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abstract
different types of high-fat (Hf) diets are used to study diet-induced obesity (dio) in rodents 

and this has led to different phenotypes. this study assesses whether different Hf diets 

differentially affect striatal dopamine d
2/3 

receptor (drd
2/3

) availability, as decreased striatal 

drd
2/3 

availability has been implicated in obesity in relation to reward deficiency for food. thirty 

rats were randomized to either a free-choice Hf diet (Hf-choice), a pre-mixed Hf diet (Hf-no-

choice), or a standard chow diet for 28 days. striatal drd
2/3 

was measured using 123i-ibZm storage 

phosphor imaging at day 29. drd
2/3 

availability was significantly decreased in the dorsal striatum 

in the Hf-choice rats compared to chow rats, but not in Hf-no-choice rats. additionally, caloric 

intake of the Hf-choice rats was significantly higher than that of Hf-no-choice rats and serum 

leptin and percentage abdominal fat store weight of total body weight were significantly higher 

in the Hf-choice rats compared to chow rats. these preliminary results suggest that the choice 

element in Hf diets, which is possibly related to the motivational aspects of eating, leads to 

overconsumption and to a distinct state of obesity. these results are relevant for future studies 

on diet-induced obesity when considering choice of diet type. 
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iNtroductioN
there is accumulating evidence that striatal dopamine d2 receptor (drd

2
) availability is 

decreased in obesity, both in dorsal and ventral parts (i.e. nucleus accumbens). in rodents, 

this is observed in genetic obesity models (1-3) and in diet-induced obesity (dio) models (4;5). 

in humans, imaging studies demonstrated lower striatal dopamine d2/3 receptor (drd
2/3

) 

availability in obesity (6). recently, it has been shown that drd
2
 down-regulation can be induced 

by a cafeteria diet and is associated with increased reward deficiency and compulsive eating 

behavior in rats (4). it remains unknown however, whether the obesity or the overconsumption 

of high fat (Hf) diets results in altered drd
2/3 

availability. since a cafeteria diet is composed 

of different choices of palatable food, we here aim to test whether differently presented Hf 

diets with and without choice (to decrease palatability) will differentially affect striatal drd
2/3 

availability. a free-choice Hf diet and a pre-mixed no-choice Hf diet will be compared to a 

standard chow diet. We hypothesize that the free-choice Hf diet will lead to the highest levels 

of overconsumption due to a higher palatability and, subsequently, to the lowest levels of 

drd
2/3 

availability, whereas both diets will result in obesity.

metHods aNd procedures
thirty male Wistar rats (Horst, Harlan, the Netherlands), weighing 250-275 grams, were 

individually housed in a temperature- (21-23°c) and light-controlled (lights on 7:00 am – 7:00 

pm) room. experimental procedures were approved by the animal ethics committee (amc, 

amsterdam, the Netherlands).

experimental design
after a 7-day habituation period, rats were randomized into 3 groups of 10 rats that were fed 

different diets for 28 days: 

1. a free-choice Hf diet (Hf-choice)(7): a dish of saturated fat (beef tallow (ossewit/
blanc de boeuf), Vandemoortele, belgium) presented on a metal receptacle in addition 
to standard pellet chow (ab diets, Woerden, the Netherlands); 

2. a pre-mixed no-choice Hf diet (Hf-no-choice): pellets consisting of 75% standard 
chow and 25% of the beef tallow (mixed by ab diets); 

3. a standard pellet chow diet (chow) (ab diets). 

body weight and food intake were measured every two days. food spillage in the cage was 

collected and weighed to correct for overestimation of food intake. at sacrifice on day 29, blood 

was collected for plasma leptin concentration measurement, because leptin interacts with the 

dopaminergic system (8). abdominal fat stores were measured by dissecting and weighing the 

epidydimal and perirenal fat pads after sacrifice.

