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Abstract:  

Background & aims: In the last decade, the role of the microbiota-gut-brain axis in eating behavior 

and anxiety-depressive disorders has gained increasing attention. Although a gut microbiota 

dysbiosis has been reported in anorectic patients, its pathophysiological role remains poorly 

understood. Thus, we aimed to characterize the potential role of gut microbiota by evaluating the 

effects of its depletion in the Activity-Based Anorexia (ABA) mouse model both in male and female 

mice.  

Methods: Male and female C57Bl/6 mice were submitted (ABA group) or not (CT group) to the ABA 

protocol, which combines access to a running wheel with a progressive limited food access. Gut 

microbiota was previously depleted or not by a cocktail of antibiotics (ATB) delivered by oral gavages. 

We monitored body composition, anxiety-like behavior, leptin and adiponectin plasma levels, 

hypothalamic and hippocampal neuropeptides mRNA levels, as well as dopamine (DRD) and 

serotonin (5HT1 and 4) receptors mRNA expression.  

Results: In response to the ABA model, the body weight loss was less pronounced in ATB-treated ABA 

compared to untreated ABA, while food intake remained unaffected by ATB treatment. ATB-treated 

ABA exhibited increased fat mass and decreased lean mass compared to untreated ABA both in male 

and female mice, whereas but plasma adipokine concentrations were affected in a sex-dependent 

manner. Only male ABA mice showed a reduced anticipatory physical activity in response to ATB 

treatment. Similarly, anxiety-like behavior was mainly affected in ATB-treated ABA male mice 

compared to ATB-treated ABA female mice, which was associated with male-specific alterations of 

hypothalamic CRH mRNA and hippocampal DRD and 5-HT1A mRNA levels.  

Conclusions: Our study provides evidence that ATB-induced gut microbiota depletion triggers 

alterations of nutritional and behavioral responses to the activity-based anorexia model in a sex-

dependent manner.    

 

Keywords: anorexia; gut microbiota; gut brain axis; anxiety-like behavior; activity-based anorexia 
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1. Introduction:  

Anorexia Nervosa (AN) is an eating disorder described by the Diagnostic and Statistical Manual of 

Mental Disorders fifth edition (DSM-V)1 and is the mental illness with the highest mortality rate2, 

which makes it a major public health problem. AN is a multifactorial disease with female 

predominance, the lifespan prevalence being 1.4% for women and 0.2% for men3. AN is 

characterized by an undernutrition (body mass index (BMI) < 18.5 kg/m2), an intense fear of gaining 

weight and disturbance in body shape perception. Psychiatric comorbidities such as anxiety and 

depression are frequently observed4. AN is a multifactorial disease with biological, psychological, 

environmental and social influences5.  

Over the last decade, the role of the gut-brain axis in the regulation of eating behavior6 and anxiety-

depressive disorders7 has emerged. Indeed, the role of the gut microbiota on host satiety has been 

highlighted8 and gut microbiota dysbiosis (abundance and diversity) has been reported in anorectic 

patients9 10. Furthermore, it has been suggested that modifications of gut microbiota in anorectic 

patients are associated with BMI11 and body composition12, and are not completely restored after 

refeeding13. Interestingly, preliminary studies and case reports evaluating fecal microbiota 

transplantation underlined putative role of gut microbiota in the regulation of energy homeostasis 

during AN14,15,16. Finally, the gut microbiota also affects mood disorders, particularly anxiety-

depressive disorders. Indeed, patients with anxiety-depressive disorders exhibited gut microbiota 

dysbiosis17 and fecal microbiota transplantation from depressive patients to germ-free animals was 

associate with the occurrence of altered behaviors18. In addition, Neufeld et al reported reduced 

anxiety-like behavior and altered neurochemical pathways in amygdala and hippocampus in germ-

free mice19.  

Among animal models used to decipher the pathophysiology of eating disorders and particularly to 

mimic AN, the activity-based anorexia (ABA) model is one of the most commonly used20. It combines 

a free access to a running wheel and a progressive food access limitation. It leads to a severe body 

weight loss, an early physical hyperactivity, and alterations in brain structures involved in eating 
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behavior21,22 and anxiety disorders23,24. In addition, ABA mice exhibited inflammation25 and an 

intestinal hyperpermeability26. Recently, we characterized the gut microbiota alteration occurring in 

ABA mice and observed similarities with the dysbiosis observed in AN patients27. The physiological 

consequences of these gut microbiota alterations during ABA remain however unknown.   

