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SUPPLEMENTARY MATERIAL
Supplemental Description of Material and Method
Animals 
The total number of subjects was 35 females (36 during ABA1) and 25 males, all of C57BL6j background and from 7 cohorts. The animal facility operated on a 12/12 light-dark cycle with lights on at 0700h. If not specified, dry food, wet food, and water were all given ad libitum. All animals were group-housed with a total of 2-4 per cage with littermates of the same sex after weaning on postnatal day 25 to 26 (P25), up to P36±3 and were singly housed thereafter. All procedures were in accordance with the NIH Guide for the Care and Use of Laboratory Animals and approved by IACUC of New York University (A3317-01).
Some were heterozygous or homozygous (HOM) for the Cre recombinase gene knock-in in parvalbumin-containing (PV) cells (PV-Het and PV-HOM, strain no. 017320, Jackson Laboratory, Maine) or homozygous for the Cre recombinase gene knock-in in somatostatin cells (SOM-HOM, Strain # 013044; Jackson Laboratory). These mice of varying genotypes were distributed across the treatment groups as shown in Supplemental Table 1. None of the mice used in this study carried both the ‘cre’ and ‘lox’ genes, so no deletion, insertion, translocation or inversion is expected of their DNA and consequently, no phenotypic change is expected.
Supplemental Table 1.
             Treatment
Genotype
Females
Males

30mgKetx3
10mgKetx3
Vx3
30mgKetx3
10mgKetx3
Vx3
PV-Het & PV-Hom
6
3
4
4
4
5
SOM-Hom
4
4
4
1
4
3
C57BL6 WT
4
1
6
3
0
1
Total
14
8
14
8
8
9
This table shows the number of animals of each genotype assigned to one of six groups.


 Pilot study verified no difference in food restriction-evoked hyperactivity behavior across these genotypes during ABA1 (see Supplemental Results, below), justifying the combining of data across genotypes. None had been surgerized. Although this genetic modification did not cause detectable changes in wheel running prior to or during food restriction, the possibility remains that this modification could alter ketamine responsivity.  Our observations revolving sub-anesthetic doses of ketamine withstood any potential differences in ketamine responsiveness that may be caused by the Cre knock-in.

 The animal facility operated on a 12/12 light-dark cycle with lights on at 0700h. If not specified, dry food, wet food, and water were all given ad libitum. All animals were group-housed with a total of 2-4 per cage with littermates of the same sex after weaning on postnatal day 25 to 26 (P25), up to P36±3 and were singly housed thereafter.




