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Appetite and Satiety:
't’s complicated (and complex)
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http://hometown-pasadena.com/home-and-garden/tournament-house-tour/28676
https://www.fiftyflowers.com/product/tycoon-orange-rose.htm
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THIS HAPPENED QUICKLY


http://metrocosm.com/map-world-obesity/
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https://www.worldobesity.org/data/obesity-data-repository/resources/maps/
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For 650,000 years, atmospheric CO, has never been above this line ... until now qgg5p -
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GLOBAL CLIMATE CHANGE

climate.nasa.gov
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What happened in 19957

Energy expenditure
-Resting state

-Nutrient thermic effects
-Controlled ambient T
-Poor sleep

-Sedentary life-styles

Individual

Social & family env’t

Organizations & institutions
(processed food, school food)

Communities
(Food deserts, WIC)

Public policy
Prematal care, maternal leave,
USRDA, Scientific literacy
Preventive medicine: What is that?

Energy intake

-*Nervous system
-*Endocrine system
-Microbiome
-Stress/emotional factors
-Medications

*complex dynamical
interacting systems

Gonzalez-Muniesa et al, Nat Rev Dis Primers vol 3, no 17034 with editorial comments



Metabolic syndrome : Unhealthy obesity

When 3/5 criteria occur simultaneously:

* Visceral obesity: a waist circumference of 294 cm in men and 280 cm in women
e Hypertriglyceridaemia: 2150 mg per dl or on triglyceride-lowering medication
e Low levels of high-density lipoprotein cholesterol: <40 mg per dl for men and <50 mg per dl for

women
e Elevated blood pressure: systolic blood pressure of 2130 mmHg, diastolic blood pressure of 285

mmHg
* Increased glucose levels: fasting glucose levels of 2100 mg per dl or drug treatment to lower

increased levels of glucose

Helps to identify individuals who are likely to have insulin resistance and related metabolic
abnormalities, associated with visceral obesity.



Future business
for liver transplanters

* Obesity epidemic paralleled by
* Non-alcoholic steatohepatitis
* “Fatty liver” : HC turn on PPARYy

* Independently leads to cirrhosis and all its sequelae

* Worsens any other underlying liver disease

* Chronic liver disease associated with DM

* ALF associated with hypoglycemia

* (DRUGS USED NOW TO TREAT OBESITY LIKELY WILL HELP NASH)






Obesity is a state of insulin resistance

INSULIN RESISTENCE

-Traditionally CV effects
emphasized
-Increasingly AD Il
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https://www.researchgate.net/figure/Ab-acting-on-the-hypothalamus-can-dysregulate-energy-homeostasis-in-the-human-organism_fig1_322777711

Y& Site 2

Processes aarilin Pathways

Increases
{ Decreases

Glucose uptake
Glycogen synthesis
Gluconeogenesis
ipogenesis

Anabolism .
Glucose homeostasis |
Lipid metabolism
Protein metabolism
Growth/mitogenesis
Reproduction

Lifespan - —~ DNA synthesis

Cognition Receptur%““‘i"“ acid uptake
(Na* K*)-Pump
Apoptosis
Autophagy

De Meyts, 2016 (Novo Nordisk)



Canonical (idealized, generalized) insulin receptor signal transduction network

TNFa IGF1 _Insulin Cytokines (IL-6, leptin, etc.)

el
Plasma membrane _ l " l P i

-------------------------

De Meyts, 2016 (Novo Nordisk)



Schematic representation of the traditional islet-centred insulin-glucagon homeostatic mechanism that

operates in response to changes in normal blood glucose levels
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https://www.sciencedirect.com/science/article/pii/S1472029917301728

ADIPOKINES: Mediators of fat cells as active

endocrine organs (vs. storage depots)

* Adiponectin*
* Insulin

* Interleukin-6
e Leptin®

* PAIl type I*

* Resistin

* TNF-alpha

*CLINICAL TRIALS SUGGEST SIGNIFICANT
WEIGHT LOSS ASSOCIATED W/REDUCED
CIRCULATING LEVELS

VISCERAL VS. PERIPHERAL FAT
SENESCENCE PHENOTYPE:
PROINFLAMMATORY, CAN BE REDUCED BY
EXERCISE

With aging: Marrow, liver, skeletal muscle
accumulate fat

Lisgila
Wislair l'll s ks
Tawbri by prosmg
Poaqus skl e i i daa
A - - i
[ pciciven CVRL Eacicy
VEGF i
------------------ %
THE b ?
uuuuuuuuuu o
Viggeral fat
= . | -
Bt
B \
Adizarsst l
rilien L
T
1}

Figreinn goulin o [ midy

:::::::::




FOOD INTAKE, fig. !
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Fic. 1, Relationship between food intake
enivironmental temperature (upper graph)
body temperature change and environmental -
perature (lower graph) in rats exposed to
lected temperatures for 18 hours. Each 1

represents a group of 5 or 6 rats. (From J
Brobeck, Yale J. Biol. Med., 1948, 20, 545.)

