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Material and Methods 
 
Binge Eating experimental procedure 
Twenty-four female Sprague Dawley rats were exposed (R) (or not exposed, NR) for 24 days to three 8-days 
cycles of food restriction (66% of their chow intake on days 1–4 and free feeding on days 5–8 of each cycle), 
during which they were given access to palatable food for 2 hours during the light cycle between 10:00 A.M. 
and 12:00 P.M. on days 5–6 and 13–14 of the first two cycles. Restriction to 66% of normal chow intake was 
defined for the first cycle based on the intake measured in the 6 days before the beginning of the experiment. 
For the second and third cycles, 66% restriction was defined based on the intake of restricted rats during the 
last 2 days of each 8-days cycle, when rats received only standard chow ad libitum. Daily standard food intake 
is shown in Figure S1. 
On the first feeding test day (Day 25), half of the rats in each group were subjected to a 15-min frustration 
stress (S), consisting of the exposure to palatable food placed out of reach. The second half of rats in each group 
were not exposed to the stress manipulation (NS).  
After 15 min of stress exposure, the palatable food was placed inside the cage for all rats and food intake was 
determined for 2 hours. Food intake was expressed as mean kilocalories ingested, normalized to rat body 
weights (kg) ± SEM.  
To note, once assigned to one of these groups, the rats remained in that group throughout the experiments. 
After 1 day off (free feeding day), rats were exposed or not to further 4 days of food restriction, followed by 4 
days of free chow availability (see Figure 1a in the main text), in order to recover the previously lost body 
weight, before the access to palatable food for the second feeding test (Day 35). Following the identical 
schedule, the third (Day 45), and fourth (Day 55) feeding tests were performed, and in the fifth last test on Day 
65, the rats were sacrificed immediately after stress, before eating palatable food, and the brains were collected. 
In accordance with our previous studies, binge eating (BE) behavior occurred only in Restricted and Stressed 
rats (R + S rats) with respect to the other groups. Since we [1,2] and others [3–7] previously observed that BE 
episode does not occur during the estrous phase, all female rats in each experimental group in this phase 
during the 4 feeding tests (day 25, 35, 45 and 55) were excluded from the statistical analysis. The hormonal 
fluctuations during the estrous cycle in non-testing days do not influence the development of the animal model 
[1,2]. At the beginning of the animal model, it is not possible to predict the precise estrus phase that the 
individual rat will have on the day of the feeding test for several reasons: some rats presented longer regular 
or irregular cycles [8–10], the synchronization of estrous cycle in all rats is highly unlikely [11–15] and food 
restrictions may influence the cyclicity of estrous cycle [16–20]. Considering the latter, Sprague–Dawley rats 
were chosen for our BE protocol, because this strain showed reliable cycle patterns during food deprivation 
[20]. 
The significantly increased palatable food intake (P < 0.01) in R + S rats compared to the other groups, in each 
feeding test, was maintained over time as shown in the Figure S2, since no significant interaction among the 
three conditions (food restriction” and “stress” and “time”) was detected [F(3, 47) = 0.57  , P > 0.05]. 
Diets 
Animals were offered standard rat food pellets, 4RF18, Mucedola, Settimo Milanese, Italy (2.6 kcal/g). The 
palatable food was a paste in texture, prepared by mixing Nutella (Ferrero, Alba, Torino, Italy) chocolate cream 
(5.33 kcal/g; 56%, 31% and 7% from carbohydrate, fat, and protein, respectively), grounded food pellets (4RF18, 
Mucedola, Settimo Milanese, Italy) and water in the following weight/weight percent ratio: 52% Nutella, 33% 
food pellets, 15% water. The palatable food diet had an energy density of 3.63 kcal/g. 
 