Thus, we aimed to characterize the effects of gut microbiota depletion during the ABA model. As 

differential responses were observed in the ABA model according to the sex28, we included both male 

and female mice in our study. As gut microbiota contributes to the intestinal immune system 

maturation29, gut microbiota depletion was achieved by antibiotics treatments30. We then monitored 

body weight, food intake, physical activity and evaluated body composition, anxiety-like behavior, 

central neuropeptide response and intestinal parameters such as intestinal permeability.  

 

2. Material and Methods:  

2.1. Animals  

Animal experiment was approved by the regional ethical committed CENOMEXA (authorization N/05-

11-12/28/11-15). Experiments were carried out in accordance with current French and European 

regulations. Seven weeks old male and female C57BL/6Jrj mice (Janvier Labs, Le-Genest-Saint-Isle, 

France) were acclimated and housed at 23°C±2°C on reverse cycle (dark phase from 10:00 am to 

10:00 pm), with water and food free-access (n=4 / cage). Animals were assigned randomly to various 

experimental groups. 

 

2.2. Antifungal-antibiotics treatment   

To deplete gut microbiota, mice received a cocktail of antifungal and antibiotics (ATB) in water until 

the end of the experiment by oral gavages (10µL/g of body weight) twice a day (d) as previously 

described30. Briefly, from d1 to d3, only antifungal treatments were performed by supplying 

0.1mg/mL amphotericin-B (Sigma-Aldrich, Saint-Louis, MO, USA). Then, an antibiotic mixture 
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(Vancomycin 5 mg/mL, Neomycin 10 mg/mL, Metronidazole 10 mg/mL, Ampicillin 10 mg/mL) 

completed the treatment until the end of the protocol. Untreated mice received water by gavages.  

  

2.3. Activity-based anorexia (ABA) model  

At the beginning of the ABA procedure (d10), mice were placed individually in standard cage (CT and 

CT+ATB groups) or cages with an activity wheel (ABA and ABA+ATB groups). The ABA model has been 

performed as previously described26. ABA model combines a free running wheel access and a 

progressively limited food access from 6h/day to 3h/day (Supplemental Fig. S1). Food was given at 

the beginning of dark phase (10:00 am). Animals had free access to water. Running wheel activity has 

been continuously recorded with Activity Wheel software (Intellibio, Seichamps, France). Moreover, 

food intake and body weight were daily measured. If body weight loss was higher than 20% on 3 

consecutively days, animals were euthanized in accordance with the ethical procedure.  

 

2.4. Body composition  

At d13 (before the limitation of food access) and d27 (end of the protocol), body composition was 

assessed on vigil animals using Minispec LF110 (Brucker, Wissembourg, France), a fast-nuclear 

magnetic resonance method (n= 8/6 for male and female).  

 

2.5. Open field test  

In order to assess anxiety-like behavior, Open Field tests were performed at d13 and d27 after the 

feeding period (at 01:00 pm) (n= 8/6 for male and female). Data were collected with Fusion Software 

(Omni-Tech Electronics, Eckington, UK). 

 

2.6. Quantification of faecal bacterial density flow cytometry 

The efficiency of gut microbiota depletion was assessed by quantifying the decrease of bacterial 

density in mouse faeces using flow cytometry, as previously described30. Briefly, faecal  suspensions 
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were stained with SytoTM BC (Molecular Probes, Eugene, OR, USA) and fixed in 1X PBS-0.5% 

paraformaldehyde before being analysed by flow cytometry30. 

 

2.7. Euthanasia and sample collection 

Mice were anesthetized by intraperitoneal injection of Ketamine/Xylazine solution (40 and 1 mg/kg 

of body weight, respectively). Blood was sampled by puncture in the portal vein and plasma samples 

were then collected after centrifugation (3000 g; 20 min; 4°c). Brain was removed in order to isolate 

hypothalamus and hippocampus. Colon was collected and immediately washed with ice-cold PBS, 1 

cm-long sections were then performed and frozen in liquid nitrogen. All samples were stored at -80°C 

until analysis.  

