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The activity-based
anorexia (ABA) model

* Food restriction to one hour perday inrats or2-4 h
per day in mice = increased wheel running +
decreased food intake = weight loss, which can
exceed 30% of baseline weight (Hall and Hanford,
1954; Routtenberg and Kuznesof, 1967; Ross et al.,
2016).

* Food restriction to 60% of ad libitum intake termed
semi-SIH also results in increased wheel running by
300-400% within days (Exner et al., 2000).

* Both ABA and SIH can ensue in the death of the
rodent due to starvation (Routtenberg and Kuznesof, ,
1967). . MakeAGIF.com

* Incontrast, rats in cages without a running wheel
survive the restricted access to food.



Various versions of ABA protocols
are described. Consequently,
several influencing factors such as

pre-exposure, ambient

temperature and sound, handling
and maternal separation, diet and
food access, activity, sex, strain
and genetics have been described
able to affect food intake, activity
and thus body weight loss during

the development of ABA.

Schalla MA, Stengel A. Activity Based Anorexia as an Animal
Model for Anorexia Nervosa-A Systematic Review. Front Nutr.
2019 May 21,6:69. doi: 10.3389/fnut.2019.00069. PMID:

31165073; PMCID: PMC6536653.
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1/ | I = anxiety-like behavior
(Kinzig and Hargrave 2010, Wable et al. 2015,
Boersma et al. 2016)

| operant learning (aoyama 2012)
| reversal learning (atien etal. 2017)
| contextual learning (soersma et al. 2016)
T withdrawal symptoms (kanarek et al. 2009)

transient anhedonia (miton et al. 2018)

| blood glucose
1 peripheral IGF-l
concentrations (Lauterio et al. 1993)
| thymus gland weights

(Burden et al. 1993)
T antioxidant parameters
(Filaire et al. 2009)
fat oxidation (achamran et al. 2016)
T

| plasma insulin (Lauterio et al. 1993,
Boersma et al. 2016)

1 insulin sensitivity
(Pardo etal. 2010)

| colonic mucosal
protein synthesis
1 colonic mucosal autophagy

;. T
| colonic mucosal QL‘?/VD\’\.)I

mitochondrial proteins g

1 corticosterone
(Burden et al. 1993,Boersma et al.
2016, Kinzig and Hargrave 2010,
Belmonte et al. 2016)

1 adrenal gland weights

m (Burden et al. 1993)

1 spleen weight

1 blastogenic LPS response
(Filteau et al. 1992)

| gastric emptying (Nobis et al. 2018)

= food intake microstructure
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1 colonic epithelial cells
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AgRP neurons in the ARC and neurons in the
lateral hypothalamus control spontaneous
physical activity
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Tran, L.T., Park, S., Kim, S.K. et al. Hypothalamic control of energy expenditure and
thermogenesis. Exp Mol Med 54, 358-369 (2022). https://doi.org/10.1038/s12276-022-00741-
z

AgRP neurons in the hypothalamus are quickly
inhibited within 30 s at the end of a voluntary
running session, while POMC neurons are
activated.

Using the activity-based anorexia (ABA) mouse
model, the impaired activation of AgRP
neurons in response to a negative energy
balance induced compulsive exercise, and this
sustained exercise led to death.

Activation of AgRP neurons in female mice
running under the ABA paradigm increased
the running counts and abilities of the food-
restricted mice.

These findings provide one line of evidence for
the role of AgRP neurons in compulsive
exercise in individuals with anorexia nervosa.



Starvation and
stereotypical behaviours

* Feeding and eating behaviours (time
spent in the eating zone and
chewing)

* Foraging behaviours
(running/walking and digging)

* Displacement behaviours (marble
burying and grooming)

Marcelo O. Dietrich, Marcelo R. Zimmer, Jeremy Bober, and
Tamas L. Horvath. Hypothalamic Agrp Neurons Drive
Stereotypic Behaviors beyond Feeding. Cell. 2015 Mar 12;
160(6): 1222-1232.
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How does starvation and
refeeding effect rat
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regions of the mammalian brain,
such as the arcuate nucleus of the
hypothalamus, as crucial mediators
of repetitive and stereotypic
behaviors.

Dietrich MO, Zimmer MR, Bober ], Horvath TL. Hypothalamic Agrp Neurons Drive Stereotypic Behaviors beyond Feeding. Cell. 2015 Mar 12;
160(6): 1222-1232.