Activity-based anorexia paradigm
ABA1 and single-housing started on P36±3. During the first 5 days, animals underwent acclimation to the addition of a wheel in the cage, and were exposed to wet food (0.998 kcal/g), in addition to dry food pellets that they had received before weaning (3.07 kcal/g). Baseline wheel running, weight and food consumption data were collected daily, and compared to data collected daily on remaining days of the experiment, for monitoring changes in wheel running, weight and food consumption during different periods.
Food restriction (FR) of ABA1 lasted for exactly three days, beginning at 1 pm on P41±3 (FR1) until 10 am on P44±3 (FR3), during which time animals’ food access was limited to 2 hours, from 7 pm (when the light went off) to 9 pm. During the hours without food, a water gel cup (0 kcal/g) was placed where the wet food had been placed during acclimation, and the dry food hopper remained in place but empty. Wheel activity was monitored at a one-minute resolution, then binned hourly and by the periods of FAA (food-anticipatory activity, 1pm to 7 pm, all during the hours of daylight), FA (2 hours of food availability, 7 pm to 9 pm) and postprandial (9 pm-1am) (Fig. 1b). Note that the hours of FAA were as set in prior published studies from the Aoki Lab, based on the observation that wheel running increases significantly during the days of FR, starting from 1 pm, equal to 6 hours preceding the feeding time (Chowdhury et al., 2013).  Recovery lasted for 5-6 days, during which time wheels were removed, food access became ad libitum, and animals remained singly housed.  
Re-acclimation to the wheel for ABA2 lasted 3-4 days. The extent of wheel running and food consumption during the re-acclimation period was used to determine the new baseline for the FR period of ABA2. During the latter two days of the re-acclimation period leading up to the FR days of ABA2, animals were mock-injected by holding them and touching their abdomen area lightly with a syringe without a needle, to acclimate animals to the handling required for intraperitoneal (IP) injections on later days. After 2 days of mock-injections, all animals were injected with sterile saline (IP, 0.2 cc/20 g body weight) on FR1 of ABA2, to acclimate animals to IP injections. The FR period of ABA2 lasted exactly four days (FR1 to FR4), during which time relapse of anorexia-like behaviors of excessive exercise, voluntary food restriction and BW loss were assessed.  On FR2, 3 and 4 of ABA2, animals were injected IP with vehicle alone (sterile saline, Vx3, N=14 females; N=9 males) or ketamine (Henry Schein, Melville, NY) diluted with sterile saline to a dose of 30 mg/kg (30mgKetx3, N=14 females, N=8 males). A smaller group of animals (N=8) was injected with 10 mg/kg (10mgKetx3) for an adjunct pilot study (Supplemental Material). The injected volume was equalized to be 0.2 cc/20 g weight. The time of injection was 6 pm, 1 hour before the dark phase and start of the feeding hours.   After FR4 of ABA2, all animals underwent a second recovery for 5-6 days. 
Re-acclimation to the wheel for ABA3 spanned 3 days. Animals then underwent FR exactly 4 days, and recovered for 3-5 days. After at least 3 days of recovery from the final FR, animals were tested for anxiety-like behavior on the elevated plus maze (EPM, see below), then euthanized 1 to 6 days later.
Weights of all animals were measured daily at around 1pm for non-FR days and FR1 and at 7pm and 9pm for all FR days. The weights of dry and wet food were also measured whenever body weights were measured, for calculating total kilocalories (kcal) consumed per day. 
Wheel activity was recorded manually whenever weights were measured. Wheel activity was also recorded at one-minute resolution during all hours of wheel access. On FR days, wheel running was binned for the food anticipatory activity (FAA) phase of 1-7 pm; food access hours of 7 pm to 9 pm (FA); post-prandial hours of 9 pm – 7 am (PP); and light hours of 7 am to 1 pm. 
The group sizes of the 36 females were as follows: 14 for Vx3; 8 for 10mgKetx3 (described in Supplemental Material), 14 for 30mgKetx3. For the 25 males (data described in Supplemental Material), the group sizes were 9 for Vx3, 8 for 10mgKetx3, and 8 for 30mgKetx3. 
Food
Wet food comprised of Clear H2O brand DietGel 76A in plastic cups, 0.998 kcal/g. Dry food was pellets that they had received before weaning (LabDiet Rodent Diet 20 EXT (5053); 3.07 metabolizable energy kcal/g). During FR, animals also received water gels in plastic cups (Clear H2O brand Hydrogels Produce #70-01-5022, 0 kcal/g).
Bedding materials 
Bedding materials were changed at the beginning and end of FR periods, so as to remove all pellet crumbs but with small amounts from soiled bedding included. This procedure was performed at 9 pm of every FR night, to prevent food availability completely from 9 pm until 7 pm of the next day. At all times, the bedding material served to minimize cold stress, consisting of two squares of nestlets (Ancare, pulped cotton fiber), nesting sheets (Bio-Serve K3510) and Alpha-dri bedding (Shepherd Specialty Papers).
Vaginal smears 
Vaginal smears to monitor estrous cycle of females was not performed because FR is already known to disrupt the estrous cycle. Moreover, the handling required to assess the estrous cycle exacerbates anxiety of animals already stressed by FR. This additional stress was considered undesirable perturbations (Chen et al., 2016). 