 

2.8. Intestinal permeability assessment 

Global intestinal permeability was assessed by administration of a solution of fluorescein 

isothiocyanate-Dextran (FITC-Dextran 4 kDa) at 40 mg/mL by oral gavage (10 µL/g of body weight), 3 

hours before euthanasia, as previously described 31. Then, FITC-Dextran level was then measured on 

plasma samples using a spectrofluorometer (Chameleon Lablogic, Sheffield, UK; excitation = 485 nm; 

emission = 535 nm; Mikro Win 2000 Software).  

  

2.9. Evaluation of plasma leptin, adiponectin and corticosterone 

Plasma leptin and adiponectin levels were assessed using MILLIPLEX assay (Merckmillipore, Fontenay 

sous Bois, France) or enzyme-like immunosorbent assay (Invitrogen, Carlsbad, CA, USA), both 

according to the manufacturer’s instructions. Plasma corticosterone levels were measured by a 

Corticosterone ELISA kit (Abnova, Ann Arbor, MI, USA) according to the manufacturer’s instructions.  

 

2.10. RNA extraction and RT-qPCR  
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Total hypothalamus, hippocampus and colonic RNAs were extracted by Trizol method (Invitrogen, 

Carlsbad, CA, USA) following manufacturer’s guidelines. After DNAse treatment (Promega, 

Charbonnières-les-Bains, France), RNAs were reverse transcribed as previously reported8. Then, qPCR 

was performed using SYBRGreen technology on a Bio-Rad CFX96 real-time PCR system (Bio-Rad 

Laboratories, Marnes la Coquette, France). RPS18 gene was used as a housekeeping gene. Specific 

primer sequences of targeted mouse genes are displayed in Table 1. The values were obtained by the 

conversion of cycle threshold on concentration value by using a standard curve.  

 

2.11. Statistical analysis  

All data were analysed using GraphPad Prism 6.0 software (GraphPad Software Inc., San Diego, CA, 

USA). Data were expressed as mean ± standard error to mean. Shapiro test was used to assess 

distribution parameters. Data were analysed by repeated two-way ANOVA (time x group) or two-way 

ANOVA (ABA x ATB) followed by Bonferroni posthoc tests, as appropriate. Results were considered 

significant when p-value was lower than 0.05.  

 

3. Results:  

3.1. Impact of gut microbiota depletion during activity-based anorexia in male mice. 

In order to control the efficiency of the ATB-mediated gut microbiota depletion, we 

compared bacteria abundance in faeces obtained before and after 15 days of ATB treatment. We 

observed a strong decrease in faecal bacterial density at day 15 (98% of depletion, Fig. 1), indicating 

that the gut microbiota is efficiently depleted before starting the ABA procedure.  

At d13 (i.e. before the limitation of food access), we observed that gut microbiota depletion 

did not induce body weight changes in any groups (Supplemental Fig. S2A). Mice with access to an 

activity wheel exhibited a decreased fat mass (Supplemental Fig. S1B). Furthermore, ATB treatment 

induced an increase of fat mass (Supplemental Fig. S2B) and a decrease of lean mass (Supplemental 
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Fig. S2C). We also evaluated mice behavior and did not observe major effects of ATB treatment 

(Supplemental Fig. S2D-I), which was only associated with a reduction of the distance travelled at the 

centre of open-field system (Supplemental Fig. S2E).  

Then, we started to decrease food access and followed-up mice until day 28. In CT mice, ATB 

treatment affected neither food intake nor body weight until day 28. As previously reported 26, ABA 

mice exhibited a decrease of food intake (data not shown), which is associated to a marked decrease 

of body weight at day 28 (15.2% compared to day 16, Fig. 2A, B). Interestingly, the body weight loss 

was less pronounced in ATB-treated ABA mice (10% compared to day 16) compared to untreated 

ABA mice (Fig. 2A, B), while food intake remained unchanged (data not shown). In response to ABA 

model, mice exhibited a modification of body composition with a reduction of both fat (-27%) and 

lean masses (-20%, Fig. 2C, D). Accordingly, plasma leptin markedly decreased in ABA mice (Fig. 3A), 

while adiponectin remained unaffected (Fig. 3B). In ATB-treated mice, we observed higher fat mass 

and lower lean mass, as already observed before the limitation of food access, both in CT and ABA. 

