actions of sucrose, which is a glucose + fructose 

disaccharide.

 2. Experiment 1. Learned preference for nutritive sugar over non-nutritive 

sweetener

Like Domingo et al. (2013), we have investigated post-oral sugar appetition by comparing 

the preferences for nutritive sugars vs. non-nutritive sweeteners [26,28,29]. In our studies, 

however, mice were offered an initially preferred non-nutritive sweetener solution and a less 

preferred sugar solution, and experience-induced changes in sweetener preference were 

assessed. We observed that naive C57BL/6J (B6) mice significantly preferred a mixture of 

0.1% sucralose and 0.1% saccharin (S+S) to 8% sucrose, glucose, and fructose solutions in 
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brief two-bottle taste tests [29]. However, after separate 2-day tests with the S+S and sugar 

solutions, the mice displayed strong preferences for sucrose and glucose over S+S but they 

continued to prefer S+S to fructose [14,28,29]. These findings are consistent with the ability 

of intragastric (IG) sucrose and glucose infusions, but not fructose infusions, to condition 

significant preferences for a flavored saccharin solution [20,23,24,26]. In the present 

experiment, we compared the preferences of MCH-R1 KO and WT mice for S+S over 

glucose and fructose solutions. If MCH-R1 receptor signaling is critical for post-oral glucose 

appetition, then KO mice, unlike WT mice, should prefer S+S to glucose as well as to 

fructose after experience with the different sweeteners.

 2.1. Methods

 2.1.1. Animals—Adult MCH-R1 KO mice (10 male, 10 female) and B6 WT mice (10 

male, 10 female) were singly housed in tub cages in a room with a 12 h light-dark cycle. The 

generation of the MCH-R1 KO mice on a C57BL/6 background has been previously 

described [2,31]. The genotype status of the MCH-R1 KO and WT mice was confirmed by 

real-time PCR of ear biopsies (Transnetyx, Cordova, TN). The animals were given ad 

libitum access to chow (LabDiet Standard Laboratory Rodent Diet #5001, PMI Nutrition 

International, Brentwood, MO) and water except where noted.

 2.1.2. Test Solutions—Sugar solutions (8%) were prepared using food-grade glucose 

and fructose (Tate and Lyle, Honeyville Food Products, Rancho Cucamonga, CA) dissolved 

in deionized water. The noncaloric sweetener solution (S+S) was prepared using 0.1% 

sucralose (Tate & Lyle, Dayton, OH) and 0.1% sodium saccharin (Sigma-Aldrich, St. Louis, 

MO). B6 mice significantly prefer the S+S solution to 8% glucose and fructose in 1-min 

two-bottle tests, suggesting that it has a “sweeter” taste than the sugar solutions [29]. The 

solutions were available through stainless steel sipper spouts attached to 50-ml plastic tubes 

that were placed on the grid top of the cage and fixed in place with clips. Fluid intakes were 

measured to the nearest 0.1 g by weighing the drinking bottles on an electronic balance. 

Intakes were corrected for spillage, which was estimated by recording the change in weight 

of two bottles that were placed on an empty cage.

 2.1.3. Procedure—The mice were adapted to home cages with two water bottles and ad 

libitum chow for 1 week. Two groups each of KO and WT mice (5 males and 5 females in 

each group) were tested with 8% glucose and fructose. They were given a series of 2-day, 

two-bottle choice tests as follows: Test 1 (days 1–2) sugar vs. 0.1% S+S, Test 2 (days 3–4) 

sugar vs. water, Test 3 (days 5–6) S+S vs. water, and Test 4 (days 8–9) sugar vs. S+S. The 

mice were given water only on day 7 between Tests 3 and 4. Water was available in Tests 2 

and 3 so that the animals were not forced to drink the sweetener, but they consumed little or 

no water in these tests. The left–right position of the sweetener and water bottles were 

switched from the first to second day of each test.