What does this mean in anorexia?

* Patients with anorexia nervosa have elevated circulating blood levels of Agrp
compared to controls (Merle et al., 2011; Moriya et al., 2006) and Agrp levels are
associated with cognitive rigidity in these patients (Sarrar et al., 2011).

* Anorexic patients have depleted fat stores, low leptin levels, and a reduction of
cerebrospinal leptin levels (Hebebrand et al., 1995, 1997; Grinspoon et al., 1996;
Mantzoros et al., 1997), neuropeptide Y is elevated (Kaye et al., 1990) as is ghrelin
(Ariyasu et al., 2001; Otto et al., 2001).

* Hypoleptinemia is associated with weight-related rumination (Wronski
et al., 2022, 2023a, 2023b, 2023c).



https://onlinelibrary.wiley.com/doi/full/10.1002/erv.3071#erv3071-bib-0098
https://onlinelibrary.wiley.com/doi/full/10.1002/erv.3071#erv3071-bib-0099
https://onlinelibrary.wiley.com/doi/full/10.1002/erv.3071#erv3071-bib-0100
https://onlinelibrary.wiley.com/doi/full/10.1002/erv.3071#erv3071-bib-0097

Hebebrand’s leptin trials

* Patients with AN present hypoleptinemia in accordance with both their reduced
energy intake and fat mass (Hebebrand et al., 1995, 1997, 2007; Grinspoon et al.,
1996).

* Consistent with results obtained in normal weight and overweight individuals,
serum leptin levels in patients with AN show a higher correlation to body fat than to
BMI (Grinspoon et al., 1996; Mathiak et al., 1999).

* The serum levels are below those of age, BMI, and sex matched controls including
constitutionally thin females (Hebebrand et al., 1997; Eckert et al., 1998; Kopp et al.,
1998; Germain et al., 2007; Focker et al., 2011).

* Aserum leptin level of approximately 2 pug/L predicts both AN and a lifetime history
of secondary amenorrhea in underweight females (Kopp et al., 1998; Focker et al.,
2011).



Serum leptin concentrations of a
patient with anorexia nervosa at
admission for inpatient treatment,
during weight gain, intermittent
weight maintenance, and renewed

weight loss (numbers indicate BMI in
kg/m?.
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Hebebrand, J., Blum, W. F., Barth, N., Coners, H., Englaro, P., Juul, A., et al. (1997).
Leptin levels in patients with anorexia nervosa are reduced in the acute stage

and elevated upon short-term weight restoration. Mol. Psychiatry 2, 330-334.

doi: 10.1038/sj.mp.4000282
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activity. The lower part of the figure
displays the pathway of rodents who
first developed SIH and were then
treated with leptin via a mini-pump.

Exner C, Hebebrand J, Remschmidt H, Wewetzer C, Ziegler A,
Herpertz S, Schweiger U, Blum WF, Preibisch G, Heldmaier G,
Klingenspor M. Leptin suppresses semi-starvation induced
hyperactivity in rats: implications for anorexia nervosa. Mol
Psychiatry. 2000 Sep;5(5):476-81. doi: 10.1038/sj.mp.4000771.
PMID: 11032380.



One hypothesis for
how starvation
Induces hyperactivity
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Hypoleptinaemic
‘entrapment’

Hebebrand, J., Plieger, M., Mil
os, G., Peters, T., Hinney, A.,
& Antel, J. (2024). Does
hypoleptinemia trigger
entrapment in anorexia
nervosa? Etiological and
clinical

considerations. European
Eating Disorders

Review, 32(3), 557-

574. https://doi.org/10.1002/
erv.307/1

STEP 1 STEP 2
Premorbid Initial weight loss Further weight loss
body weight Eating and physical activity Reduced control of eating and
. under control of patient physical activity / entrapment

Critical leptin range (=2-4
ng/ml) for initiation of
adaptation to starvation

Normal leptin secretion Initial drop in leptin secretion Absolute (or relative) hypoleptinemia

e.g. 10 ng/ml drop from 10 to 4 ng/ml drop from 4 to < 0.1 ng/ml


https://doi.org/10.1002/erv.3071
https://doi.org/10.1002/erv.3071
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Case study treatment with leptin patient C
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