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    Chapter 2   

 Binge-Prone Versus Binge-Resistant Rats and Their 
Concomitant Behavioral Pro fi les       

     Mary   M.   Boggiano          

  Abstract 

 Binge eating is a recalcitrant symptom of bulimia nervosa, binge-eating disorder (BED), and the binge/
purge subtype of anorexia nervosa. Binge eating is rooted in gene–environment interactions, but the biol-
ogy of these interactions is largely unknown. This chapter describes a simple and reliable animal model of 
binge eating that is based on such an interaction: a signi fi cant inherent difference in eating patterns when 
palatable food (PF) is encountered in the environment. Roughly one-third of rats exhibit a binge-like pat-
tern of intake of PF despite normal intake when only chow is available. The PF intake of these binge-eating 
prone (BEP) rats is signi fi cantly and consistently greater than that of binge-eating-resistant (BER) rats. 
Also described are subsequent experimental manipulations that reveal additional parallels between BEP 
rats and human binge-eating behavior, including preference for and abnormal intake of PF when stressed, 
binge eating in the absence of hunger and despite evidence of satiety, motivation to obtain and eat PF 
despite punishing consequences, and age of onset shortly after puberty. The model also dissociates binge 
eating from obesity proneness such that four subgroups can be obtained that resemble bulimia nervosa 
(binge eating with compensatory restriction to prevent obesity), BED (binge eating with propensity for 
obesity), frank obesity (obesity proneness without binge eating), and healthy controls (non-binge-eating, 
obese-resistant rats). These behavioral pro fi les render the BEP/BER model a useful tool to uncover some 
of the genetic and epigenetic substrates distinguishing BEDs. It can also be used to develop and test more 
targeted treatments against these life-threatening conditions.  
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 This chapter describes an animal model of binge-eating prone 
(BEP) versus binge-eating resistant (BER) rats. Binge eating in 
humans is a highly distinct pattern of overeating that is character-
ized by the intake of an abnormally large amount of food in a dis-
crete period of time and is accompanied by a sense of lack of control 
over the ability to limit the amount of food eaten or to stop eating  (  1  ) . 

  1.  Introduction
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Binge eating is a stubborn symptom in the binge/purge subtype of 
anorexia nervosa, of bulimia nervosa, and of binge-eating disorder 
(BED)  (  1  ) , which collectively af fl icts approximately 8% of the U.S. 
adult population  (  2  ) . For brevity, these three disorders will be 
referred to here as “binge-eating disorders.” 

 In its most basic form, the BEP rats most closely model BED 
out of all of the eating disorders. This is because caloric restriction 
and/or weight loss are not required to produce BEP rats. However, 
this chapter describes subsequent manipulations of the model that 
can be easily conducted to yield behavioral responses with parallels 
to features of bulimia nervosa and binge/purge anorexia. The 
BEP/BER model originated from the observation that, while rats 
of the same age and sex eat relatively equal amounts of standard lab 
chow, their intake will vary when offered highly palatable food (PF). 
The PF is high in sugar and/or fat and is given intermittently (e.g., 
2–3 times per week vs. daily) to simulate the “forbidden” regard of 
these foods and diagnostic frequency in clinical binge eating  (  1,   3,   4  ) . 
The key observation is that approximately one-third of the rats 
 consistently  eat the highest, and one-third eat the lowest, amount of 
the PF  (  5  ) . This stable pattern is consistent with the established 
chronic and stable nature of binge eating in BED  (  6  ) . Importantly, 
the expression of binge eating in the BEP rats is not observed until 
they come in contact with PF. That is, BEPs and BERs are indistin-
guishable until exposed to an environment containing PF. BEPs 
also do not have to learn to overeat PF; they inherently overeat dur-
ing the  fi rst exposure. This is important because it represents an 
example of a gene–environment interaction. Gene–environment 
interactions are pathogenic of eating disorders, yet are not researched 
as aggressively as they need to be  (  7,   8  ) . 

 Our work suggests that the only environmental factor needed 
to elicit the BEP/BER model is PF. The salience of PF in human 
binge-eating behavior cannot be understated. Since these foods are 
typically high in re fi ned sugars and fat, they are rewarding and 
calorie dense, and are therefore regarded as “forbidden foods” 
outside of binges. They are obsessed over, craved, and overcon-
sumed during binges  (  4,   9,   10  ) . Intake of just a morsel of PF or 
simply the smell of PF is known to trigger relapses back to binge 
eating  (  11–  13  ) . It is not possible to estimate the extent to which 
exposure to PF is necessary for the development of BEDs because 
of its ubiquitous nature in the modern world. We are exposed to 
these foods from childhood and even as neonates  (  14,   15  ) . 
Nonetheless, the reliance of the BEP/BER model on PF exposure 
does not devalue the model as a research tool in BEDs, especially 
considering the salient role of PF in these disorders. 

 The numerous parallels between BEP rat behavior and clinical 
binge eating validate its use as a preclinical tool. These parallels go 
beyond binge eating in a discrete period of time and the stable 
nature of the binge-eating pattern. Here we describe additional 
parallels that emerge when the rats are subjected to factors relevant 
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to life experiences of those with BEDs. These factors include stress, 
hunger, tolerance of painful consequences in order to binge on PF 
even when sated, and exposure during puberty. In all cases, BEP 
rats respond with striking similarity to individuals with BEDs 
 (  5,   16,   17  ) . The BEP/BER model also recapitulates the indepen-
dence between binge eating and propensity to develop obesity. 
Given the large weight range of patients with BEDs, it is not sur-
prising that familial studies con fi rm a strong genetic contribution 
for binge eating that is independent of the obesity phenotype 
 (  18,   19  ) . Here too is described how it is possible to obtain four 
subgroups from the BEP/BER model that are behaviorally similar 
to bulimia nervosa, BED, non-BED obesity, and healthy controls 
 (  5  ) . These subgroups could prove useful in the discovery of genes 
that distinguish propensity for each of these conditions. In so 
doing, more targeted treatments can be designed. Lastly, the model 
promises to help identify the exact physiological changes that take 
place when modern “super-hedonic” food ingredients and predis-
posing genes intersect. This type of research is needed to learn how 
to best prevent or decrease the recidivistic nature of BEDs.  