First brain control system connected to food
Intake (before obesity epidemic): Temperature control

-Measurable in 1948
-More food intake—>more heat generated
-Feedback control on intake via hypothalamus
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https://en.wikipedia.org/wiki/Thermoregulation_in_humans

Also at this time...

» Decerebrate cats = reflex chewing, swallowing
e “Quantitative” control of intake by temp control in hypothalamus
e Lateral hypothalamus lesions—2>animals don’t eat

* Medial hypothalamus lesions—>overeating and obesity

e Stimulation of medial hypothalamus—>satiety

* Cortex involved but unclear role Hypothalamus



https://www.google.com/search?q=picture+of+a+mouse&client=safari&rls=en&tbm=isch&source=iu&ictx=1&fir=Udnj-yXBQ2LVgM:,kv-gTfJuNYD0XM,_&usg=AI4_-kTyeHaynUN90Uf-34Si0Em8_9EdPw&sa=X&ved=2ahUKEwj5oMuqs5reAhW-wMQHHcLDCFMQ9QEwC3oECAUQGg#imgrc=Udnj-yXBQ2LVgM:
https://healthjade.com/what-does-the-hypothalamus-do/

Hypothalamus: Homeostasis Central/Allostasis Central
Links CNS with endocrine system

 HR, BP

* Temperature

* Fluid/electrolytes: THIRST*

e Appetite (weight)

* Gl hormone responses

* Sleep cycle

* Influences pituitary hormone release
Anterior: ACTH, TSH, LH/FSH, PRL, GH, MSH
Posterior: ADH, Oxytocin

*Caltech.edu Yuki Oka video on brain regions regulating thirst



History, hunger, appetite & satiety

1950’s view: Problems of the digestive system
Late 1950’s: Neurologic control looking at lesioned animals
But in med school (1970’s): Bias toward obesity as a psych disorder

Sensory basis Behavioral basis

Visual reflexes Reflexes of attention
Olfactory reflexes Reflexes of examination
Tactile reflexes Reflexes of incorporation
Gustatory reflexes Reflexes of rejection

Enteroceptive reflexes



* When you eat is important for weight

* Animal experiments often not
controlled for circadian clock

» Disrupted circadian clock>weight

Glycogen, cholesterol,

Liver e b ; _ : :

bile acid synthesis Highest risk of myocardial
Pancreas A insulin secretion infarction

lipogenesis, adiponectin'  jighest testosterone Best coordination
bt * production & Hoen

secretion 12:00
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glycolytic metabalism Melatonin
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Greatest cardiovascular
& muscle strength

Muscle o
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of Metabolism . - Bipsea
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of death ¥ temperature
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mitochondrial biogenesis
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00:00 Melatonin secretion starts

Deepest



https://clipartxtras.com/categories/view/a03b89bae4ac9caf4bebf7c7e144063566030201/circadian-rhythm-drawing.html

db/db

Continued to A Yfood intake
eat and Yinsulin
increase body Yglucose

weight

db/db
obese and
diabetic

Starved

db/db overproduces a satiety factor but does not respond to it.
Lean wt responds to satiety factor and starves

dfood intake
¥insulin
Yglucose

Continued to
eat and
increase body
weight

obese and
diabetic

ob/ob mice do not produce the satiety factor and are ohese.
ab/ob mice respond to overpraoduction of the satiety factor in db/dbh mice and starve

No change
Yinsulin
Yglucose

ob/ob mice respond the satiety factor produced in lean wt mice

H d rd tO breed Ob/Ob mice Production of satiety factor in lean wt mice is not sufficient to cause starvation in ob/ob mice



https://en.wikipedia.org/wiki/Ob/ob_mouse

ob/ob -- leptin and db/db -- leptin receptor

Leptin supplementation:

A cure for obesity!

ob/ob mouse ob/ob mouse
67 g + Leptin
35g

Obese gene: Zhang et al, 1994


https://infograph.venngage.com/p/151403/obob

Leptin

v

| LeptinR ]
Arcuate nucleus i Helps regulate the synthesis
| F - of thyroid hormones
e Decreases
¢ T mi ! glucose-stimulated
POMC AGRP NPY insulin secretion
(ASP)
CPE
PC1 -
- t High
I blood
— ST pressure
N\
|
| "‘ Increased
R ‘ heart rate
Activation of
mahogany immune ...«
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Dorsomedial hypothalamic Paraventricular — _'
nucleus hypothalamic nucleus Regulate appetite.
Control of metabolism

and energy homeostasis

- Regulate
bone mass
Feeding Energy @
expenditure & 4 ;
A y :
. \
Energy homeostasis ‘ )