 2.1.4. Data Analysis—Daily solution intakes were averaged over the 2 days of each 

test, and sweetener preferences were expressed as percent solution intakes (e.g., glucose 

intake/total intake x 100). Intakes were analyzed using a mixed model analysis of variance 

(ANOVA) with test and solution as repeated factors. A second ANOVA included results 
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from Tests 2 and 3, and compared the intakes of each sweetener vs. water within groups. 

Percent sweetener intakes within groups were analyzed with t-tests. Additional between 

group ANOVAs were performed as described below.

 2.2. Results

The KO and WT Glucose groups consumed somewhat more sugar than S+S in Test 1 but 

substantially more glucose in Test 4 (Sweetener x Test interaction, F(1,18) = 72.9, P < 

0.001) (Figure 1). The groups did not differ significantly in their sweetener intakes or 

preferences, although the WT but not the KO group consumed more (P < 0.05) glucose than 

S+S in Test 1. Overall, glucose preferences increased from 55% in Test 1 to 96% in Test 4 

(F(1,18) = 33.0, P < 0.001). A closer analysis of Test 1 revealed that, overall, the mice 

increased their percent glucose intakes from 36% on day 1 of the test to 67% on day 2 and 

the KO and WT mice showed parallel increases in sugar preference (F(1,18) = 19.4, P < 

0.001). This suggests that during the 2-day test the mice were learning to prefer glucose to S

+S based on the sugar’s post-oral reinforcing actions. In the sweetener vs. water Tests 2 and 

3, the KO and WT glucose groups consumed substantially more sugar and S+S than water 

(F(1,18) = 554.4, P < 0.001) and consumed more than twice as much glucose as S+S 

(F(1,18) = 134.5, P < 0.001). Percent glucose intake also exceeded percent S+S intake (98% 

vs. 94%, F(1,18) = 30.3, P < 0.001).

Overall, the KO and WT Fructose groups consumed substantially more S+S than fructose in 

both Tests 1 and 4 (F(1,18) = 279.7, P < 0.001) and their intake of the two solutions did not 

change from the first to last test (Figure 2). The percent fructose intakes decreased from Test 

1 to 4 (F(1,18) = 6.8, P < 0.05). Overall, the KO mice consumed more S+S than did the WT 

mice in the two tests (F(1,18) = 7.4, P < 0.05). In Tests 2 and 3, the KO and WT mice 

consumed more fructose and S+S than water (F(1,18) = 819.4, P < 0.001) and more S+S 

than fructose (F(1,18) = 22.4, P < 0.01). Percent fructose and S+S intakes were similar, 

however (97–98%). The KO mice consumed more of both sweeteners than did the WT mice 

in Tests 2 and 3 (F(1,18) = 7.2, P < 0.05).

These findings confirm prior results with B6 mice, and indicate that deletion of the MCH-R1 

receptor does not alter the learned preference for glucose over S+S or the persistent 

preference for S+S over fructose.

 3. Experiment 2. Flavor conditioning by IG glucose infusions

The strong glucose preference displayed by the KO mice in Experiment 1 following separate 

experience with glucose and S+S indicates that MCH receptor signaling is not required for 

post-oral glucose appetition. Experiment 2 sought direct evidence for this interpretation 

using the IG sugar conditioning procedure. Our prior studies demonstrate that B6 mice 

trained to drink a flavored saccharin solution (CS+) paired with IG self-infusions of 16% 

glucose increased their CS+ intake and acquired a significant preference for the CS+ flavor 

over an alternate flavor (CS−) paired with IG water infusions [26,39,41]. In Experiment 2 

we compared the flavor conditioning response of MCH-R1 KO and B6 WT mice to IG self-

infusions of 16% glucose. The IG glucose infusion was diluted in the stomach by the orally 
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consumed CS+ solution to an 8% solution, the sugar concentration studied in the first 

experiment.

 3.1. Method

 3.1.1. Animals—Adult MCH-R1 KO mice (7 male, 5 female) and B6 WT mice (7 male, 

5 female) were housed as in Experiment 1. They were fed lab chow (5001) or, when food 

restricted, fixed-size chow pellets (0.5 or 1 g, F0171, F0173; Bio-Serv, Frenchtown, NJ) that 

allowed for precise adjustment of daily food rations.