 

  Young adult female Sprague–Dawley rats (Harlan, IN and WI) are 
used in keeping with the higher female incidence and age of onset 
of BEDs  (  2,   7  ) . The rats may be older in age but not pre-pubertal 
 (  17  ) . The typical results presented here are those obtained with 
60-day-old rats. Regarding the number of rats required at the 
onset, the BEP/BER model relies on  extreme amounts  of PF con-
sumed. These extremes are best observed from an initial group 
that is three times the number of rats desired in the BEP and BER 
group. For example, for  N =  10 BEPs and  N =  10 BEPs (a typical  N  
per group in the author’s and others’ rodent studies), one would 
start with  N  = (10 × 3) or 30 rats. Of course, the number of BEP 
and BER rats required will depend on the complexity of the study 
design; e.g., drug versus control conditions may require 20 rats per 
group if working with a between-groups design in which case a 
good start number would be (20 × 3) or 60 rats. Multiple studies 
con fi rm the reliability of the “ N  × 3” formula because roughly one-
third of female rats will meet BEP and one-third will meet BER 
criteria  (  5,   16,   17,   20,   21  ) . The rats can be single or pair-housed 
when not being tested and should be acclimated to standard col-
ony conditions with a 12:12-h dark/light phase. Lights should be 
timed to turn off at the onset of the feeding tests; e.g., if feeding 
tests wish to be conducted at 1000 hours then lights should go off 
at 10  a . m . (1000 hours). This captures intake during the initial 
dark period. Rats should be well acclimated to any new light/dark 
schedule as for any other study.  

  2.  Materials 
and Procedures

  2.1.  Animals
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  The rats are maintained on ad libitum water and standard rat chow 
(e.g., Harlan Teklad Global Diets, IN; 3.3 kcal/g) throughout the 
studies. To identify BEP and BER groups, a PF must be intro-
duced. Most studies have used Oreo Double-Stuf ® cookies 
(4.8 kcal/g; Nabisco, NJ)  (  5,   16,   20  ) . Oreos® have worked well in 
other models of binge eating  (  5,   20,   22–  24  )  and include the high-
fat and sugar contents that are typically craved and overeaten by 
humans who are binge eating  (  3,   4  ) . Other PFs have been used 
successfully  (  5,   17,   21  ) , but the results given here are those resulting 
with the use of Oreos®. The use of other PF types is discussed in 
Sect.  3 . The PF is always given alongside standard rat chow.  

  BEP and BER rats are identi fi ed by a series of “feeding tests.” All 
rats are  fi rst allowed to overcome neophobia by introducing a few 
grams of the PF (e.g., half a cookie) in home cages prior to the 
feeding tests. The rats are then subjected to four measured feeding 
tests. Each test consists of placing a generous premeasured amount 
of the PF (e.g., two Oreo® cookies, ~29 g) and chow pellets (e.g., 
10 g) inside of or on the lid of the home cages just prior to lights 
out. Intake is measured after 4 h under red or dim lighting. The 
cookies remain in the cage for 24 h. Care should be taken to include 
any spillage, although it tends to be minimal with these types of 
foods. The 4-h interval is a discrete period of time that provides 
measurable differences in intake between groups in this and other 
models of binge eating  (  20,   22–  25  ) . Food intake can be measured 
at any other intervals up to 24 h, but is not necessary for the 
identi fi cation of BEP/BER status. Body weights can be recorded 
periodically to con fi rm no change in weight between the groups 
over time. However, body weights are also not necessary in deter-
mining BEP/BER status. Importantly, the feeding tests are sepa-
rated by at least 1 day of only ad libitum chow. Typically the PF 
and chow feeding tests occur 2–3 times per week. This renders PF 
intake as an intermittent event, simulating the two times per week 
criteria for binge eating  (  1  )  and the “forbidden food” regard for 
PF in BEDs  (  4,   9,   10  ) . Periodic 24-h measures of chow intake on 
the chow-only days serve to con fi rm that there is no signi fi cant dif-
ference in amount of this food eaten between BEP and BER rats. 
Differences are only observed with PF. Once BEP/BER status is 
established using the criteria described in Sect.  2.4 , the feeding 
tests can occur less frequently (e.g., one time per week) for subse-
quent experimental manipulations.  

  For each of the four feeding tests, the kcal intake of PF of each of 
the rats is grouped into tertiles. That is, the values and their cor-
responding rat identi fi cation are evenly distributed into three 
groups: a lowest, a middle, and a highest PF-intake group. Rats in 
the lowest PF-intake tertile across all four of the feeding tests, or in 
three out of the four tests, are assigned BER status. Those in the 
highest PF-intake tertile across all four, or three out of the four 

  2.2.  Diet

  2.3.  Identifying BEP 
and BER Rats

  2.4.  Criteria Used 
to Classify BEP 
from BER Rats
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tests, are assigned BEP status. How consistently a rat appears in a 
particular tertile is more important in determining status than the 
absolute kcal value of PF consumed—extreme as it might be if the 
rat appears in more than one tertile. Rats falling into the middle 
tertile do not need to be retained for further BEP versus BER tests 
unless one wishes to maintain the rats on chow throughout as a 
chow-control group. This is an appropriate control because all rats, 
regardless of BEP or BER or “middle” status eat equivalent 
amounts of chow when only chow is available. 

 Alternatively, the middle group can be treated as a third “mid-
dle PF-eating” group, but the caveat must be considered that some 
of the rats making up this group were placed in the group because 
of their inconsistent amount of PF intake. Another option, and 
one used by the author, is to retain the middle rats to pilot test any 
experimental variables before they are tested on the BEP and BER 
rats. This is useful given that the rats are of the same age, sex, and 
body weight as the BEP and BER rats. But again, if time, labor, 
and cost are an issue, and if the study aims permit, the middle ter-
tile rats need not be used at all. At the end of the feeding tests, 
there should be an equal number of BEP and BER rats. Subsequent 
PF + chow feeding tests can be conducted to con fi rm the stability 
of the BEP/BER patterns, but these should be preceded by at least 
1 day of only chow with no experimental manipulations. The typi-
cal BEP/BER intakes one can expect are described in the Sect.  3 .  

  If the feeding tests are administered 2–3 times per week, BEP and 
BER rats can be identi fi ed within two weeks’ time.  

  Frequency descriptive statistics set at 33.3% percentiles will yield 
tertile groups of PF intake for each feeding test. Cronbach’s alpha 
can be used to verify consistency of high versus low PF intake 
within rats across the feeding tests. Student’s  t -test or ANOVA is 
used to compare differences between BEPs and BERs on PF intake, 
chow intake, and body weights. Bonferroni or Tukey post hoc tests 
are used if more than two groups are compared, e.g., if the middle 
group is analyzed. The alpha level for all comparisons is 0.05. More 
complex designs have been used, such as mixed within-subject and 
repeated measures ANOVAs  (  20  ) , and mixed linear models when 
measuring changes over time  (  17  ) . All food intake data should be 
converted to and analyzed as kilocalories, especially when combin-
ing measurements of intake of various energy-dense foods.   