Indeed, ATB-treated CT mice showed an increase of fat mass of approximately 60% and a decrease of 

lean mass of 15% compared to untreated CT mice, whereas ATB-treated ABA mice exhibited an 

increase of 79% in fat mass and a decrease of 16% in lean mass compared to untreated ABA mice 

(Fig. 2C, D). ATB did not affect plasma leptin neither in CT nor in ABA mice (Fig. 3A), but increased 

plasma adiponectin level (ANOVA p (ATB) < 0.05, Fig 3B). In accordance with the absence of 

modification in food intake in ATB-treated ABA mice, hypothalamic NPY and POMC mRNA levels 

were not modified by ATB treatment in ABA mice (Fig. 4 A, B). Nevertheless, the increase of 

anticipatory physical activity was less pronounced in ATB-treated ABA mice compared to untreated 

ABA mice (Fig. 2E).  

As we and others previously reported that intestinal permeability is affected either during 

ABA model26 or in response to ATB treatment33, we measured intestinal permeability in our model. 
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We observed that intestinal permeability was not significantly modified in male mice in our tested 

conditions (Fig. 3C). 

We then focused on anxious behavior that was assessed at day 27. ABA mice exhibited 

altered behavior compared to CT mice: the distances travelled by mice at the center and at the 

periphery of the open field area were decreased while the time spent in these two areas remained 

unchanged. Consequently, the ratio distance / time decreased both at the center and at the 

periphery (Fig. 5 A-E). In addition, immobility time was increased in ABA mice compared to CT mice 

(Fig. 5G). ATB-induced gut microbiota depletion was associated with a more pronounced decrease of 

the travelled distance and of the ratio distance / time at the periphery in ABA mice compared to 

untreated ABA mice (Fig. 5E, F). A similar trend was observed at the center but difference did not 

reach significance (Fig. 5B). Interestingly, this effect was not observed in ATB-treated CT mice. In 

addition, ATB-treated ABA mice exhibited a reduced vertical activity compared to other groups (Fig. 

5H). Plasma corticosterone remained unchanged (data not shown), while the increase of 

hypothalamic CRH mRNA observed in untreated ABA mice was totally blunted by ATB treatment (Fig. 

5I). Hypothalamic TNFα and TLR4 mRNA levels were not modified (data not shown). In the 

hippocampus, we evaluated dopaminergic and serotoninergic systems by assessing dopamine and 

serotonin receptors. For DRD1, DRD2 and 5-HT1A (Htr1a gene), the ANOVA p-value for interaction 

was significant while there was no difference for 5-HT4 (Htr4 gene, Fig. 6A-D). Our data suggest that 

ATB treatment blunted the increase of DRD1 and DRD2 mRNA in ABA mice compared to CT (Fig. 6A, 

B). A similar pattern was also observed for TNFα mRNA (Fig. 6E) By contrast, 5-HT1A mRNA level was 

only decreased in ATB-treated ABA mice compared to ATB-treated CT mice but not in untreated ABA 

mice (Fig. 6C). Finally, BDNF mRNA levels remained unchanged (Fig. 6F). 

3.2. Impact of gut microbiota depletion during activity-based anorexia in female mice. 
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As the prevalence of anorexia nervosa is higher in females than in males 34 and as mice exhibit sex-

dependent differential responses to the ABA model 28, we thus decided to perform similar 

experiments in female mice.  

As observed in males, ATB treatment led to a marked depletion of bacteria in mouse faeces 

(95% of depletion, Supplemental Fig. S3) with no impact on body weight but an increase of fat mass 

and a reduction of lean mass (Supplemental Fig. S4A-C). ATB treatment did not markedly affect 

female behavior, as we only observed a decrease of the time spent at the center of the open field 

area without any difference for the other measured parameters (Supplemental Fig. S4D-I).  

After the beginning of the food access limitation, ABA female mice exhibited a body weight 

loss until day 22 (-21.7% vs day 16), but then partially recovered at day 28 (-11.1% vs day 16, Fig. 7A), 

as previously reported 21. ATB-treated ABA mice exhibited a limitation of the body weight loss until 

day 22 compared to untreated ABA mice (-12.1% vs day 16, p<0.05, Fig. 7A). However, at day 28, 

body weight change was not different between ATB-treated and untreated ABA female mice (Fig. 