 3.1.2. Surgery—The mice were anesthetized with 2% isoflurane inhalation and fitted 

with a gastric catheter, as described previously [23]. Two weeks after surgery, the animals 

were briefly (5 min) anesthetized with isoflurane, fitted with a harness and a spring tether 

(CIH62; Instech Laboratories, Plymouth Meeting, PA), and transferred to infusion test 

cages.

 3.1.2. Apparatus—IG infusion training and testing were conducted in plastic test cages 

fitted with two sipper spouts attached to glass drinking tubes [23]. The sipper spouts were 

interfaced via electronic lickometers to a computer that operated a syringe pump which 

infused liquid into the gastric catheters as the animals licked; the oral-to-infusion intake ratio 

was maintained at ~1:1. The pump rate was nominally 0.5 ml/min, but the overall infusion 

rate and volume was controlled by the animal’s licking behavior. Daily oral fluid intakes 

were measured to the nearest 0.1 g, and IG infusions were recorded to the nearest 0.5 ml.

 3.1.3. Test solutions—The mice were initially trained to drink in the infusion cages 

using unflavored saccharin solutions; initially the saccharin concentration was 0.025% but it 

was increased to 0.04% on the last pre-training session to stimulate intakes adequate for 

conditioning (see Table 1). The mice were then trained for the remainder of the experiment 

with flavored solutions (CS) containing 0.04% saccharin and distinctive odor cues (0.02% 

ethyl acetate or propyl acetate; Sigma) [32,42]. During training, the CS− solution was paired 

with IG infusion of water while the CS+ solution was paired with IG infusion of 16% 

glucose (Honeyville Food Products). For half the animals the CS− solution contained ethyl 

acetate and the CS+ solution contained propyl acetate; the flavors were reversed for the 

remaining animals.

 3.1.4. Procedure—Two weeks after surgery the mice were water restricted (1 h/day) 

and trained in the infusion cages to drink unflavored saccharin paired with matched IG 

infusions of water for two 1 h/day sessions. They were then switched to a food restriction 

schedule that maintained them at ~90% body weight by giving them limited food rations 

daily. Another four 1/h day sessions were run with unflavored saccharin paired with IG 

water infusions (Table 1).

The mice were given one-bottle training sessions (1 h/day) with the CS− flavored saccharin 

solution paired with IG water (days 1–3) and CS+ flavored saccharin solution paired with IG 

glucose (days 4–6). This was followed by four alternating 1-h/day sessions with the CS− 

(days 7 and 9) and CS+ (days 8 and 10) paired with their respective IG infusions (Table 1). 

These alternating sessions were designed to enhance the ability of the mice to discriminate 
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between the CS− and CS+ flavors in the two-bottle test sessions. In the final CS− and CS+ 

training sessions a second sipper tube containing water, not paired with IG infusions, was 

available to familiarize the mice to the presence of two sipper tubes in the subsequent two-

bottle test. A two-bottle choice test was conducted on days 11 and 12 (1 h/day) with the CS+ 

vs. CS− solutions without IG infusions. The left-right positions of the CS+ and CS− 

solutions were counterbalanced throughout training and testing. This training/test series was 

based on our prior studies [26,28,40,41].

 3.1.5. Data analysis—Licks and total intakes (oral + IG infusate) during the last two 

CS− sessions were averaged. The data from these two sessions, referred to as CS− Test 0, 

and the licks and intakes during the subsequent three CS+ sessions (Tests 1–3) were 

analyzed using a mixed-model ANOVA with a group factor (KO, WT) and repeated-

measures factor (Tests 0–3). The mean CS− and CS+ licks during the alternating one-bottle 

sessions and the two-bottle test were compared in separate ANOVAs.