 

 The following variables are  not necessary  to obtain the BEP/BER 
model, but they yield additional behavioral pro fi les in BEP rats 
that parallel features of binge eating. These can serve as additional 

  2.5.  Time Required

  2.6.  Data Analysis

  3.  Notes and 
Anticipated 
Results
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“models” according to the characteristics one wishes to explore 
further. Given the simplicity of obtaining BEP and BER groups, 
these subsequent manipulations do not require much additional time 
to perform. All of the variables described below were tested in a 
between-groups design starting with  N  = 60 rats for  N  = 20 BEP and 
 N =  20 BER young adult female Sprague–Dawley rats, except where 
noted. If rat labor and upkeep, but not time, are issues, half the rats 
per group (e.g.,  N  = 8–10/group) is acceptable for most within-
subjects designs. The results of these manipulations and their relevance 
to understanding binge-eating behavior in humans are described 
below, as are alternate methods of conducting these tests. 

  Once rats are classi fi ed as BEP or BER and following at least 2 days 
of chow-only feeding, half of the rats from each group are given 
50% of their normal 24-h chow intake at lights out. The reduced 
amount is 50% of the mean of all the rats’ previous day’s 24-h 
chow intake. The other half of the rats of each group remain on ad 
libitum chow. On the following day just prior to lights out, all rats 
are given a premeasured amount of PF and chow, as in the feeding 
tests, and intakes are recorded after 1, 4, and 24 h. More frequent 
recordings can be taken if needed.  

  Stress typically has anorectic effects on laboratory rats  (  26,   27  ) . 
The exception is when stress is combined with a “history of dieting,” 
which the author used to develop a different model of binge eating 
 (  22,   24  )  (also see Chap.   3     for innovative variations on this model). 
The BEP/BER model does not require caloric restriction or diet-
ing simulations, so the rats are not expected to overeat when 
stressed. Nonetheless, stress evokes interesting and clinically rele-
vant differences between the BEP and BER rats. Once the rats are 
classi fi ed as BEP or BER and following at least 2 days of chow-only 
feeding, half of the BERs and half of the BEPs are individually 
subjected to four 3 s bouts of 0.6 mA of scrambled foot shock in a 
shock alley apparatus, prior to lights out. The other half of the rats 
in each group is placed in the shock alley for the same amount of 
time without shock. 1  The rats are then returned to their home 
cages while lights are still on, with a premeasured amount of PF 
and chow as in the feeding tests. Intakes are recorded after 2 and 
4 h of feeding.  

  This test of motivation for PF uses the same foot shock apparatus 
as in the stress procedures above. Here  N  = 10 BEP and  N  = 10 
BER rats naïve to foot shock are allowed to eat ad libitum amounts 
of chow in their home cages during the  fi rst 2–4 h in the dark. This 
precludes hunger from confounding this test, which is intended to 

  3.1.  Effect of Acute 
Food Deprivation on 
BEP Versus BER Rats

  3.2.  Effect of Stress on 
BEP Versus BER Rats

  3.3.  Effect of Suffering 
Consequences for PF 
in BEP Versus BER 
Rats

   1   Additional details on this manipulation are in  (  5  ) ; shock apparatus details can 
be found in  (  22  ) .  

http://dx.doi.org/10.1007/978-1-62703-104-2_3
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measure motivation for the rewarding versus metabolic properties 
of PF intake. The rats are then allowed to individually roam in the 
shock alley under red light to acclimate to the space and to learn 
that one end of the alley is baited with PF. Plain M&M’s® candy 
(Mars, McLean, VA) has been used, but it is likely that another PF 
such as Froot Loops (Kellogg, MI) or small  fl avored pellets 
(Research Diets, NJ) would work as effectively  (  28  ) . Acclimation 
to the alley is con fi rmed when all rats take at least one bite of an 
M&M® during the  fi rst minute after being placed into the shock-
free end of the alley. This typically occurs after three 10-min ses-
sions in the alley (over 3 days). On the  fi rst day of actual testing, the 
rats are placed in the alley for 10 min, but with no shock, in order 
to obtain a baseline measure of PF intake under these conditions. 
On the second day, the lowest level of shock (0.10 mA) is adminis-
tered for 3s immediately following retrieval of an M&M®. The 
candy must be completely removed from the food hopper by paw 
or mouth before shock is delivered. This level of shock is readmin-
istered for as many times as the rat returns and retrieves an M&M® 
during a single 10-min session. In each 10-min session thereafter 
(on the following days), the shock level is increased by 0.05-mA 
increments until the rat no longer retrieves PF. On the test day fol-
lowing a session where the rat chooses not to retrieve an M&M®, 
the rat is given a last chance to retrieve and if there is no attempt 
within the 10-min session, the rat is no longer put into the alley for 
the duration of the study. When placed into the alley, the rats are 
always placed in the end of the alley that is not baited with food or 
wired to shock. 2  Measures recorded include number of M&M’s® 
retrieved, amount of M&M’s® kilocalories consumed per session at 
each shock level, and the highest shock level tolerated per rat.  

  Clinical binge eating occurs in individuals that maintain a wide 
range of body weights, e.g., binge eating occurs in underweight 
anorexia nervosa, normal weight bulimia nervosa, and overweight 
or obese BED patients  (  1  ) . Hence, the susceptibility to develop 
obesity should be independent of binge-eating status. To test for 
this,  N  = 20 BEP and  N  = 20 BER, which never signi fi cantly differ 
in body weight, are subjected to a traditional diet-induced obesity 
(DIO) protocol  (  29,   30  ) . Under the DIO protocol, all the rats are 
provided with a daily sole ad libitum diet of 35% fat pellets 
(Research Diets, Diet # D12266B, New Brunswick, NJ) in their 
home cages for a minimum of 14 days. Body weights and 24-h 
food intakes are recorded daily or at minimum on days 1 and 14. 
During statistical analyses, body weights on day 14 of half of the rats 
that gain the most weight are compared to weights of the other half 
of the rats that gain the least weight, regardless of BEP/BER status. 

