
Regulation of food consumption and energy surplus 



Advantages of keeping steady levels of energy sources. 
Not less, not more. 



Forced feeding 



© 2015 Pearson Education Ltd  

  Kcal/gr  gr/Kcal 

Fat  9.4  0.11 

Protein  4.3  0.23 

Carbohydrate 4.2  0.24 

Glycogen 1.0  1.00 









Satiety center 
Hunger center 



The lipostatic hypothesis. Body weight and fat mass 

stays constant by hypothalamic control. The hypothalamus 

senses to the concentration of a metabolites in the 

circulation and regulates the amount of energy surplus. 

Kennedy, 1953 

VMH lesion Normal 



J Hered (1950) 

The ob mutant is characterized by massive obesity, marked 

hyperphagia, mild diabetes and infertility 



db/db mutant mouse 

db/db WT 

The db (diabetes) mutant, like the ob/ob mouse, develops marked 

obesity and hyperphagia. It also develops severe, life-shortening 

diabetes. 

Hummel (1966) 



Parabiotic experiments 





The ob/ob mice lucks the lipostatic factor and cannot control food intake. 

 

The db/db  mice has the lipostatic factor but does not respond to it 

because of a problem in the hypothalamic satiety center. 

Coleman 1970  



• One IV injection of leptin led to reduced food intake 

• One ICV injection of leptin led to reduced food intake 

 

 

• Leptin works at the level of the hypothalamus 

• Leptin can cross the BBB 

   



•   5mg leptin/day 

•   PBS 

•   No injection 

 

Leptin had an affect on 

food consumption and 

body mass of ob/ob 

but had no effect on db/db 







Clinical photographs of child B before 

and 24 months after Leptin therapy 

Leptin deficiency  

J Clin Invest. 2002;110(8):1093-1103 





Adult Obesity in the United States 1990 

obesity/-https://stateofobesity.org/adult 

BMI: 

Normal 18.5-25 

Overweight 25-30 

Obese > 30 

Severely obese 

>35 

https://stateofobesity.org/adult-obesity/
https://stateofobesity.org/adult-obesity/
https://stateofobesity.org/adult-obesity/


Adult Obesity in the United States 2017 

BMI: 

Normal 18.5-25 

Overweight 25-30 

Obese > 30 

Severely obese 

>35 

obesity/-https://stateofobesity.org/adult 

https://stateofobesity.org/adult-obesity/
https://stateofobesity.org/adult-obesity/
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Blood Leptin concentration correlates with body weight  

What can you conclude from this graph? 



Potential contributors to leptin resistance in obesity 

• Deficient BBB crossing – High levels of triglicerides is thought to inhibit 

transport of leptin through the BBB. 

• Hyperleptinemia - Chronic exposure to high levels of circulating leptin causes 

leptin resistance, presumably by over-activating negative feedback regulators. 

• Inflammation - Low-grade, chronic inflammation is closely associated with 

various metabolic disorders including obesity. High fat diet (HFD) feeding can 

promote inflammation in the hypothalamus.  

• Hypothalamic ER stress - Observed in HFD-fed mice. Pharmacological ER 

stress inducers impair leptin signaling, whereas treatments with chemical ER 

chaperons relieve hypothalamic ER stress and decrease body weights in ob/ob 

mice.  

 Front Med. 2013 Jun; 7(2): 207–222. 



Leptin resistance in humbsters under long days 

Long days 

Short days 





Leptin receptor-expressing neurons in the arcuate 

nucleus of the hypothalamus 





What is happening in 
the hypothalamus? 





Krude et al., 1998 



CRH – corticotropin releasing hormone 

ACTH – corticotropin; adrenocorticortrophic hormone 

Glucocorticoids, cortisol or corticosterone  



Pituitary 

Hypothalamus 

and hair follicle 

(POMC) 



POMC functions in the stress response 

POMC 

MC2R 

Glucocorticoid 

production 

Adrenal 



MC1R 

α-MSH 

Melanocyte 



MC1R 

α-MSH 

Red 

pigmentation 

Melanocyte 



POMC functions in stress response, pigmentation 

and food consumption  

POMC 

POMC 

MC4R 

MC1R 

Black/brown  

pigmentation 

α-MSH 

Reduced food 

intake 

MC2R 

Glucocorticoid 

production 

Adrenal 

α-MSH = satiety signal 



Yaswen et al., 1999 



Yaswen et al., 1999 





Pituitary 

Hypothalamus 

and hair follicle 

(POMC) 

X 
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Ay mutation 





MC1R 

α-MSH Agouti 

Melanocyte 



Ectopic overexpression of the agouti gene (Ay mutation) 

POMC 

POMC 

MC4R 

MC1R 

Black/brown  
pigmentation 

α-MSH 

Reduced food 
intake 

α-MSH = satiety signal 

         ?? = hunger signal 



Agouti related protein (AgRP) Agouti 

Somewhat similar 3D structure 



POM

C 

POM

C 

MC4R 

MC1R 

Black/brown  

pigmentation 

α-MSH 

Reduced food 

intake 

α-MSH = satiety signal 

AgRP   = hunger signal 



Both AgRP and POMC are localized in the arcuate nucleus (AN) of the 

hypothalamus. 



Zheng H et al. Am J Physiol Regul Integr Comp Physiol 

2002;282:R1773-R1781 

AgRP increases food intake 
 



Daily food intake after chronic 

administration of 1 nmol/day 

AgRP (83-132) for 7 days. 

+, AGRP ad libitum fed group 

▴, saline control group.  

○, AGRP pair-fed group 



Ollmann et al., 1997 



Arcuate nucleus of the hypothalamus 

Diphtheria 

toxin 



Luque et al. 2005 





Optogenetic activation of AgRP neurons leads 

to binge eating 

Aponte et al., 2011 



Optogenetics 

Light sensitive sodium channel 

called channelrhodopsin 

Light sensitive single-cell algae  





Channelrhodopsin 

Generation of action potential by light pulse 

The blue-light sensitive Channelrhodopsin and the yellow light-activated 

chloride pump halorhodopsin together enable activation and silencing of 

neural activity 

Halorhodopsin 
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AgRP neurocircuitry 

Betley  et al.  2013 



Bangol et al. 1999 

Median eminence 

Hypothalamic 
neurosecretory  

cells  

AgRP neurons innervate the pituitary 







Summary 

1. α-MSH acts as an agonist of MC4R. It reduces food intake and increases energy 
expenditure. 

2. Agouti protein is naturally expressed in skin tissue and regulates pigmentation. 
Its overexpression in brain tissue leads to obesity due to antagonistic effect on 
MC4R.  

3. Agouti related peptide (AgRP) is expressed in the hypothalamus. 
4. AgRP expression is elevated when energy stores are low (for example- low 

leptin). 
5. AgRP acts as an antagonist of MC4R. It reduces energy expenditure and 

increases food consumption. 
6. Activation of AgRP neurons leads to rapid feeding behavior while their ablation 

cause self starvation.  



• What will be the phenotype of AgRP KO mice? 

• What will be the phenotypes of cell-type specific KOs of 

the leptin receptor in mice? 

One in hypothalamic AgRP neurons 

One in hypothalamic POMC neurons 

 

• A mice line was made by crossing ob/+ and db/+. 

Offspring that are ob/+,db/+ were collected and breed. 

What will be the result? What % of fat mice will there be?   