- Regulating the

’ ‘ menstrual cycle

WHY LEPTIN SUPPLEMENTATION CAN HAVE MYRIAD SIDE-EFFECTS


https://healthjade.com/what-is-the-hormone-leptin-and-how-does-it-relate-to-my-weight/

Extracell NSAPP

[_Leptin | pathway Leptin helps true leptin-deficiency
\L -Infertility
Leptin receptor (LepRb) -Lipodystrophy (lack of adipose)

AR Intracell In obese animals decreases food

JAK2-STAT3 ' H,0, intake and weight
s,g;;)ay::gg Humans—W/ prolonged leptin rx
P y weight rebounds after fat stores
,' depleted

r 4 STAT3 . . .
V' \ Acute leptin action not well-studied
’ expression & in chronic obese models
Y release of POMC
V

Y, expression & Myers et al, Trends Endocr Metab, 2010
% release of AgRP

[ WAT browning] -
{ BAT activity ] [ Appetite ]

LEPTIN CONTINUES TO SURPRISE




Figure 2A
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https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2967652_nihms231775f2a.jpg

Figure 2B

Food Intake
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https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2967652_nihms231775f2b.jpg

Figure 2C

Food Intake
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WHY LEPTIN DOESN’T WORK FOR TREATING COMPLEX TRAIT OBESITY


https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2967652_nihms231775f2c.jpg
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https://www.wellnessresources.com/314-large_default/leptinal.jpg

Monogenic disorders of obesity (1990's): rare

Inheritance

Early + + ? + ? +
hyperphagia

Serum leptin low high normal + ? +
DM/IGT - - - _ + _
Hypothalamic + + + ? ? _
hypogonadism

ACTH deficient - - + + ? -
Other TSH up Growth delay; Hypoglyc post Red hair

emotional issues; prand;proinsulinup, Decreased aMSH
sympathetic NS autoimm thyroid dis



Primary role of leptin to prevent obesity?
VS.
Primary role as a signal of energy deficit

Decreased leptin—=2>increased appetite but also
—>decreased reproduction
—>decreased thyroid hormone
—>decreased energy expenditure

To Flier: Suggests more studies are needed
AND

we are missing a player

Ahima et al, 1996; Flier JS and Maratos-Flier Cell Metab 2017


https://mazeengineers.com/ob-ob-mice/

: % Then along came the ghrelin story

Ghrelin — known about in the 60’s, “discovered” in 1999 (Kojima)

-Morphine stimulates GH secretion
-Enkephalins discovered and analogs made that stimulate GH secretion

With k/o: Ghrelin necessary for triggering the GH response to nutritional deprivation
-to prevent hypoglycemia

Roles later found (with prolonged nutritional restriction in KO)

-appetite -immune function

-Gl motility -cell proliferation

-glucose and lipid metabolism -sleep

-CV function/BP -anxiety
-memory

Kojima, Nature, 1999


https://en.wikipedia.org/wiki/Ghrelin

Ghrelin regulation of glucose metabolism

Non-Hypothalamic Brain Areas

taste sensation
reward seeking behavior
Hypothalamus ) olfaction

learning and memory
pctie 1 depression
food intake 4 lef-" S50 :
lipid sensing 4 sleep/wake rhythm

J neuroprotection
Pituitary /
growth hormone 4 Pancreas

ACTH# insulin secretion 4

insulin sensitivity 4

Liver
IGF14 v
o
Adipose Tissue __/
lipid oxidation 4 !

lipogenesis 4
inflammation +

-

Poher et al, Peptides 2018

Stomach
gastric motility 4
gastric acid secretion L

BAT

thermogenesis 4

Heart
\)_cardiar_ output +
cardiac contractility 4
vasodilatation $

gastric emptying 4

¥ .
\ Intestine
intestinal motility 4

Ghrelin agonism

? DM gastroparesis

? Anorexia associated with
pathological underweight, or cachexia

Ghrelin-R antagonism

?weight loss for specific obesity
syndromes (PWS)

?improve glucose metabolism in DM


https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5805851_gr1.jpg
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https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5442223_fnins-11-00293-g0001.jpg

Cannabinoid signaling: More than munchies

In periphery: Contributes to browning of white adipose & thermogenic activity
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Role in cancer cachexia?