  3.4.  Effect of a 
High-Fat Diet on the 
Propensity of BEP 
Versus BER Rats to 
Develop Obesity

   2   Refer to  (  16  )  for additional details.  
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A statistically signi fi cant difference in the means will con fi rm the 
success of the DIO protocol to identify obese-prone from obese-
resistant rats. Then a chi-squared test can be used to determine if 
there are a different number of BEP versus BER rats in the obese-
prone versus obese-resistant groups. Equal numbers of BEPs and 
BERs are expected in each weight group given the independence 
of binge eating from obesity proneness.  

  One may wish to use this model to examine environmental or physi-
ological correlates of early-life experience, puberty, or aging on binge 
eating. Klump and colleagues investigated the age of onset and effect 
of estradiol removal on BEP/BER patterns in female Sprague–
Dawley rats. The PF for the feeding tests was 15–20 g of Betty 
Crocker Vanilla Frosting (General Mills, MN) in a dish suspended 
inside the cage. More was added as needed with the rats’ growth 
over time. The feeding tests were conducted as described above and 
occurred three times per week from postnatal day P23 through P69. 
Puberty onset occurred at P34-P39 (de fi ned as vaginal opening), 
during which time feeding tests were conducted only one time per 
week. In sum there were six feeding tests in pre-early puberty, four 
in mid-late puberty, and  fi ve in adulthood. Mixed linear models 
analyses were used to compare PF intake, chow intake, and body 
weight during age development in BEP versus BER rats  (  17  ) . In a 
separate study, adult BEP and BER rats were ovariectomized (OVX) 
at age P70 or P71 and subjected to four additional feeding tests on 
day P79 through P86. A second study controlled for any effects due 
to the surgery by including sham-operated rats  (  21  ) .  

  The feeding tests yield two groups of rats that never differ in the 
amount of plain chow intake if they only have access to chow 
(Fig.  1 ), but that differ consistently (Cronbach’s alpha  =  0.86) and 
signi fi cantly in the amount of PF they consume. As shown in Fig.  1 , 

  3.5.  Effect 
of Developmental 
Factors on the 
Expression of BEP 
Versus BER Patterns

  3.6.  Typical/
Anticipated Results

  Fig. 1.    Typical 4-h intake patterns of binge-eating resistant (BER) versus binge-eating prone (BEP) rats;  N =  20/group. 
( a ) When only chow is available the groups are indistinguishable by their intake (ns). ( b ) When PF is available with chow, 
BEPs consistently consume >40% more PF kilocalories than BERs (*** p  < 0.001). The effect is also observed with a smaller 
 N =  8–10 rats/group  (  16,   17,   20,   21  ) . Reproduced, with permission, from  (  5  ).        
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the BEP group typically consumes >40% more PF kilocalories by 
4 h (55% shown here) than do the BERs. The statistical difference 
in PF intake can actually be observed as early as the  fi rst hour of 
eating  (  5  )  (not shown) but the 4-h period assures that rats have 
eaten to satiety and it is also a time interval when BEP/BER dif-
ferences are the largest. By 24 h, the BERs approach but do not 
quite match the BEPs’ PF intake  (  5  ) . Replications of the model 
have obtained similar BEP/BER differences with as few as  N  = 8–10 
rats per group  (  16,   17,   20,   21  ) . Tests using the middle PF eaters 
show that they eat an amount of PF intermediate with that of the 
BER and BEP groups  (  5  ) . There is never a signi fi cant difference in 
body weights between the two groups due to the intermittent 
access to PF. In line with the stable nature of clinical binge eating 
 (  6  ) , the BEP/BER patterns are stable. Consistent patterns have 
been observed even after multiple manipulations, some noxious, 
including acute and cyclic food deprivation, foot shock, contextual-
cue conditioning, exposure to other PFs  (  5,   16,   20  ) , and surgeries 
 (  21  ) . Eating a larger amount of food than normally expected, 
within a discrete period of time, and with a sense of lack of control 
to limit intake are diagnostic features of binge eating  (  1  ) . Likewise, 
BEPs consume an amount of food clearly larger than normal, in a 
discrete period of time. This is not only    due to the fact that their 
intake is being compared to the extreme lowest PF-eating rats 
because they can also eat a signi fi cantly greater amount of PF than 
the middle PF eaters  (  21  ) . They also seem unable to regulate the 
amount of PF they consume despite the fact that, when only chow 
is available, they consume as much as BERs, which hints of normal 
satiety function. Hence, exceeding this level of food intake sug-
gests that they ignore satiety signals when bingeing on PF. The 
results from the hunger test below support this assumption.  

  As shown in Fig.  2 , a period of caloric restriction causes BERs to eat 
signi fi cantly more food then when sated. This increase consists of 
greater chow intake, which is typical of rats hungry from metabolic 
de fi cit  (  25,   31  ) . BEPs, too, eat proportionally more chow than 
when sated and so appear to respond normally to hunger. Also, 
because hungry BEPs do not eat more total kilocalories than hun-
gry BERs, it can be implied that they also have normal satiety. 
However, as also shown in Fig.  2 , the amount of total kilocalories 
that BEPs eat under restricted conditions matches the amount of 
calories they take in under sated conditions. This behavior is clearly 
abnormal especially given the behavioral indices of normal hunger 
and satiety cues in these rats. The responses just described are 
observed in the 4th hour of feeding but can all be observed as early 
as after the 1st hour of feeding  (  5  ) . Clinical binge eating also appears 
to be unaffected by hunger and satiety cues. Indeed, hunger is one 
of the weakest triggers of binge eating and binges are diagnostically 
de fi ned as occurring in the absence of hunger  (  1,   32–  34  ) . In 
humans, a more potent trigger is stress  (  34–  38  ) .   

  3.6.1.  Effect of Acute Food 
Deprivation on BEP Versus 
BER Rats
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  As seen in Fig.  3 , at 2 h following foot shock, stressed BERs 
consume less food than when not stressed. This is the expected and 
normal response of rats to laboratory stressors  (  26,   27  ) . However, 
stressed BEPs fail to display this normal hypophagia and in fact 
appear to be completely unaffected by shock. By 4 h, stress causes 
BERs to remain hypophagic. Notably, they are eating less PF, not 
less chow. By this time BEPs appear somewhat affected by the 
stress, but their decrease in intake is due to forsaking the healthy 
chow over PF. Their PF intake remains abnormally elevated. By 
24 h, the intake of each group normalizes to match their counter-
parts’ intake under nonstressed conditions. The behavior of BEPs 
under stress resembles that of human binge eating in that stress 
triggers overeating versus undereating and is associated with 
increased consumption of PFs  (  34–  37  ) . In human binge eating, 
stress may actually make PFs more rewarding  (  38  ) . Just how 
rewarding BEP rats  fi nd PF can be seen by how much punishment 
they are willing to tolerate for it.   