leptin measurements
blood samples were collected in heparinized tubes, placed on ice, centrifuged, and plasma was 

stored at -20 °c until assay. plasma leptin concentrations were determined by radioimmunoassay 

as described previously (9).
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drd
2/3 

measurements
on day 29, rats were anesthetized with ketamine/xylazine mix followed by intravenous 

administration of approximately 37 mbq (1 mci) of the selective drd
2/3

 tracer 123i-ibZm (ge 

Healthcare, eindhoven, the Netherlands). Ninety minutes later, animals were sacrificed by 

bleeding through heart puncture under anesthesia. brains were removed, frozen on dry ice 

and sliced horizontally into 50 μm slices in a microtome cryostat at -21°c. storage phosphor 

imaging was performed as described previously (10). every one in four slices were exposed to 

a fuji bas-ms ip for approximately 16 hours. the images were scanned using the fuji fla-3000 

phosphor imager. regions of interest (rois) were drawn for dorsal striatum and nucleus 

accumbens (Nacc), left and right sides. rois drawn for the cerebellum were used to assess 

non-specific binding (10). ratios of dorsal striatum-to-cerebellum and Nacc-to-cerebellum 

binding were obtained by dividing the average uptake per pixel of combined left and right 

striatum/Nacc parts by the average uptake per pixel of the cerebellum.

statistical analysis
aNoVas were used to assess differences between groups in caloric intake, weight gain, 

abdominal fatpad weight, leptin and drd
2/3

 availability. When appropriate, post-hoc tests 

(tukey) were performed. correlations between drd
2/3

 availability and caloric intake, weight 

gain, abdominal fatpad weight, and leptin were determined with pearson’s correlation. a 

probability value of <0.05 was considered significant. 

results
one animal from the Hf-no-choice group was excluded from analysis because we were unable 

to determine cerebellar drd
2/3

 availability.

total caloric intake from day 1 to 28 differed significantly between groups (f(2,27) = 3.65, 

p = 0.040; figure 1a) and was significantly lower in the Hf-no-choice rats than in the Hf-choice 

rats (p = 0.046), although both groups did not differ significantly from the chow group. the 

percentage caloric intake from beef tallow was on average 30.2±10.0% for the Hf-choice rats 

and increased over time: week 1: 19.8%; week 2: 29.1%; week 3: 35.1%; week 4: 41.6%. in the 

pre-mixed Hf-no-choice diet the percentage caloric intake from beef tallow was 42.0%. 

body weight gain (and final body weight) was not significantly different between the 

groups. However, the weight of perirenal and epidydimal fatpads as percentage from total 

body weight was significantly different between groups (f(2,27) = 6.11, p = 0.006; figure 1b), that 

is, the Hf-choice rats had significantly higher percentage abdominal fatpad weight compared 

to chow rats (p = 0.005). plasma leptin concentrations differed between groups (f(2,26) = 6.25, 

p = 0.006; figure 1c) and were significantly higher in Hf-choice rats compared to chow rats (p = 

0.005) and tended to be higher compared to Hf-no-choice rats (p = 0.070).

drd
2/3

 availability
there was a trend in group differences in drd

2/3
 availability in the dorsal striatum (f(2,26) = 3.18, 

p = 0.058; figure 1d) and post-hoc tests revealed a significant difference between the Hf-choice 

and chow group (p = 0.050). However, when two outliers (> 2 standard deviations from 
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Figure 1.  (a) total caloric intake from day 1 to 
28. striped bars indicate total caloric intake 
from beef tallow. (b) percentage abdominal 
fatpad weight from total body weight based on 
perirenal and epidydimal fatpads. (c) plasma 
leptin concentrations at day 29. bars represent 
means ± s.e.m for a, b, and c. (d) dopamine d