 3.2. Results and Discussion

During CS− Test 0 the licks of the KO and WT mice were similar (Figure 3). When 

switched to the CS+ flavor paired with IG glucose infusions in Tests 1–3, both groups 

significantly increased their 1-h licks above the level of that of CS− Test 0 (F(3,66) = 52.4, P 

< 0.001) and there were no group differences in CS+ licks. Overall, licks increased (P < 

0.05) in each successive CS+ test. The mice also increased their solution intakes (oral + IG) 

from CS− Test 0 to CS+ Test 3 and the groups did not differ on this measure (KO: 2.3 to 3.2 

g/h, WT: 2.5 to 3.7 g/h; F(3,66) = 40.0, P < 0.001). In the alternating CS training sessions, 

the KO and WT mice licked more for CS+ than CS− (1458 vs. 1276 licks/h; F(1,22) = 41.5, 

P < 0.001) and did not differ on this measure. In the two-bottle choice test, both groups 

licked significantly more for the CS+ than CS− (F(1,22) = 120.1, P < 0.001) and there were 

no group differences (Figure 3). The KO and WT mice were also similar in their percent CS

+ preferences (88% vs. 84%).

In agreement with prior results [39,40,41], IG glucose self-infusions increased the licking 

for the CS+ from the very first training session and conditioned a significant preference for 

the CS+ over the CS−. The new finding here is that MCH-R1 KO mice displayed similar CS

+ appetition responses to the IG glucose infusions to those of the WT mice.

 4. General Discussion

The present study investigated the role of MCH-R1 receptor signaling in the post-oral 

appetite stimulating actions of glucose. The results were quite clear: MCH-R1 KO mice 

were similar to WT mice in acquiring a strong preference for glucose over an initially 

preferred non-nutritive sweetener solution (S+S) in Experiment 1 and in acquiring a 

preference for a flavored non-nutritive solution (CS+) paired with IG infusions of glucose in 

Experiment 2. In contrast, the KO and WT mice strongly preferred the S+S solution to 

fructose, which confirms prior results with B6 mice [14,28,29]. These findings contrast with 

the report of Domingos et al. [7] indicating that hypothalamic MCH neurons mediate the 

post-oral reinforcing effects of sucrose, which is attributed to the glucose component of the 

sugar. As noted by Domingos et al., however, their results did not demonstrate whether it is 
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the MCH peptide or other neurotransmitters released by MCH neurons that are responsible 

for the observed behavioral effects of MCH neuron activation or ablation. The present 

findings indicate that MCH peptide signaling at MCH-R1 receptors is not required for post-

oral glucose appetition. It is possible, however, that acute, central blockade of MCH-R1 

receptors may have a different effect on post-oral glucose conditioning than does genetic 

deletion of the MCH-R1 receptors. This remains to be determined. Sherwood et al. [31], 

however, reported both MCH-R1 KO mice and WT mice treated with an MCH-R1 

antagonist showed deficits in conditioned reinforcement performance for sucrose 

reinforcement (see below).

A close examination of the Domingos et al. [7] study revealed that only some of their 

findings specifically implicated MCH neuron involvement in post-oral sucrose 

reinforcement. In particular, the observation that optogenetic stimulation of MCH neurons 

induced a preference for sucralose over sucrose does not necessarily mean that MCH 

activation mimicked post-oral sugar reinforcement. It is possible that MCH neuron 

activation enhanced the sweet taste reward value of the sucralose. Although the authors state 

the sucralose is not preferred to sucrose unless it is “supplemented by a proxy” for post-oral 

sugar reward, we have reported that there are concentrations of sucralose (0.8%) or sucralose

+saccharin mixtures (0.1%) that are preferred to at least some sucrose (8%) or glucose (8–

16%) solutions [29](Sclafani unpublished findings). Interestingly, MCH optogenetic 

stimulation did not enhance the intake of or preference for plain water, which implied that 

MCH reward activation is specific to a sweet solution. However, IG glucose infusions 

increase the licking of a “tasteless” dry sipper tube [10,22], the intake of plain water 

(Sclafani, unpublished findings) and of bitter and sour solutions [8,17]. Thus, the failure of 

MCH neuron activation to increase water intake and preference suggests that it does not 

fully mimic the post-oral actions of glucose.