HYPOTHALAMUS + 4'|

CELL e

1L Regulation of glucose by GH and ghrelin
r"* = | Pituitary +4—-=
1 - 4‘ I
i
Erl LamrincitaCEA. | Insulin minute-to-minute
I + Preproghirelin i
I ;‘:\Gﬂlﬂﬂ :
I - .
; @ : GH/ghrelin for longer-term control
| STOMACH E when nutrients are scarce
: 2l i
i
i
i
v

- Also involved in glucose control:
& ¥ -glucagon (pancreas)
Supgly Disposal b lﬁ ’ -catecholamines
e S -glucocorticoids (adrenal)
2 MUSCLE
GLUCOSE
BALAMNCE

Nass et al, PNAS, 2010 Sun et al, PNAS 2004


http://www.pnas.org/content/pnas/107/19/8501/F1.large.jpg?width=800&height=600&carousel=1

CNS

Afferent signals NPY’fAt(.:'PR‘ (TSH‘ EART’ Efferent signals
Ghrelin, CCK, GLP1, GIP, e A Thyroid hormones,
insulin, glucagon, serotonin — POMC and the autonomic

and prostaglandins nervous system

White adipose tissue
Adipokines such as
leptin and adiponectin

Brown and beige

e e A FAT CENTRIC VIEW of
APPETITE & HUNGER

Other tissues

&N\

Nature Reviews | Disease Primers



APPETITE & HUNGER
(hormones)

Adipose

celis

p—

Insulin

Insulin-R in hypothalamus
-food intake, fat mass and hepatic action

\Stnmach
- Pancreas "

fasting

Control of glucose is not control of appetite

Control of appetite and hunger balanced by
control of satiety
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Ahima & Antwi, 2008


https://www.emetabolic.com/locations/centers/evansville/blog/hormones-dna/appetite-hormones/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2710609_nihms-84774-f0001.jpg

Arcuate Nucleus

Nucleus
Tractus
Soltarius

Insulin

1. Physical
2. Mutrients
3. Chemical

GUT-BRAIN PATHWAY

Overall structure of the pathways
similar to those for
Hunger

Satiety signals
-CCK (Sl in response to food, mostly
fat & protein)

-GLP-1 (gut incretin in response to
food, mostly CHO)

-PYY* (SI, LI in response to food
especially FFA) and PYY-R in tongue

-Amylin (pancreatic)

“The overall strength or weakness of the action of these
peptides will help to determine whether individuals are resistant

or susceptible to weight gain” (Hopkins)

*Batterham NEJM 1997


http://en.citizendium.org/wiki/Gut-brain_signalling

Orlistat

Lorcaserin

Liraglutide

Diethylproprion,
Pnentermine,
Phendimetrazine,
benzphetamine

Phentermine-
Topiramate ER

Natrexone-
Bupropion SR

Panc. lipase inibitor,
blocks fat absorption

Serotonin-R agonist,
reduces food intake

Glucagon-like-R1 agonist, reduces
intake
Lower doses for DM

Noradrenergic,
Appetite suppressing

Appetite suppression via DA, NA,
serotonin release

Decrease appetite,
Inhibit DA, NA uptake,
Block u-opioid R.
Activate POMC

6

NA

9 (MOST)

Gl: diarrhea, bloating; blocks fat-sol
vitamin absorption

Mild: HA, dizziness, nausea, dry
Mouth, constipation, avoid other similar
MoA drugs

N/V common; acute pancreatitis,
gallbladder dis; hypoglycemia w/ other
DM drugs; (avoid in MEN2)

MEDIATES REDUCED CV & ALL

CAUSE MORTALITY

Dizziness, dry mouth, constipation,
irritability, CV stimulant

Paresthesias; taste changes; rare: met.
Acidosis, glaucoma; avoid MAOI; avoid
pregnancy

Nausea, constipation, HA; avoid opioids &
MAOI, hx seizures
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ONLY TOUCHES THE SURFACE

How do these regulatory systems interact?

Mitochondrial signaling and energy homeostasis

Psychological/emotional state/pain/sleep/circadian
TrpV1-nociception AND energy homeostasis

Reward systems (DA)
Gut € —>brain axis (and tongue-brain axis)
Adipocyte< > brain axis
Liver € —>brain axis

Cognitive over-rides
(error correction?)

Missing players
Missing control/regulatory loops

Missing interactions between subsystems

Missing: Evolutionary explanation

v

Missing: Good tools to treat obesity,
and/or. to reinforce lifestyle changes


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjnq5jlqpreAhUxNH0KHYgnBKoQjRx6BAgBEAU&url=https://www.buzzfeed.com/alexnaidus/foods-that-are-more-beautiful-than-any-person-could-ever&psig=AOvVaw33j2vOZ1araikIeAvMDgTa&ust=1540307517932799
https://www.hormonesmatter.com/wp-content/uploads/2014/06/mitochondrion.jpg
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