EPM 
EPM was administered after weight restoration following ABA3, only once, to avoid losing sensitivity to anxiety-like behavior (Schrader et al., 2018). EPM duration was 10 min. The time spent in the open arms and frequency of entering the open arms were recorded and analyzed using the EthoVision XT13‘s tracking system (Noldus Information Technology, Wageningen, The Netherlands). 

Euthanasia 
Euthanasia at the end of the experiment was achieved a few days after EPM tests by deep anesthesia using urethane (34%, 0.2 -0.3 cc/20 g), during which time animals were transcardially perfused with 20 ml of phosphate-buffered saline, pH 7.4, containing 1 U/ml of heparin, followed, without interruption, by perfusion with 250 ml of 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.4), all at a rate of 25 ml/min. 

Statistical analyses. 
Averaged values of hunger-evoked wheel activity, food consumption and weights were assessed for the FR-days, but excluded data from FR1, when animals were not yet hungry or underweight.  Data were individualized by calculating the change evoked by FR, relative to baseline data obtained during the 2 days preceding FR. For weights, the change was calculated as percent, relative to baseline. Wheel activity was calculated as the increase, relative to baseline. Instead of using an arbitrary criterion to determine whether the mouse developed severe, moderate or no anorexia-like behavior (Wu et al., 2014), all animals’ data were included and correlation analyses were run to assess individualized effects of FR and of ketamine. The only analysis that excluded data was within-group paired comparison of running during the hours of food accessibility (FA-minus-baseline, fig. 3d,e). One of 14 females in the 30mgKetx3 group and one of 13 females in the Vx3 group did not decrease their running during food accessibility of ABA2. This decrease was expected based on prior examination of 177 female mice that underwent ABA, justifying exclusion of the two mice. 
Data was processed and plotted using GraphPad Prism Version 7.01 or 9. Normality of the distribution of measures was tested using the D’Agostina & Pearson omnibus normality test, Shapiro-Wilk normality test, and the Kruskal-Wallis test. Statistical tests comprised of two-tailed paired and unpaired T-tests, and Pearson’s correlation analyses (unless specified that Spearman correlation test was used instead), after confirming normality of data. For repeated measures, Tukey’s multiple comparison test was performed. Results from group analyses were expressed as mean ± SEM.  P-values of <0.05 were considered statistically significant and p-values of 0.1>p>0.05 were considered trends that could be included in the presentation of results.


SUPPLEMENTAL RESULTS
Genotype comparison of wheel running behavior elicited during ABA1  
Subjects of this study were obtained from litters of three different genotypes, as described above, with two of the genotypes having Cre-recombinase knock-in. Descriptions provided by Jackson Laboratories, the supplier, does not report any anomalies in anxiety-like behavior or breeding associated with Cre-recombinase knock-in.  Data across these genotypes were combined for examining the effects of treating animals with ketamine during ABA2, based on analysis of behaviors elicited during ABA1, which revealed no genotype effect.  Specifically, group comparisons of FAA, averaged across FR2 and FR3 of ABA1 revealed no significant difference across the genotypes of females by ordinary one-way ANOVA (p=.4760, F(3,32)=.8518, R squared = .07395, N=36).  Group comparisons of running during food availability, averaged across FR2 and FR3 of ABA1 also revealed no significant difference across the genotypes of females by ordinary one-way ANOVA (p=.3929, F(3,32)=1.029, R squared = .08797, N=36).    Group comparison of the same variables of males also revealed no significant differences by ordinary one-way ANOVA for FAA (p=.5238; F(3,21)=.7698; R squared = .09908; N=25) or for running during food availability (p=.0871; F(3,21)=2.503; R squared = .2634; N=25). 