Chemical and reagents 
Analytical standards as N-arachidonoylethanolamide (AEA), N-arachidonoylethanolamide-d8 (AEA-d8), 2-
arachidonoylglicerol (2-AG), 2-arachidonoylglicerol-d8 (2-AG-d8), Palmitoylethanolamide (PEA), 
Palmitoylethanolamide-d8 (PEA-d4), Oleoylethanolamide (OEA) and Oleoylethanolamide-d4 (OEA-d4) were 



purchased from VinciBiochem s.r.l. (Vinci, FI, Italy). Water, methanol, acetonitrile, formic acid and chloroform, 
all UHPLC grade solvents, were purchased from VWR (Radnor, Pennsylvania, USA). 
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Figure S1. Schematic representation of standard food intake (grams) monitored throughout the entire duration 
of the study (from Day 1 to 65); n = 6 per group. Data are reported as Mean ± SEM. 
 

 
 
Figure S2. Mean ± SEM of cumulative palatable food intake (kcal/kg) during the four feeding tests in each 
experimental groups: NR + NS: Non restricted and Non stressed rats; NR + S: Non restricted and Stressed rats; 
R + NS: Restricted and Non stressed rats; R + S: Restricted and Stressed rats. * *P < 0.01 different from the other 
three groups in each feeding test; n = 5-6 per group. Data were analyzed by the mixed-effects model ANOVA, 
which included the between-subjects factors of “food restriction” and “stress” and the within-subjects factor 
“time” [food restriction F(1, 20) = 65.95 , P < 0.0001; stress F(1, 20) = 38.64, P < 0.0001; interaction food restriction 
x stress [F(1, 20) = 52,25, P < 0.0001; interaction food restriction x stress x time F(3, 47) = 0.57  , P > 0.05]. 



Bonferroni’s post hoc tests were used to follow up on significant interaction or main effects (P < 0.05) from the 
factorial ANOVAs for each feeding test. 
 

 
Figure S3: Correlation between Faah expression and DNA methylation level at CpG 5 (a) and AEA levels (B)  
and correlation between AEA levels and DNA methylation level at CpG 5 (c) and palatable food intake (d) ) 
in rats Hyp. Data were compared by Spearman's rank correlation coefficient, P and r values are reported. 
 
 
 
 
 
 
 
 
 
Tables 
 
Table S1. List of primers used for quantitative real-time RT–PCR. 
 

GENE Forward Reverse  
β-Act agatcaagatcattgctcctcct acgcagctcagtaacagtcc 
Gapdh agacagccgcatcttcttgt cttgccgtgggtagagtcat 
Cnr1 ttccaccgtaaagacagccc tccacatcaggcaaaaggcc 



CB2 ttgaccgatacctatgtctgtgc tgctttccagaggacataccc 
Faah atggaagtcctccaagagc tagagctttcaggcatagcg 
Nape-pld tgtcccgggttccaaagaggagc accatcagcgtcgcgtgtcc 
Dagl attctctccttcctcctgc atttgggcttggtgcttcg 
Magl atgttgaagaggctggacatgc atgcagattccggattggc 

 
Table S2. Details of sequences and primers employed during the analysis of DNA methylation  
 

GENE PRIMERS (5’ – 3’) SEQUENZE TO ANALYZE* 

GENOMIC 
LOCATION 

(Rat mRatBN7.2) 

Cnr1 

F: agaagggtaagatttggtatagtg 

R-biotin: aactatacaactaaataaacaccacatta 

S: gtggagtttgggaatagttt 

…tagcttttccgcctcccgccccctcgatactggccag 

tggtccccaggtgtcctacgcgga 

gttcgtgttccgtgttccagaaga… 

Chromosome 5: 

48410585 - 
48410669 

Faah Included in the assay PM00559699 
…ccggccgccccggtgtttttgag 

ggtgcccacgcgga… 

Chromosome 5: 

129498868 - 
129498907 

Dagl Included in the assay PM00453670 …cgggcagcgtgatttttccgggcga… 

Chromosome 1: 

206946937 - 
206946964 

Magl Included in the assay PM00551978 
…ggcggggagggcgcggacccggtggt 

gctgccctgcggccgcga… 

Chromosome 4: 

121192795 - 
121192838 

*Bold text = CpG sites analysed; Lowercase letters = 5' upstream sequence. 
 
 
Table S3. Primer sequences used for histone modification experiments. 
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