2/3
 

receptor (drd
2/3

) availability in the dorsal striatum. 
Horizontal lines display means per group. * 
marks outliers. different letters (a, b) represent 
significant differences between groups (p<0.05).
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mean; figure 1d) in the Hf-choice group were removed, between-group aNoVa was clearly 

significant (f(2,24) = 5.38, p = 0.012) and post-hoc tests showed a higher level of significance in 

the difference between the Hf-choice and chow group (p = 0.010). in the Nacc, no significantly 

different drd
2/3

 availability between diet groups was found (data not shown).

there were no significant correlations between drd
2/3

 availability and total caloric intake, 

caloric intake from fat, weight gain, abdominal fatpad weight, or plasma leptin concentrations, 

neither for the whole sample, nor within groups.

discussioN
this study demonstrates that a Hf-choice diet results in lower drd

2/3
 availability in the dorsal striatum 

in rats combined with increased caloric intake, reflecting overconsumption, and adiposity.

this study confirms previous findings of decreased striatal drd
2
 induced by Hf diets (4;5) and 

most likely reflects a down-regulation of the post-synaptic striatal drd
2/3 

receptors. interestingly, 

Johnson and Kenny (4) offered a free-choice cafeteria diet to rats, whereas Huang  et al. (5) 

offered a synthetically produced Hf diet to mice. thus, also a synthetically produced Hf diet 

is able to induce lower drd
2/3

 availability. in contrast, Huang et al. later showed that 20 days, 

instead of 20 weeks, of synthetically produced Hf diet led to higher striatal drd
2
 density in 

mice (11). a possible explanation for this could be that free-choice Hf diets are able to decrease 

striatal drd
2
 availability on the short-term, whereas synthetically produced Hf diets might only 

do so on the long-term. this may also explain why we were able to detect significantly lower 

striatal drd
2/3

 availability only in the Hf-choice diet group and not (yet) in the Hf-no-choice 

diet group. it still remains unclear, though, which factor plays a major role in the mechanism that 

leads to decreased striatal drd
2/3

 availability, e.g. overconsumption, size of abdominal fat stores, 

leptin, or the choice element and related motivational processing itself. 

the differential effects of Hf-choice and Hf-no-choice diets on caloric intake demonstrate 

the importance of the choice element. similar to commercially made high-fat or high-energy 

diets (12), rats on the Hf-no-choice diet tend to decrease caloric intake to compensate for the 

body weight gain. in contrast, rats on Hf-choice diet show increased caloric intake reflecting 

overconsumption. We hypothesize that this is due to the higher palatability of the Hf-choice 

diet with choice for salient fat. a choice diet better reflects the Western-style diet that leads 

to overconsumption (12). in this respect, it is of interest that the pathophysiology underlying 

obesity has been compared to drug addiction (6), and that active versus passive administration 

paradigms for drugs of abuse also lead to different endophenotypes (13). 

the decreased drd
2/3

 availability in the Hf-choice rats was only found in the dorsal striatum 

and not the Nacc. given the role of dopamine and the Nacc in reward  and the ability of 

food to induce a dopamine release in the Nacc (14), it was unexpected that the decreased 

drd
2/3

 availability in the overconsuming Hf-choice diet group was only found in the dorsal 

striatum. possibly, the sample sizes were too small to detect a decrease in the Nacc. However, 

Huang et al. (5) also reported a drd
2
 decrease on Hf diet only in the rostral part of the caudate-

putamen. thus, this result might also indicate that the underlying mechanism for decreased 

drd
2/3

 availability is not as much reward dependent as has been hypothesized (6).

in conclusion, this study shows that different types of Hf diets have differential effects 

on drd
2/3

 availability in the dorsal striatum, caloric intake, fat store size, and plasma 
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leptin concentrations of rats. it demonstrates that a choice element in the diet leads to 

overconsumption. a Hf-choice diet induces a distinct state of obesity with lower striatal drd
2/3

 

availability. this result is important for future studies on diet-induced obesity in rodents, in 

particular studies on the motivational aspects of eating.
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