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Physiological Consequences
of Brain Insulin Action

The brain is crucial for the regulation of whole-body metabolism and behavior. The pancreas-derived
hormone insulin modulates brain function and affects energy metabolism as well as cognition. This is
partially achieved by modulating several types of brain cell populations including those relevant to sati-
ety and reward. Importantly, brains of Alzheimer’s disease patients exhibit a signature of brain insulin
resistance with perturbed brain metabolism. This book will cover the basics of insulin signaling in the
brain and will describe concepts of insulin resistance, a feature of type 2 diabetes. Moreover, insulin’s
effect on cognitive function will be pointed out and the association between brain insulin resistance
and neurodegenerative diseases discussed. Additionally, potential behavioral and pharmacological con-
cepts which can affect brain insulin signaling will be summarized.

Key Features:

* Summarizes insulin and the closely related IGF-1 receptor signaling
* Depicts concepts of insulin resistance

* Highlights the importance of conserved brain insulin signaling for brain function, metabolism,
and behavior

* Describes potential behavioral and pharmacological approaches to support brain insulin
signaling
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SERIES PREFACE

PHYSIOLOGICAL CONSEQUENCES OF BRAIN INSULIN ACTION

EDITOR: ANDRE KLEINRIDDERS

THE EDITOR
Dr. André Kleinridders is a Professor for
Experimental and  Molecular  Nutritional

Medicine at the Institute of Nutritional Science
at the University of Potsdam. Prof. Kleinridders’
research programs address the impact of brain
insulin signaling on whole body pathophysiol-
ogy and behavior with implications for diabe-
tes, obesity and neurodegeneration. His studies
focus on understanding the mechanisms of cen-
tral insulin resistance (involving impairment of
mitochondrial function) and its consequences
on energy homeostasis and neurological altera-
tions associated with aging. Dr. Kleinridders’
expertise in endocrinology and genetics expands
to areas of high significance for human patho-
physiology, including metabolism, insulin signal-
ing, and insulin resistance, the latter an umbrella
term with implications for not only diabetes and
obesity but also for neurodegenerative disorders,
such as Alzheimer’s disease. His research focuses
on insulin action in the brain and its effect on
mitochondrial stress responses and reduction of
diet-induced weight gain. His recent publica-
tions establish Dr. Kleinridders' unique research
focus on the role of brain insulin in human
pathophysiology.

PHYSIOLOGICAL CONSEQUENCES
OF BRAIN INSULIN ACTION

PHYSIOLOGICAL CONSEQUENCES OF BRAIN
INSULIN ACTION, focuses on different aspects
of brain insulin and its regulation of a myriad of
systemic effects ranging from starve-feed cycles
to behavioral patterns. This book is particularly
attractive because it places brain insulin signaling
in the physiologic maintenance of whole-body
homeostasis as well as impairment of brain insu-
lin signaling in the pathology of diabetes and obe-
sity. Moreover, brain insulin resistance is a critical
factor in the pathogenesis of Alzheimer’s dis-
ease, sometimes termed diabetes type III, hence
the significance of brain insulin in modulation
of cognitive functions. The book entails mecha-
nistic aspects of brain insulin signaling and that
triggered by activation of the insulin-like growth
factor receptor (IGFIR), the regulation of neuro-
nal circuits and how insulin modulates metabo-
lism in different brain cell populations. How
hypothalamic insulin signaling controls energy
metabolism, food intake, and behavior, is viewed
among the systemic effects of brain insulin.
These chapters expand the effects of brain insu-
lin in terms of insulin resistance as it occurs in
type 2 diabetes and Alzheimer’s disease as well

vii



as diseases associated with protein misfolding.
Pharmacological and dietary interventions that
have the potential to overcome insulin resistance
are also addressed.

Overall, the major thrust of this book is the rec-
ognition of the multifaceted effects of brain insulin
and its signaling pathways not only in the brain
and in different brain cell populations but how
brain insulin modulates systemic tissue functions.
This acquires further relevance in terms of brain

insulin resistance and its impairment of whole-
body homeostasis and association with cognitive
deficits.