  As shown in Fig.  4 , BEPs make signi fi cantly more M&M® retriev-
als than BERs. This difference reaches signi fi cance at shock levels 
of 0.25 mA and higher. At 0.40 mA and higher, only one BER 
versus 8 BEP rats braved shock for M&M’s®. Only BEP rats con-
tinue to cross at 0.60 mAs (Fig.  4 ). As also seen in Fig.  4 , the 
retrieved M&M’s® are consumed as evidenced by the 2-fold greater 
kcal intake of M&M’s® by BEPs versus BERs across all shock levels 
 (  16  ) . In sum, the BEP rats’ willingness to tolerate increasing pain 
and anxiety associated with foot shock models the addictive-like 

  3.6.2.  Effect of Stress on 
BEP Versus BER Rats

  3.6.3.  Effect of Suffering 
Consequences for PF in 
BEP Versus BER Rats

  Fig. 2.    Amount of chow and PF consumed by BEPs and BERs ( N =  10/per condition) under 
calorically restricted or hungry versus ad libitum or sated conditions. BERs eat more total 
kilocalories after a period of deprivation,* p  < 0.05, and both groups eat proportionately 
more chow kilocalories under food deprived than sated conditions, *** p  < 0.001. However, 
BEPs eat as many kilocalories when sated as when they are hungry after a period of food 
deprivation (ns). Reproduced, with permission, from  (  5  ).        
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nature of human binge-eating where motivation to binge-eat per-
sists despite the mounting psychological and physical consequences 
directly associated with this behavior  (  1,   39–  41  ) .   

  When BEP and BER rats are fed a high-fat diet for 2 weeks, exactly 
half of the BERs and half of the BEPs develop obesity while the 
other half of each BEP and BER group resist weight gain. The 
obese-prone rats gain approximately 8.3% of initial body weight vs. 
a 1.9% gain by the obese-resistant rats ( p  < 0.01)  (  5  ) . This is due to 
the obese-prone rats’ failure to decrease their normal volume of 
food when forced to eat the more calorie-dense high-fat diet. 
Importantly, BEPs are as likely to do this as BERs. Each group is 
also as likely to voluntarily restrict the amount of the high-fat diet 
which results in maintaining normal weight. 

  3.6.4.  Effect of a High-fat 
Diet on the Propensity of 
BEP Versus BER Rats to 
Develop Obesity

  Fig. 3.    Amount of chow and PF consumed by BEPs and BERs following foot shock stress 
or no stress ( N =  10/condition). ( a ) In the  fi rst 2 h, only BERs show a normal anorectic 
effect to stress, ** p  < 0.01 versus unstressed BERs. At this time, BEPs are not affected by 
stress. ( b ) By 4 h, there is evidence of a stress-induced anorectic effect in BEPs but the 
decreased intake is on chow, not PF intake (# p  < 0.05). Conversely, at 4 h, BERs forsake 
PF, not chow, when stressed (* p  < 0.05). Reproduced, with permission, from  (  5  ).        
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 At the end, the DIO protocol yields four subgroups that can 
be used to investigate possible biological differences between buli-
mia nervosa, BED, non-binge-eating obesity, and healthy controls 
(see Table  1 ). For example, some individuals with bulimia or BED 
resist obesity through compensatory behaviors, including limiting 
caloric intake  (  1,   42  ) . Similarly, the obese-resistant BEP rats reduce 
their volume of high-fat intake, thereby reducing total kilocalories 
consumed to maintain normal body weight. Not all human moti-
vations to restrict caloric intake can be modeled in rats, but there 
may be a common physiology between bulimia nervosa patients 
and BEP-obese-resistant rats that enables them to reduce caloric 
intake amidst PF, a physiology possibly compromised in BEP-
obese-prone rats and obese individuals with BED.   

  Fig. 4.    ( a ) More BEP versus BER rats are willing to cross incrementing levels of foot shock to obtain M&M® candies; 
** p  < 0.01;  N =  10/group. ( b ) The retrievals are also consumed by the BEPs for a  fi nal greater intake of M&M’s® vs. BERs 
across all levels and statistically signi fi cant at some of the levels denoted by * p  < 0.05; and ** p  < 0.01. Reproduced, with 
permission, from  (  16  ).        
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  As is typical of the BEP/BER model in the author’s hands, Klump 
and colleagues found that roughly one-third of an initial group of 
thirty rats could be clearly classi fi ed as BEPs and one-third as BERs 
based on their signi fi cant difference in amount of PF intake  (  17  ) . 
Of major importance is that when they observed PF intake patterns 
across time, they found that the onset of the BEP phenotype does 
not appear until mid-late puberty (P39-P58). This seminal change 
in PF intake occurred as chow intake during chow-only days, and 
body weights, remained the same for both groups. Only PF intake 
differed. The emergence of PF binge eating shortly after puberty 
was replicated in a separate squad of  N  = 36 rats that were exposed 
to more frequent feeding tests during puberty (three times per 
week vs. one time per week)  (  17  ) . The results are a compelling 
parallel to the age of onset for eating disorders, which is after 
puberty  (  1,   2,   43  ) . Results from the OVX study revealed that OVX 
caused an expected increase in general food intake and body weight 
across all hormone-depleted rats, regardless of BEP or BER status. 
However, the OVXed BEP rats still continued to eat signi fi cantly 
more PF than the OVXed BER rats  (  21  ) . The fact that BEP/BER 
patterns remained stable despite removal of estradiol indicates that 
other—yet unknown—signals activated at puberty are needed to 
express binge eating. While these results were at  fi rst surprising 
given that the BEP pattern appears after and not before puberty, 
they are consistent with the fact that a signi fi cant number of men, 
and not only women, develop BEDs  (  2  ) .   