Hourly wheel running pattern reveals increase of FAA and decrease of FA across subsequent days of food restriction
The hourly measurement of wheel activity showed that FA reduces progressively as FR is repeated from FR1 to FR2 to FR3 (and to FR4 for ABA2 and ABA3). Conversely, FAA, the food anticipatory activity spanning 1 pm to 7 pm, increases as FR is repeated.
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Suppl. Fig 1 Legend on the next page


Suppl. Fig 1
The panels to the left depict the hourly wheel running (top three graphs) and weights (bottom graphs) of females, while panels to the right depict the graphs of male data. Black traces within graphs depict the averaged hourly wheel running or one day’s weight at 1 pm or 7 pm or 9 pm of the Vx3 group (N=13 or 14 for females; N=9 for males). The colored lines depict the averaged values of the 30mgKetx3 group (N=14 for females, N=8 for males). KM/hr=kilometers per hour run on the wheel. LD = light:dark cycle, visually depicted with the black:white horizontal bars above each graph. Room light went turned on at 7 am and turned off at 7 pm. Food = food accessible-hours, depicted with the horizontal green bars above each graph. The vertical dotted green lines depict the hours of 7 pm to 9 pm, to facilitate visualization of wheel running during the hours of food availability (FA). Tick marks on the x-axis of the hourly wheel activity graphs depict 1 pm, the transition time point from one experimental day to the next.




10mgKetx3 was not beneficial to females 
	To summarize, 30mgKetx3 benefited females acutely by minimizing their wheel running during FA of ABA2 (Fig 3b and 3e). This effect was not evident for the 10mgKetx3 group (mean ± SEM: -1.614 ± 0.2769 km, N=8; p=.608, t=.5205, compared to the values of Vx3, difference between means -0.1927 ± 3702 km; p=.2603 within-group paired t test comparing ABA2 to ABA1, difference between means -0.38 ± 0.37 km).  
30mgKetx3 reduced FAA during ABA3 (Fig. 3h, 3i, 3j). This beneficial effect also was not evident for the 10mgKetx3 group (mean ± SEM: 2.038 ± 0.614 km; p=.7670, t=.3003, compared to Vx3, difference between means -0.2550 ± 0.849 km; within-group comparisons p=.2145, t=1.365 comparing ABA3 to ABA2, difference of the means -1.39 ± 0.97 km; p= .9215 comparing ABA3 to ABA1, difference between means 0.08 ± 0.93 km, t=.08329). 
Due to this lack of change in wheel running, 10mgKetx3 yielded no improvement of weight retention during ABA3 (mean ± SEM: 0.8152 ± 0.0123; p=.3623; t= .9323, compared to Vx3 at 7pm on FR3, difference between means 0.01 ± 0.01; p=.3854, t=.9257 within-group comparison of ABA3 versus ABA2, difference between means 0.017 ± 0.023).  This contrasted with the outcome of the 30mgKetx3, which yielded a significant improvement, compared to the Vx3 group (Fig. 2c) and by within-group comparisons between ABA3 and ABA2.  