ENRIQUE CADENAS
HELMUT SIES

Series Editors
Oxidative Stress and Disease
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PREFACE

The discovery of insulin represents a land-
mark achievement in medical sciences. Insulin
was discovered by Frederick Grant Banting and
Charles Herbert Best in the laboratory of John
James Rickard McLeod more than 100years
ago and saved millions of lives from a formerly
non-curable disease. While type 1 diabetes is
characterized by insulin deficiency, which can
be treated by the administration of insulin, the
majority of patients suffer from type 2 diabetes.
These patients exhibit initially reduced sensitiv-
ity to insulin, known as insulin resistance. Insulin
resistance causes reduced glucose uptake in skel-
etal muscle and adipose tissue. In the liver, insu-
lin resistance causes deteriorated hepatic glucose
production, leading to elevated blood glucose lev-
els overall. Although glucose uptake in the brain
is mostly independent of insulin, insulin and its
receptor have already been detected in the late
1960s and 1970s in the brain, and research over
the last decades has clearly demonstrated that the
brain is an insulin-sensitive organ.

Insulin in the brain regulates food intake,
affects energy metabolism and glucose handling
in peripheral tissues and even modulates fertility.
In addition, there is ample evidence that insulin
exhibits neuroprotective function. The presence

of brain insulin resistance is not only a feature
of unhealthy obesity but is also observed in the
brains of patients suffering from Alzheimer’s dis-
ease. Together, these observations highlight the
importance of the precise regulation of insulin
action in the central nervous system for a healthy
metabolism and proper cognitive function.

This book will cover the molecular mechanisms
of insulin signaling and the establishment of insu-
lin resistance. As the brain shows region-specific
differences in terms of function and cell compo-
sition, cell- and region-specific effects of insulin
action are discussed. Diabetes-associated disorders
including mood disorders and neurodegenerative
diseases will be described and associated with
brain insulin resistance. The complex interac-
tion of peripheral organs with the brain is char-
acterized to a great extent in this book, as is the
hormonal crosstalk of insulin with leptin in the
central nervous system. Importantly, novel insights
about brain insulin signaling in humans will be
explained in addition to behavioral and pharma-
cological treatment options to counteract insulin
resistance. In summary, this book will provide a
comprehensive overview about the physiological
consequences of brain insulin action.
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EDITOR

Prof. Dr. André Kleinridders is a Professor
for Experimental and Molecular Nutritional
Medicine at the Institute of Nutritional Science
at the University of Potsdam, Germany. Dr.
Kleinridders’ research programs aim at under-
standing causes and consequences of brain insu-
lin resistance with implications for diabetes,

obesity and neurological disorders. His studies
focus on the interaction of mitochondrial func-
tion and insulin signaling and its consequences
on energy homeostasis and behavior. Several
publications establish Dr. Kleinridders’ unique
research focus on the role of brain insulin in
metabolic disorders.
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NOTICE

Scientific knowledge constantly advances. The
authors and editor reassessed their sources of
information, which they considered as solid to
give detailed information about the respective
scientific topics. Yet due to possible human error

and/or scientific progression, neither the editor
nor the authors nor any other party warrants that
the presented information of this book is in every
aspect accurate and thus disclaims responsibility
for any errors or omissions of the provided infor-
mation in this work.
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INTERACTION BETWEEN
METABOLISM AND INSULIN

With global type 2 diabetes (T2D) rates on an expo-
nential rise, a major hallmark feature of this meta-
bolic condition is insulin resistance. As a result, the
physiological functions and downstream mechanis-
tic actions of insulin are, to this date, being predom-
inantly studied in its main target tissues, including
the liver, muscle, and white adipocytes. Although

several studies have also demonstrated a correlation
between metabolic and neurodegenerative diseases,
a higher risk of cognitive decline has been observed
in diabetic patients (1-3). This suggests that altera-
tions in brain insulin action can be observed as a
pathological feature in both conditions, although
other common signaling pathways might addition-
ally be responsible for this, such as inflammation
and apoptosis. However, the brain was not consid-
ered an insulin-sensitive organ until the late 1970s
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