  3.6.5.  Effect 
of Developmental Factors 
on the Expression of BEP 
Versus BER Patterns

   Table 1 
  Clinical conditions represented by the four subgroups that result from placing 
BEP and BER rats on a traditional diet-induced obesity (DIO) protocol   

 BER  BEP 

 Obese-Resistant  Healthy  Bulimia Nervosa 
 These rats do not have a binge pattern 

on intermittent PF and when placed 
on a forced high-fat diet stay lean by 
voluntarily eating less 

 These rats have a binge pattern on 
intermittent PF but remain lean when 
placed on a forced high-fat diet by 
voluntarily eating less or by “com-
pensating” for the increased calories 

 Obese-Prone  Frank obesity  Binge-eating disorder 
 These rats do not have a binge pattern 

on intermittent PF but gain weight 
on a forced high- fat diet because 
they fail to adjust their intake for 
the additional calories of that diet 

 These rats have a binge pattern on 
intermittent PF and gain weight on a 
forced high-fat diet because they fail 
to compensate for the additional 
calories of that diet 

   BER  binge eating resistant,  BEP   binge eating prone rats based on difference in intake of palatable food (PF) during 
feeding tests used to identify the groups (see text for procedures). Obese-Resistant and Obese-Prone groups ( p  < 0.01 
difference in weight gain) emerge from switching BEP and BER rats to a no-choice high-fat diet. Exactly ½ of BEP and 
½ of BER rats develop obesity while the other ½ of BEP and BER rats resist weight gain.  N  = 10 per subgroup  (  5  )   
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   In the rare event that not enough rats meet the four-out-of-four or 
three-out-of-four feeding test criteria for consistency in PF intake, 
additional tests should be conducted. When choosing BEP rats, if, 
after selecting the most consistent eating animals, the choice must 
be made between selecting a rat that ate in the highest quartile 
three times and once in the lowest quartile versus a rat that ate 
three times in the highest quartile and once in the  middle  quartile, 
the latter should be chosen into the BEP group because the middle 
values are closer to the high end of intake. The same applies to 
selection of BER rats (middle intake is closer to the lowest tertile 
than the highest tertile). There is no speci fi c amount of kilocalories 
that determine BEP or BER status. As pointed out by Klump et al., 
this also parallels the method by which clinical binge-eating was 
 fi rst de fi ned; it was based on comparing women in the high vs. low 
ends of the binge eating distribution  (  1,   17  ) .  

  Most studies have used either Oreo cookies  (  5,   16,   20  )  or Betty 
Crocker® Vanilla Frosting (General Mills, MN)  (  17,   21  ) . Figure  5  
illustrates that rats  fi rst identi fi ed as BEP/BER with Oreos®, exhibit 
the same patterns of intake on other PFs, including high-fat pellets 
(Research Diets, Diet # D12266B, NJ), Oreo- fl avored pellets 
(Research Diets, NJ), Froot Loops ®  (Kellogg, MI), Crisco ®  
(Proctor & Gamble, OH)  (  5  ) , and M&M’s®  (  16  ) . Hence, it may 
be possible to identify BEP and BER rats with nonfat sugary (e.g., 
Froot Loops) or nonsugar fatty PFs (e.g., Crisco®) and not just 
mixed macronutrient PFs like Oreos® and frosting. Still, one is 
warned to  fi rst test any new PF. For example, Fig.  5  illustrates that 
one of the PFs tested, Candy Corn (Brach’s Confections, TN), 
failed to yield a signi fi cant difference between groups although it 

  3.7.  Troubleshooting 
and Guidelines if 
Altering Variables

  3.7.1.  Identifying BEP/BER 
Status

  3.7.2.  Using Other 
Palatable Foods to Identify 
BEP/BER Status

  Fig. 5.    The BEP/BER patterns generalize to other PFs including those containing mainly sugar (Froot Loops)®, mainly fat 
(Crisco)®, or combinations of both (cookies, pellets). All are preferred by both groups ( N =  20/group) over chow but, with the 
exception of candy corn, BEPs eat signi fi cantly more of them than do BERs; * p  < 0.05, ** p  < 0.01, *** p  < 0.001. Reproduced, 
with permission, from  (  5  ).        
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was still preferred over chow by both groups  (  5  ) . Hence not all PFs 
may dissociate BEPs from BERs. It may be that some PFs produce 
negative alliesthesia more quickly than others and BEPs may be as 
sensitive to this as BERs. Salty snack foods have not been tested, 
but are predicted to discern BEP/BER groups given that rats  fi nd 
them rewarding  (  44  ) .   

  If foot shock is not practical, there is no reason that other standard 
laboratory stressors, including immobilization, cold temperature 
or water exposure, social defeat, noise, or emotional stress, should 
not yield the same differences in responses to stress observed in the 
BEP and BER rats. A particular “human-like” stressor, to the 
extent that craving can be regarded as stressful, is to dangle the PF 
in front of the rats without allowing them access to it. This has 
been used successfully in replications of the author’s  stress + dieting 
model  of binge eating, which originally used foot shock  (  45  ) .  

  The intermittency of PF used in this model is integral. If instead, 
rats are allowed  daily  access to PF and chow, the model is compro-
mised because over time (within 2 weeks) the PF intake of BEPs 
and BERs become comparable. This is due to an eventual decrease 
in PF intake among the BEPs  (  5  ) . The model relies on the inter-
mittent, not daily, access to PF, which closely models how indi-
viduals with BEDs eat  (  1  ) . PF is regarded as “forbidden”  (  4,   9,   10  )  
and there is evidence that sporadic access to PF may exacerbate 
binge eating by increasing its rewarding quality  (  46  ) .  

  Currently there are no published studies using male rats with this 
model. However, Klump et al. report that age-matched males do 
not ingest as much PF (vanilla frosting) as females, and hence do 
not exhibit the wide range of PF intake needed to be classi fi ed as 
BEPs or BERs (personal communication, October 9, 2011). While 
male rats still prefer the PF to chow, they eat proportionately more 
chow during meals than do young females, likely because of 
increased protein needs. The lower incidence of male rats to achieve 
BEP status may offer future explanations for the lower male-to-
female ratio in BEDs. However, the effects in the male rats may be 
confounded by the type of PF used. Gender is known to in fl uence 
PF preferences. Male rats and humans prefer palatable fat/protein 
or “savory” combinations, and female rats and humans prefer car-
bohydrate or “sweet” combinations  (  47–  49  ) . Therefore, attempts 
to replicate this model with male rats should  fi rst test the PF to be 
used; it should yield a range of consistent intakes wherein the high-
est and lowest amounts consumed are statistically different.  