7B). As observed in male mice, ATB affected body composition with an increase of fat mass and a 

decrease of lean mass in female mice submitted to the ABA model (Fig. 7C, D). However, plasma 

leptin and adiponectin concentrations were lower in ATB-treated ABA mice compared to untreated 

ABA mice (Fig. 8A, B). Food intake was reduced in ABA mice compared to CT mice, but was not 

affected by ATB treatment (data not shown) that was in agreement with the observed hypothalamic 

mRNA levels for NPY and POMC (Supplemental Fig. S5). In contrast to male mice, ATB-treated ABA 

female mice developed a similar anticipatory physical activity compared to untreated ABA mice (Fig. 

7E). We did not observe any major effects of ATB treatment on female behavior at the end of the 

ABA protocol. Indeed, although ABA protocol induced a decrease of the distance travelled at the 

periphery of the open field area, an increase of immobility time and a decrease of vertical activity, 

ATB-treated ABA female mice did not exhibit exacerbated or blunted behavior compared to 

untreated ABA mice (Fig. 9 A-G). Accordingly, ATB treatment affected neither plasma corticosterone 
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(data not shown) nor hypothalamic CRH mRNA expression (Fig. 9I) nor hippocampal dopaminergic 

and serotoninergic receptors mRNA levels (Supplemental Fig. S6). Finally, ATB-treated ABA female 

showed a marked increase of intestinal permeability compared to untreated ABA mice and ATB-

treated CT mice (Fig. 8C) that was not observed in male mice.  

 

4. Discussion:  

Recent data suggest that the gut microbiota contributes to the pathophysiology of eating 

disorders and particularly of AN10. Gut dysbiosis has been described in AN patients before and after 

refeeding35. These data have also been observed in ABA model both in rats36 and mice27. Indeed, in a 

recent study, we characterized the gut microbiota alterations occurring in ABA mice27 and observed 

some similarities with the dysbiosis reported in AN patients. We thus aimed to evaluate the 

contribution of gut microbiota in the ABA model, by monitoring the consequences of antibiotics-

induced depletion. We report that antibiotics-induced gut microbiota depletion induces a similar 

modification of body composition in female and male mice, is associated with a limitation of body 

weight loss in the activity-based anorexia model in both sexes, but triggers a sex-dependent 

alteration of anxiety-like behavior. 

 

Before the progressively time-limited food access, voluntary activity induced a sex-dependent 

modification in body composition of untreated mice. In contrast, antibiotics-induced gut microbiota 

depletion similarly induced an increase of adiposity and a reduction of lean mass in both sexes. Of 

note, body weight remained unaffected by antibiotics in accordance with previous data showing that 

different antibiotics cocktails, did not affect body weight both in female37 and male38, 39 mice and 

Siberian hamsters40.  

By contrast, after the beginning of the food access limitation, mice with depleted microbiota 

exhibit a less pronounced body weight loss compared to untreated mice. This effect was observed in 
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both female and male mice, even if it seems to be more pronounced in males. As observed before 

the limited food access, antibiotics treatment was associated with an increase of fat mass and a 

decrease of lean mass in response to the ABA mocel whatever the sex. To our knowledge, our study 

shows for the first time that gut microbiota depletion induced by antibiotics limits body weight loss 

during ABA model in both female and male mice. Contradictory data have been shown in germ-free 

mice that are less able to survive to starvation41. In the present study, we did not observe 

modification of food intake between untreated and antibiotics-treated mice, also during ABA model.  

Concerning body composition, antibiotics treatment was associated with a reduction of muscle 

mass in male mice38. Similar data have been observed in germ-free male mice42. However, in those 

studies, the authors did not report on the amount of fat mass. By contrast, in female mice, antibiotics 

in early life did not affect lean mass but increased adiposity37. However, to our knowledge, the 

comparison of the effects of gut microbiota depletion on body composition between female and 

male mice remain until now undocumented. In Siberian hamsters, Sylvia et al studied the sex-specific 

modulation of microbiota in body weight, but did not assess body composition40. As previously 

reported28, female and male mice exhibit different responses during ABA model. Indeed, in females, 

body weight loss was maximal at day 22, and then mice recovered that contributes to hide the 

differences between antibiotics-treated and untreated mice, and may explain the increased adiposity 

in female ABA mice compared to controls. By contrast, in males, the body weight loss persists until 

the end of protocol. In the present study, we thus demonstrated that antibiotics treatment increased 

adiposity and reduced lean mass in young adult mice in a sex-independent manner.  