Efficacy of 30mgKetx3 for males was revealed by assessing individualized changes 
Among males, the same measurements of ABA vulnerability revealed no or only weak ameliorative effects of ketamine at the doses of 10 mg/kg (not shown) or 30 mg/kg, compared to animals that received vehicle only (Table 2).  Specifically, unlike females (Fig. 2c), 30mgKetx3 did not improve weights of males at 7pm of FR3 in ABA3 when compared to the Vx3 group (p=.3319, Suppl Fig. 2c). Within-group comparisons of weights at 7pm of FR3 showed significant changes across three cycles of ABA for the Vx3 group (Suppl Fig. 2d, Repeated measures one-way ANOVA, p<.0001, Table 4a), indicating significant improvements in weight retention between ABA1 and ABA2 (p=.0021 by Tukey’s multiple comparisons test, difference between means 0.045 ± 0.009), between ABA1 and 3 (p=.0005, difference between means 0.058 ± 0.009) and marginal improvements between ABA2 and ABA3 (p=.1038, difference between means 0.012 ± 0.005). Like females (Fig 2d), body weight retention of males treated with 30mgKetx3 also improved across the three cycles of ABA (Supp. Fig. 2e, Repeated measures one-way ANOVA p=.0003, Table 4b), with Tukey’s multiple comparisons test indicating significant improvements between ABA1 and ABA2 that were greater than for Vx3 (p=.0095, difference between means 0.0573 ± 0.013), still significant when comparing ABA1 to ABA3 and greater in amplitude than of the Vx3 group (p=.0024, difference between means 0.075 ± 0.014) and marginal improvements from ABA2 to ABA3 that were again greater than for the Vx3 (p=.0540, difference between means 0.018 ± 0.006).  These comparisons revealed that 30mgKetx3 improved weight retention of males albeit less robustly than observed for females.
Unlike females (Fig. 2d), Vx3 males showed no correlation between weight loss in ABA1 and ABA3, indicating lack of stability of this ABA trait (p=.8972; R=.05496; N=8). 
[image: ]
Suppl. Fig. 2 Adult males’ weight retention is improved significantly across 3 cycles of ABA and is improved marginally more during ABA3 by 30mgKetx3
Panels a, b, c. For each animal, body weight (weight) at 7 pm on FR3 of ABA1 (panel a), ABA2 (panel b) and ABA3 (panel c) was normalized to baseline weights as described for the females. Each data point represents the normalized value of one animal, either of the Vx3 (blue filled squares) or 30mgKetx3 group (blue open squares). See Table 2 for mean ± SEM and t-values.
Panel d. Repeated measure ANOVA of the Vx3 group revealed significant improvements in weight retention at 7 pm of FR3 across the 3 cycles of ABA
Panel e. Identical comparison of 30mgKetx3 group showed greater improvement for the 30mgKetx3 group (see text for the list of differences between means). 



Unlike the pattern observed for females (Fig. 3b), wheel activity during the 2 hours of food availability (FA) of ABA2 was not lowered acutely by 30mgKetx3 for males, compared to the Vx3 males (p=.2692, Suppl Fig. 3b, Table 2). However, within-group comparisons revealed that 30mgKetx3 was effective in reducing FA during ABA2 (Suppl Fig. 3e, p=.033, by Tukey’s multiple comparison test, comparing ABA2 to ABA1, difference between means -0.87 ± 0.27 km, Table 4b), compared to the Vx3 that showed no sign of FA reduction during ABA2, relative to ABA1 (Suppl Fig. 3d, p=.784, difference between means -0.24 ± 0.36 km, Table 4a).  As observed for females, 30mgKetx3’s reduction of FA was acute, since FA of ABA3, compared to ABA1 was no longer different (Supp. Fig. 3e, p=.954, difference between means 0.07 ± 0.33 km, Table 4b), and comparison of FA during ABA2 to ABA3 indicated an increase of FA that was significant (p=.012, difference between means 0.80 ± 0.20 km, Table 4b). 
Unlike females (Fig. 3h) FAA of ABA3 also was not lowered by 30mgKetx3, compared to Vx3 (Supp. Fig. 3h, Table 2, p=.6913). However, within-group comparisons revealed a significant reduction of FAA during ABA3, compared to ABA1 of the 30mgKetx3 group (Supp. Fig. 3j, p=.0192 by Tukey’s multiple comparisons test, difference between means -2.30 ± 0.63 km, Table 4b). Such a reduction of FAA during ABA3 was not evident for the Vx3 group (Suppl Fig. 3i, p=.5504 by Tukey’s multiple comparisons test, difference between means -0.805 ± 0.744 km, Table 4a).  Finally, the positive correlation between FAA and weight gain by food consumption during ABA2 for the 30mgKetx3 females (Fig 4b), a reflection of a more adaptive behavior, was not evident for males (p=.4483, R=-0.3143). Altogether, these observations indicate that 30mgKetx3 was somewhat ameliorative for reducing food restriction-evoked hyperactivity of males, albeit less robustly than observed among females. 