Domingos et al. [7] also investigated the effects of selective ablation of MCH neurons on 

sugar reward. MCH-ablated B6 mice consumed less sucrose than did control animals, which 

was attributed to a lack of post-oral sucrose reinforcement, but this could have been due to a 

reduction in sweet taste reward value. Arguing against this interpretation, MCH-ablated 

mice displayed normal preferences for sucrose and sucralose over water. Yet ablated mice 

failed to prefer sucrose to sucralose in a short-term choice test, which is unexpected because 

at the concentrations used (0.4 M and 1.5 mM, respectively) sucrose should have been 

preferred to sucralose based on its taste alone. Thus, the interpretation of the MCH neuron 

ablation findings is not straightforward and requires further investigation.

Sweet “tasteless” TRPM5 knockout mice were also used to evaluate the impact of MCH 

ablation on post-oral sucrose reinforcement [7]. Ablated and control KO mice were trained 

to drink sucrose and water from sipper tubes at specific locations. In a subsequent choice test 

with both sipper tubes containing water, the control KO mice licked more from the sucrose-

paired sipper tube, which was attributed to a learned response reinforced by the sugar’s post-

oral actions. The MCH ablated KO mice, however, did not prefer the sucrose-paired sipper 

tube, which supports the view that MCH neurons mediate post-oral sucrose reinforcement. 

Sipper position preferences have also been conditioned in rats by hepatic-portal glucose 

infusions [16], whereas hepatic-portal glucose infusions did not condition a preference for a 
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CS+ flavored saccharin solution [1]. Thus, glucose-conditioned sipper position and flavor 

preferences may not involve the same post-oral reinforcement processes. It will be of interest 

to determine if MCH neuron ablation impairs flavor conditioning by post-oral sugar 

infusions and, if so, to identify the neurotransmitter signaling process involved.

In contrast to the normal glucose preference conditioning displayed by the KO mice in the 

present study, other experiments reported selective disruptions in other types of sugar 

conditioning in MCH-R1 KO mice [30,31]. In particular, KO and WT were similar in 

acquiring a food cup approach response to an auditory stimulus (CS+) paired with 

presentation of a sucrose solution. However, presentation of the CS+ alone failed to 

reinforce a new response (nose poke) in KO mice, although it was effective in WT mice 

[31]. In contrast, the sucrose-paired CS+ facilitated responding in a Pavlovian-instrumental 

transfer task in KO and WT mice [31]. In another experiment, the presentation of a sucrose-

paired auditory CS+ stimulated overdrinking of a sucrose solution in WT mice but not in KO 

mice [30]. These findings indicated that deletion of the MCH-R1 receptor impairs incentive 

motivation conditioning to a sucrose-paired cue. The present experiments imply that this 

learning deficit is independent of the ability of KO mice to learn flavor preferences based on 

post-oral nutrient reinforcement. Presumably, KO mice would show similar impairments in 

incentive motivation learning when trained with sweet solutions (fructose, S+S) that do not 

support post-oral flavor conditioning.

An important feature of MCH neurons is that they are activated by increases in blood 

glucose, which led Domingos et al. to suggest that direct glucose sensing by these neurons 

may modulate sugar reward [7,37]. Other investigators have also assumed that brain glucose 

sensing regulates sugar seeking in animals [35]. This is an intriguing possibility although 

there is as yet no direct evidence that post-oral sugar reinforcement involves brain glucose 

sensing. Intestinal glucose sensors are implicated in glucose appetition by the findings that 

gastric and upper intestinal infusions but not lower intestinal, hepatic-portal or 

intraperitoneal glucose infusions condition preferences for flavored saccharin solutions 