 

Anxiety and depression are frequent comorbidities during anorexia nervosa43, 44 and the role of 

microbiota-gut-brain axis in these comorbidities has been suggested45. Interestingly, mice receiving 

the transplantation of gut microbiota from patients with anxiety exhibit anxious behavior46, 

suggesting that the microbiota can be involved in psychiatric comorbidities in anorectic patients. In 

our study, before the limitation of food access, antibiotics treatment was not associated with major 
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modification of behavior of female and male mice placed in standard cages or in cages equipped with 

an activity wheel. We only observed a decrease of the distance travelled at the center of the open 

field area in male mice. At the end of ABA model, only male mice showed an altered behavior in 

response to antibiotics treatment. Indeed, the distance travelled at the periphery of the open field 

area was reduced in antibiotics-treated male mice. We observed a statistical antibiotics effect (2-way 

ANOVA) suggesting an increased immobility time, which is in consistent with the observed decrease 

of vertical activity. Along the same line, anticipatory physical activity was reduced in antibiotics-

treated male mice compared to untreated mice. Finally, antibiotics treatment completely blunted the 

increase of hypothalamic CRH mRNA expression in response to ABA model. These alterations were 

not all present in female mice. Previous data focusing on broad-spectrum antibiotics showed that 

long-term exposure to ceftriaxone reduced both anxiety and aggressive behavior in male BALB/c 

mice47. By contrast, ampicillin administration increased anxiety and immobility in male BALB/c 

mice39. In Siberian hamsters, aggressive behavior was reduced by enrofloxacin in both females and 

males but only male animals restored it to control level after stopping treatment40. In humans, 

antibiotics exposure led in contrast to an increased risk to develop anxiety-like behaviors48. These 

behavioral changes were associated with gut microbiota alterations40, 47, 39. Interestingly, anxiety-like 

behavior has also been studied in germ-free animals. The absence of microbiota was associated with 

an anxiolytic behavior both in female19 and male48 germ-free mice. To our knowledge, we showed 

here for the first time that gut microbiota depletion induced by antibiotics alters the behavioral 

response to ABA model but only in male mice. Previous data reported gut microbiota dysbiosis in 

response to ABA36, 27, 49 but it is interesting to note that these data have been obtained in male36 and 

female49 rats and in male mice27. It may be interesting to further compare gut microbiota alterations 

between male and female mice in response to ABA model. The underlying mechanisms or microbiota 

metabolites involved in the microbiota-gut-brain axis remain to be studied during the ABA model. 

Faecal and plasma metabolome has recently been described in response to the ABA model, but only 

in female mice50. We can speculate that several metabolites such as short-chain fatty acids, indole or 
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ClpB could be involved51. Indeed, it was recently reported that in response to a chronic stress, indole 

increased emotional responses52 and that the bacterial ClpB protein, a mimetic of αMSH 

neuropeptide, contributed to the response to the ABA model53. To better understand the central 

regulation of behavior in our conditions, we studied dopaminergic and serotoninergic systems in the 

hippocampus by evaluating mRNA levels of their receptors, as well as TNFα and BDNF. Again, we only 

observed a response to antibiotics treatment during ABA model in male mice. Indeed, for DRD1, 

DRD2, 5HT1R and TNFα, a statistical interaction between ABA and antibiotics (2-way ANOVA) was 

observed. ABA-induced increases of DRD1, DRD2 and TNFα were blunted by antibiotics. The role of 

these alterations in the behavioral changes during ABA model remains to be further studied. In 

female mice, antibiotics did not affect these parameters in response to ABA model. The role of sex 

hormones that were able to affect bacterial ClpB protein levels or other bacterial metoabolites in 

response to host starvation54 should be deciphered. 