  Drug studies have not yet been conducted with this model. Since 
the BEP/BER patterns remain stable and robust even after surgical 
procedures and aversive manipulations like foot shock, it is not 

  3.7.3.  Using Alternate 
Modes of Stress-Induction

  3.7.4.  Intermittent Versus 
Chronic Access to PF

  3.7.5.  Using Male Versus 
Female Rats

  3.7.6.  Conducting 
Pharmacological Tests
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expected that drug administration procedures will compromise the 
model so long as the rats are  fi rst acclimated to the procedures. 
Acclimation to injection procedures should be assured and followed 
with another “feeding test” to con fi rm the BEP/BER patterns 
prior to any drug testing.  

  Only Sprague–Dawley rats have been used so far with this model, 
but it is expected that results replicate in other inbred or selectively 
bred strains of rats. Mice have not been used, but since they show 
clear preferences for PF, including food used in the BEP/BER 
model here with rats  (  50  ) , it may be possible to use mice if their 
patterns of PF intake are determined to be stable.    

 

 The BEP/BER model offers a simple, quick, and reliable method 
by which to study human binge eating. Pavlov posited that a simple 
re fl ex could give clues as to the mechanisms behind some of the 
most complex reactions between humans and their environment 
 (  51  ) . Eating disorders are certainly complex reactions to the envi-
ronment. The BEP/BER model was developed by targeting one 
simple “re fl ex-like” symptom: that of overeating once PF enters 
the mouth. Once rats with an inherent penchant to do this (BEPs) 
are identi fi ed and discerned from those without (BERs), it is dis-
covered that there are many more behavioral parallels to human 
binge eating than eating abnormally larger amounts of food in a 
discrete period of time. Like clinical binge eating, BEPs binge in 
the absence of hunger, the binges override satiety, PF intake remains 
high under stress, BEPs tolerate aversive consequences for PF, and 
only some are prone to obesity. Also as is typical of human BEDs, 
the age of onset for the BEP binge pattern is shortly after puberty. 

 The BEP/BER model also offers a tool with which to investigate 
a variable that warrants much more attention in eating disorders 
research, namely the biological changes that take place to explain 
how factors in the environment interact with predisposing genes to 
express eating disorder symptoms  (  7,   8  ) . PF is ubiquitous in the 
environment, as are stress and dieting, yet not all develop eating 
disorders when subjected to these. The BEPs never learn to over-
eat PF, but instead do this upon  fi rst encountering PF. Therefore, 
binge eating is a preexisting disposition that is expressed when 
exposed to PF. The identi fi cation of genetic and epigenetic mark-
ers that confer the BEP versus BER phenotypes once PF is eaten 
(and once puberty sets in) should help clarify the physiology of 
binge eating. Similarly, identi fi cation of gene markers in the four 
subgroups obtained from subjecting BEPs and BER to a high-fat 
diet should shed light on the physiology that predisposes some 

  3.7.7.  Using Other Rat 
Strains or Species

  4.  Conclusion
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who binge eat to develop BED vs. bulimia nervosa, and to develop 
obesity with and without binge eating. 

 Lastly, the BEP/BER model attests to the incredible value of 
animal models in eating disorder research. BEP rats display behav-
iors such as willingness to cross painful shock for M&M’s®, inabil-
ity to limit PF intake despite normal hunger–satiety cues, and in 
some, an ability to restrict calories and prevent weight gain despite 
the stable trait to binge eat. They also do not start bingeing until 
they reach puberty. These are responses that in humans with BEDs 
are commonly attributed to processes only capable in humans (e.g., 
cognitive dysregulation, irrational thinking, concern with body 
weight and shape, judgment by peers and the opposite sex). Clearly, 
researchers cannot mimic all motivations that drive human binge 
eating in rats, but it is clear that there is a more basic “re fl exive” 
biology underlying binge eating when many of these complex 
behaviors are observed in rodents. This biology can be exploited 
with the help of the BEP/BER model, as well as with other animal 
models in this book, to prevent the expression of eating disorders 
altogether, or, at minimum, to develop superior treatments for the 
millions that suffer from them.      

  Acknowledgments 

 This research was supported by the NIH DK-066007 grant and 
UAB Support for Development and Application of Research Using 
Animal Models award to MMB. Special thanks are extended to 
Dr. Kelly Klump and colleagues for their steady communication of 
compelling  fi ndings with this model. Also thanks to Dr. Paul 
Blanton for his assistance in manuscript editing.  

   References 

    1.    American Psychiatric Association (2000) 
Diagnostic and statistical manual of mental dis-
orders ,  Revised 4th Ed. American Psychiatric 
Association, Washington, DC  

    2.    Hudson JI et al (2007) The prevalence and 
correlates of eating disorders in the National 
Comorbidity Survey Replication. Biol 
Psychiatry 61:348–358  

    3.    Davis C et al (2008) Personality and eating 
behaviors: a case–control study of binge eating 
disorder. Int J Eat Disord 41:243–250  

    4.    Kales EF (1990) Macronutrient analysis of binge 
eating in bulimia. Physiol Behav 48:837–840  

    5.    Boggiano MM et al (2007) High intake of pal-
atable food predicts binge-eating characteristics 
independent of susceptibility to obesity: an ani-
mal model of lean vs. obese binge eating and 

obesity with and without binge-eating. Int J 
Obes 31:1357–1367  

    6.    Pope HGJ et al (2006) Binge eating disorder: a 
stable syndrome. Am J Psychiatry 163:
2181–2183  

    7.    Striegel-Moore RH, Bulik CM (2007) Risk 
factors for eating disorders. Am Psychol 
62:181–198  

    8.    Campbell IC et al (2011) Eating disorders, 
gene-environment interactions and epigenet-
ics. Neurosci Biobehav Rev 35:784–793  

    9.    White MA, Grilo CM (2005) Psychometric 
properties of the Food Craving Inventory 
among obese patients with binge eating disor-
der. Eat Behav 6:239–245  

    10.    Fullerton DT et al (1985) Sugar, opioids, and 
binge eating. Brain Res Bull 14:673–680  



24 M.M. Boggiano

    11.    Rogers PJ, Hill AJ (1989) Breakdown of 
dietary restraint following mere exposure to 
food stimuli: interrelationships between 
restraint, hunger, salivation, and food intake. 
Addict Behav 14:387–397  

    12.    Waters A, Hill A, Waller G (2001) Internal and 
external antecedents of binge eating episodes in 
a group of women with bulimia nervosa. Int J 
Eat Disord 29:17–22  

    13.    Jansen A, van den Hout M (1991) On being 
led into temptation: “counterregulation” of 
dieters after smelling a “preload”. Addict Behav 
16:247–253  