[1,41]. In addition, IG infusions of α-methyl-D-glucopyranoside, a non-metabolizable 

glucose analog that binds to intestinal glucose sensors but does not elevate blood glucose, 

conditioned flavor preferences in mice [40]. Other studies reported that hepatic-portal 

glucose infusions conditioned preferences for flavored food or for a sipper tube position 

more effectively than intravenous glucose infusions, which implicated hepatic-portal glucose 

sensors rather than brain sensors in this form of sugar conditioning [16,34]. In addition, 

hepatic-portal glucose infusions are more effective than jugular infusions in stimulating 

striatal dopamine release [11,16]. Thus, while a role of brain glucose sensors in sugar 

appetite cannot be ruled out, the available evidence suggests that sugar sensors in the mouth 

(sweet taste receptors), intestinal tract and hepatic portal region are primarily responsible for 

driving sugar consumption.
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Highlights

• Flavor preferences are conditioned by sugars in mice.

• MCH neurons are implicated in sugar reward processing.

• MCH receptor deletion did not impair glucose-conditioned flavor 

preferences.

• MCH receptor signaling is not essential for sugar conditioned 

preferences.
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Figure 1. 
Experiment 1. Glucose and non-nutritive sweetener preferences in MCH-R1 KO and B6 WT 

mice. Mean (+SEM) intakes of 8% glucose and 0.1% sucralose + 0.1% saccharin (S+S) in 2-

day 2-bottle Tests 1–4. The MCH-R1 KO mice (left panel) and B6 WT mice (right panel) 

were given the choice of glucose versus S+S in Tests 1 and 4, and glucose versus water and 

S+S versus water in Tests 2 and 3. The tests were conducted in the order indicated. Numbers 

atop bars represent mean percent preference for that solution. Significant (P < 0.05) 

differences within each test are indicated by an asterisk (*).
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Figure 2. 
Experiment 1. Fructose and non-nutritive sweetener preferences in MCH-R1 KO and B6 

WT mice. Mean (+SEM) intakes of 8% fructose and 0.1% sucralose + 0.1% saccharin (S+S) 

in 2-day 2-bottle Tests 1–4. The MCH-R1 KO mice (left panel) and B6 WT mice (right 

panel) were given the choice of fructose versus S+S in Tests 1 and 4, and fructose versus 

water and S+S versus water in Tests 2 and 3. The tests were conducted in the order 

indicated. Numbers atop bars represent mean percent preference for that solution. 

Significant (P < 0.05) differences within each test are indicated by an asterisk (*).
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Figure 3. 
Experiment 2: Glucose stimulation of licking and flavor preference conditioning in MCH-

R1 KO and B6 WT mice. The mice drank (1 h/day) a CS− flavored saccharin solution paired 

with IG water infusions in Test 0 before being switched to a CS+ flavored saccharin solution 

paired with IG 16% glucose infusions in Tests 1–3. Left: 1-h licks (means ±SEM) are 

plotted for 1-bottle Tests 0–3. Right: 1-h licks (means +SEM) are plotted for CS+ and CS− 

flavored saccharin solutions during the 2-bottle preference test. CS+ and CS− intakes were 

not paired with IG infusions in the 2-bottle test. Number above bar represents mean percent 

preference for the CS+ solution. Significant (P < 0.05) differences between Test 0 and Tests 

1–3 licks and between CS+ and CS− licks are indicated by an asterisk (*).
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Table 1

Training and Test Sessions in Experiment 2.

Days Oral Solution IG Infusate

Pre-Training Sessions

1–2 0.025% saccharin water

3–5 0.025% saccharin water

6 0.04% saccharin water

CS+ and CS− Training and Test Sessions

1–3 CS− water

4–6 CS+ glucose

7 CS− water

8 CS+ glucose

9 CS− vs. water water

10 CS+ vs. water glucose

11–12 CS+ vs. CS− none

Mice were water restricted in pre-training sessions

1–2 and food restricted in all subsequent sessions.

CS− and CS+ solutions contained 0.02% ethyl acetate or propyl acetate flavors in 0.04% saccharin solutions.

A water tube (not paired with infusions) was available in the last CS− and CS+ training sessions (Days 9–10).
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