 

In conclusion, we report here for the first time that antibiotics-induced gut microbiota depletion 

limits body weight loss and modifies body composition in response to the ABA model, in a similar 

manner in female and male mice. By contrast, gut microbiota depletion affects behavioral responses 

to the ABA model only in male mice.  We anticipate that our results will pave the way for further 

studies aiming at better understanding the underlying mechanisms and at targeting gut microbiota in 

order to improving different facets of anorexia pathophysiology. 
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Table 1: Primer sequences for qPCR 

 

Gene Forward primer Reverse primer 

RPS18 TGCGAGTACTCAACACCAACA TTCCTCAACACCACATGAGC 

NPY CTGCGACACTACATCAATCT CTTCAAGCCTTGTTCTGG 

POMC CCTCCTGCTTCAGACCTCCA GGCTGTTCATCTCCGTTGC 

CRH AGAAGAGAGCGCCCCTAAC ATCAGAACCGGCTGAGGTTG 

DRD1 GTAGCCATTATGATCGTCAC GATCACAGACAGTGTCTTCAG 

DRD2 CTGGAGAGGCAGAACTGGA TAGACGACCCAGGGCATAAC 

HTR1a TACGTGAACAAGAGGACGCC  AAAGCGCCGAAAGTGGAGTA 

HTR4 GGGTTCTGCGCTAAAGGTGG  GCTCCTGGGGTTCTGATCTC 

TNFα TGTCTACTCCTCAGAGCCCC TGAGTCCTTGATGGTGGTGC 

BDNF TGTGACAGTATTAGCGAGTGGG  TACGATTGGGTAGTTCGGCATT 

 

 

  



21 

 

Figure legends 

Figure 1: Faecal bacteria depletion induced by antibiotics in male mice. 

Qquantification of bacterial density in mouse faeces at day 0 (d0) and day 15 (d15) in ATB-treated 

control (CT, open bars) and ATB-treated ABA (blue bars) male mice. Exact p-values are displayed in 

Supplemental table 1. Results of Bonferroni posthoc tests are shown: ***, p<0.001 vs day 0.  

 

Figure 2: Body weight changes, body composition and anticipatory activity in male mice.  

Body weight changes from day 16 to day 28 (A.), in control (CT, closed circles), ATB-treated CT (open 

circles), and in ABA (closed triangles) and ATB-treated ABA (open triangles) male mice. Body weight 

changes at day 28 (B.), fat mass (C.), lean mass (D.) and anticipatory activity (E.). Column bar graphs 

show CT and ATB-treated CT male mice (open bars) and ABA and ATB-treated ABA male mice (blue 

bars). In each panel, the boxed text represents the results of the 2-way ANOVA (n=6-8/per group for 

body composition and n=13-16/per group for anticipatory activity). The p-value of the underlined 

and bold factor is lower than 0.05. Exact p-values are displayed in Supplemental table 1. Results of 

Bonferroni posthoc tests are shown: *, p<0.05 vs CT or ATB-treated CT, #, p<0.05 vs untreated (no 

ATB) mice and $, p<0.05 vs day 5. 

 

Figure 3: Plasma leptin, adiponectin and FITC-dextran concentrations in male mice. Plasma Leptin 

(A.), adiponectin (B.) and FITC-dextran 4kDa (C.) levels measured at day 28 in control (CT) and ATB-

treated CT male mice (open bars) and in ABA and ATB-treated ABA male mice (blue bars). In each 

panel, the boxed text represents the results of the 2-way ANOVA (n=13-16/per group for leptin and 

adiponectin n=6-8/group for FITC-dextran). The p-value of the underlined and bold factor is lower 

than 0.05. Exact p values are displayed in Supplemental table 1. Results of Bonferroni posthoc tests 

are shown: *, p<0.05 vs CT or ATB-treated CT mice. 

 

Figure 4: Hypothalamic pro-opiomelanocortin (POMC) and neuropeptide Y (NPY) mRNA expression 

in male mice.                                                          

NPY (A.) and POMC (B.) mRNA expression at day 28 in control (CT) and ATB-treated CT (open bars) 

and in ABA and ATB-treated ABA (blue bars). In each panel, the boxed text represents the results of 

the 2-way ANOVA (n=13-16/per group). The p-value of the underlined and bold factor is lower than 

0.05. Exact p-values are displayed in Supplemental table 1. Results of Bonferroni posthoc tests are 

shown: *, p<0.05 CT vs ABA, #, p<0.05 ATB-treated CT vs ATB-treated ABA mice. 
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Figure 5: Results of Open field test and quantification of hypothalamic cortico-releasing hormone 

(CRH) mRNA levels in male mice.  