[image: ]
Suppl. Fig. 3 Figure legend on next page.



Suppl. Fig. 3 (previous page) 30mgKetx3’s effects on males.
Panels a, b and c. Comparisons between the 30mgKetx3 versus Vx3 groups revealed no effect of 30mgKetx3 upon FA wheel running.
Panels d and e. Within-group comparisons revealed an acute ketamine effect of reducing FA during ABA2. No such decrease was observed for the Vx3 group.   
Panels f, g and h. Comparisons between the 30mgKetx3 versus Vx3 groups revealed a group difference during ABA1 that became absent during ABA2 and ABA3. 
Panels I and j. Within-group comparisons revealed a delayed ketamine effect of reducing FAA during ABA3. * indicates p<.05 by Repeated measures one-way ANOVA, and Tukey’s multiple comparisons test.



[image: ]
Suppl Fig. 4. Sex difference in ABA1 behaviors.
Panel  a. Both female and male mice with higher BW gain during feeding exhibited  higher weight at 9 pm of the last FR day of ABA1, i.e., FR3 (Females: R= .6714, p < .0001, N = 36; Males:  R = .6797, p = .0002, N = 25).
Panel  b.  Female mice with greater feeding increase relative to baseline exhibited higher weight at this timepoint (R = .6232, p < .0001) but this correlation was absent among males (p=.2881, R=-.2211). 
Panel c. Female mice with higher FAA exhibited lower weight at the same timepoint (R = -0.4884, p = .0025, n = 36). These variables did not correlate for males (p=.5214, R=-.1345).
Panel d. Males with higher PP exhibited higher weight at this timepoint (R = .4555, p= .0221) but females did not (R=.1838, p=.2832). 
Panel e. Females with lower baseline BW increased their total running the most relative to baseline (R = -.3540, p = .0342). Males showed no such correlation (R=.0974, p=.6421). Panel  f. Females with showed higher baseline BW exhibited higher BW gain during feeding (R = .4372, p = .0077). Males showed no such correlation (R=.0585, p=.7813).


Sex differences in ABA1 behaviors
Male adolescent mice are similarly vulnerable to ABA, but there are at least two reports indicating that the mechanism underlying gain of resilience may differ by sex (Chen & Aoki, 2015; Chen, Actor-Engel, et al., 2018). What might be the basis for the differences in responsivity to ketamine across the sexes? In order to explore answers to this question, we analyzed whether males and females exhibited the same patterns of vulnerability during ABA1, before ketamine was introduced. 
Both male and female mice showed a positive correlation between weight at 9pm (after feeding) on the last day of ABA1 (FR3) and average weight gained from feeding across the FR days of ABA1 (p<.0001 for females, N=36; p=.0002 for males, N=25, Supp. Fig. 4a), indicating that the improved weight retention was due to weight gain from feeding and/or reduced wheel running during FA for both sexes. Although this may seem intuitive, only females showed a positive correlation between weight retention on the last day at 9 pm and feeding increase across the days of FR, relative to baseline (p<.0001 for females; p=.2881 for males, Suppl Fig. 4b). 
Similarly, only females showed significant correlation between averaged FAA and weight at 9 pm on the last day of FR (p=.0025 for females, p=.5214 for males, Suppl Fig. 4c). This suggests that the most vulnerable females ran more during FAA and ate less, while males’ weights were not dictated by these parameters as strongly.  Instead, postprandial activity (PP), which did not correlate with weights for females, did correlate significantly for males (p=.2832 for females; p=.0221 for males; Suppl Fig. 4d). Finally, among females and not males, lower baseline weight (before the start of ABA1) correlated with higher increases in total running relative to baseline running (p=.0342 for females, p=.5757 for males, Suppl Fig. 4e), and with lower weight gain during feeding (p=.0077 for females, p=.7813 for males, Suppl Fig. 4f). These two observations indicate that lower weight at baseline was a predictive factor of ABA vulnerability for females, only. 
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