    14.    Barnard ND (2010) Trends in food availability, 
1909–2007. Am J Clin Nutr 91:1530–1536  

    15.    Lenoir M et al (2007) Intense sweetness sur-
passes cocaine reward. PLoS One 2:e698  

    16.    Oswald KD et al (2010) Motivation for palat-
able food despite consequences in an animal 
model of binge-eating. Int J Eat Disord 44:
203–211  

    17.    Klump KL et al (2011) Binge eating proneness 
emerges during puberty in female rats: a longi-
tudinal study. J Abnorm Psychol 120:948–955  

    18.    Bulik CM, Sullivan PF, Kendler KS (2003) 
Genetic and environmental contributions to 
obesity and binge eating. Int J Eat Disord 
33:293–298  

    19.    Hudson JI et al (2006) Binge-eating disorder 
as a distinct familial phenotype in obese indi-
viduals. Arch Gen Psychiatry 63:313–319  

    20.    Boggiano MM et al (2009) The Pavlovian 
power of palatable food: lessons for weight-loss 
adherence from a new rodent model of cue-
induced overeating. Int J Obes 33:693–701  

    21.    Klump KL et al (2011) The effects of ovariec-
tomy on binge eating proneness in adult female 
rats. Horm Behav 59:585–593  

    22.   Boggiano MM, Chandler PC (2006) Binge eat-
ing in rats produced by combining dieting with 
stress. Curr Protoc Neurosci Ch. 9, Unit 9.23A  

    23.    Boggiano MM et al (2005) Combined dieting 
and stress evoke exaggerated responses to opi-
oids in binge-eating rats. Behav Neurosci 119:
1207–1214  

    24.    Hagan MM et al (2002) A new animal model of 
binge-eating: key synergistic role of past caloric 
restriction and stress. Physiol Behav 77:45–54  

    25.    Hagan MM et al (2003) The role of palatable 
food and hunger as trigger factors in an animal 
model of stress induced binge-eating. Int J Eat 
Disord 34:183–197  

    26.    Robbins TW, Fray PJ (1980) Stress-induced 
eating: fact,  fi ction or misunderstanding? 
Appetite 1:103–133  

    27.    Donohoe TP (1984) Stress-induced anorexia: 
implications for anorexia nervosa. Life Sci 34:
203–218  

    28.    Hagan MM, Moss DE (1995) Effect of peptide 
YY (PYY) on food-associated con fl ict. Physiol 
Behav 58:731–735  

    29.    Chandler PC et al (2005) Feeding response to 
melanocortin agonist predicts preference for 
and obesity from a high-fat diet. Physiol Behav 
85:221–230  

    30.    Levin BE, Dunn-Meynel AA (2002) Defense 
of body weight depends on dietary composi-
tion and palatability in rats with diet-induced 
obesity. Am J Physiol 282:R46–54  

    31.    Glass MJ, Billington CJ, Levine AS (2000) 
Naltrexone administered to central nucleus of 
amygdala or PVN: neural dissociation of diet 
and energy. Am J Physiol 279:R86–92  

    32.    Hetherington MM et al (2000) Effects of acute 
food deprivation on eating behavior in eating 
disorders. Int J Eat Disord 28:272–283  

    33.    Walsh BT et al (1989) Eating behavior of women 
with bulimia. Arch Gen Psychiatry 46:54–58  

    34.    Hagan MM et al (2002) Incidence of chaotic 
eating behaviors in binge-eating disorder: con-
tributing factors. Behav Med 28:99–105  

    35.    Wolff GE et al (2000) Differences in daily 
stress, mood, coping, and eating behavior in 
binge eating and nonbinge eating college 
women. Addict Behav 25:205–216  

    36.    Cattanach L, Malley R, Rodin J (1988) 
Psychologic and physiologic reactivity to stres-
sors in eating disordered individuals. Psychosom 
Med 50:591–599  

    37.    Laessle RG, Schulz S (2009) Stress-induced labo-
ratory eating behavior in obese women with binge 
eating disorder. Int J Eat Disord 42:505–510  

    38.    Gold fi eld GS et al (2008) Stress and the rela-
tive reinforcing value of food in female binge 
eaters. Physiol Behav 93:579–587  

    39.    Bohon C, Stice E, Burton E (2009) Maintenance 
factors for persistence of bulimic pathology: a 
prospective natural history study. Int J Eat 
Disord 42:173–178  

    40.    Perez M, Warren CS (2011) The relationship 
between quality of life, binge-eating disorder, 
and obesity status in an ethnically diverse sam-
ple. Obesity 20:879–885  

    41.    Davis C, Carter JC (2009) Compulsive over-
eating as an addiction disorder. A review of 
theory and evidence. Appetite 53:1–8  

    42.    Goldschmidt AB et al (2011) Eating disorder 
symptomatology in normal-weight vs. obese 
individuals with binge eating disorder. Obesity 
19:1515–1518  

    43.    Bulik CM (2002) Eating disorders in adolescents 
and young adults. Child Adolesc Psychiatr Clin 
11:201–218  

    44.    Bassareo V, De Luca MA, Di Chiara G (2002) 
Differential expression of motivational stimulus 
properties by dopamine in nucleus accumbens 



252 Binge-Prone Versus Binge-Resistant Rats

shell versus core and prefrontal cortex. J Neurosci 
22:4709–4719  

    45.    Cifani C et al (2009) A preclinical model of 
binge eating elicited by yo-yo dieting and 
stressful exposure to food: effect of sibutramine, 
 fl uoxetine, topiramate, and midazolam. 
Psychopharmacology 204:1113–1115  

    46.    Corwin RL, Avena NM, Boggiano MM (2011) 
Feeding and reward: perspectives from three 
rat models of binge eating. Physiol Behav 104:
87–97  

    47.    Leibowitz SF et al (1991) Developmental pat-
terns of macronutrient intake in female and 

male rats from weaning to maturity. Physiol 
Behav 50:1167–1174  

    48.    Drewnowski A et al (1992) Food preferences 
in human obesity: carbohydrates versus fats. 
Appetite 18:207–221  

    49.    Wansink B, Cheney MM, Chan N (2003) 
Exploring comfort food preferences across age 
and gender. Physiol Behav 79:739–747  

    50.    Consoli D et al (2009) Binge-like eating in 
mice. Int J Eat Disord 42:402–408  

    51.   Nobel Foundation. Nobel Lectures, Physiology 
or Medicine. Amsterdam: Elsevier Publishing 
Company, 1967     



http://www.springer.com/978-1-62703-104-2