Time (A.) travelled distance (B.), and travelled distance over time ratio (C.) at the center of the open 

field area measured at day 27 in control (CT) and ATB-treated CT (open bars) and in ABA and ATB-

treated ABA (blue bars) male mice. Time (D.) travelled distance (E.) and travelled distance over time 

ratio (F.) at the periphery of the open field area measured at day 27. Immobility time (G.) and vertical 

activity (H.) measured during the open filed test at day 27. Quantification of hypothalamic CRH (I.) 

mRNA expression at day 28 in male mice. In each panel, the boxed text represents the results of the 

2-way ANOVA (n=6-8/per group for open field test and n=13-16/per group for CRH quantification). 

The p-value of the underlined and bold factor is lower than 0.05. Exact p values are displayed in 

Supplemental table 1. Results of Bonferroni posthoc tests are shown: *, p<0.05 vs CT or ATB-treated 

CT, #, p<0.05 vs untreated (no ATB) mice. 

 

Figure 6: Hippocampal dopaminergic receptor 1 (DRD1) and 2 (DRD2), serotoninergic receptor 1 (5-

HT1A) and 4 (5-HT4), tumor necrosis factors α (TNFα) and brain-derived neurotrophic factor (BDNF) 

mRNA expression in male mice.  

DRD1 (A.) DRD2 (B.) 5-HT1A (C.) 5-HT4 (D.) TNFα (E.) and BDNF (F.) mRNA expression at day 28 in 

control (CT) and ATB-treated CT (open bars) and in ABA and ATB-treated ABA (blue bars) male mice. 

In each panel, the boxed text represents the results of the 2-way ANOVA (n=13-16/per group). The p-

value of the underlined and bold factor is lower than 0.05. Exact p-values are displayed in 

Supplemental table 1. Results of Bonferroni posthoc tests are shown: *, p<0.05 CT vs ABA, #, p<0.05 

ATB-treated CT vs ATB-treated ABA mice. 

 

Figure 7: Body weight changes, body composition and anticipatory activity in female mice.  

Body weight changes from day 16 to day 28 (A.), in control (CT, closed circles), ATB-treated CT (open 

circles), ABA (closed triangles) and in ATB-treated ABA (open triangles) female mice. Body weight 

changes (B.)  at day 27, fat mass (C.), lean mass (D.) and anticipatory activity (E.). Column bar graphs 

show CT and ATB-treated CT female mice (open bars) and ABA and ATB-treated ABA female mice 

(red bars). In each panel, the boxed text represents the results of the 2-way ANOVA (n=6-8/per 

group). The p-value of the underlined and bold factor is lower than 0.05. Exact p-values are displayed 

in Supplemental table 1. Results of Bonferroni posthoc tests are shown: *, p<0.05 vs CT or ATB-

treated CT, #, p<0.05 vs untreated (no ATB) mice and $, p<0.05 vs day 5. 

 

Figure 8: Plasma leptin, adiponectin and FITC-dextran concentrations in female mice.  



23 

 

Plasma Leptin (A.), adiponectin (B.) and FITC-dextran 4kDa (C.) levels measured at day 28 in control 

(CT) and ATB-treated CT female mice (open bars) and in ABA and ATB-treated ABA female mice (red 

bars). In each panel, the boxed text represents the results of the 2-way ANOVA (n=6-8/per group). 

The p-value of the underlined and bold factor is lower than 0.05. Exact p-values are displayed in 

Supplemental table 1. Results of Bonferroni posthoc tests are shown: *, p<0.05 vs CT or ATB-treated 

CT, #, p<0.05 vs untreated (no ATB) mice. 

 

Figure 9: Results of Open field test and hypothalamic cortico-releasing hormone (CRH) mRNA 

expression in female mice.  

Time (A.) travelled distance (B.), and travelled distance over time ratio (C.) at the center of the open 

field area measured at day 27 in control (CT) and ATB-treated CT (open bars) and in ABA and ATB-

treated ABA (blue bars) female mice. Time (D.) travelled distance (E.) and travelled distance over 

time ratio (F.) at the periphery of the open field area measured at day 27. Immobility time (G.) and 

vertical activity (H.) measured during the open filed test at day 27. Quantification of hypothalamic 

CRH (I.) mRNA expression at day 28 in female mice. In each panel, the boxed text represents the 

results of the 2-way ANOVA (n=6-8/per group for open field test and for CRH quantification). The p-

value of the underlined and bold factor is lower than 0.05. Exact p-values are displayed in 

Supplemental table 1. Results of Bonferroni posthoc tests are shown: *, p<0.05 vs CT or ATB-treated 

CT. 
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Figure 9
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