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Introduction
Glycogenolysis is the biochemical pathway in which glycogen breaks down into glucose-1-
phosphate and glucose. The reaction takes place in the hepatocytes and the myocytes. The
process is under the regulation of two key enzymes: phosphorylase kinase and glycogen
phosphorylase.

Blood glucose is a source of energy for the entire human body. During the fasting state, to
maintain normal blood glucose levels, the liver plays a central role in producing glucose via
glycogenolysis and gluconeogenesis.[1]

Glycogen is a branched polysaccharide consisting of glucose units. In humans, it is the principal
storage form of glucose. During times of need, the body breaks down glycogen to produce
glucose.[2]

Fundamentals
Glycogenolysis, along with glycolysis, plays a central role in carbohydrate metabolism. It is the
principal route of glycogen utilization.[3]

Molecular
Glycogen is a storage polysaccharide consisting of D-glucose residues. The glucose residues are
joined by α-1,4, which represents most of the linkages, and α-1,6 linkages, which constitute the
branch points. Together, they give the molecule a branched structure. The advantages of the
highly branched nature are the increased solubility and the ability to concentrate a larger
molecule in a shorter space.[4]

Function
The liver breaks down glycogen to maintain adequate blood glucose levels, whereas, muscles
break down glycogen to maintain energy for contraction.

Glycogen debranching enzyme is one of the few known proteins possessing two independent
catalytic activities that occur at separate sites on a single polypeptide chain. The two activities
are transferase and amylo-1,6-glucosidase. Both the debranching enzyme and phosphorylase
enzyme are necessary for the complete degradation of glycogen.[5]

Adrenal hormones, such as catecholamines and glucocorticoids, regulate hepatic glycogenolysis.
Adenosine stimulates hepatic glycogenolysis through the secretion of corticosterone from the
adrenal glands.[1]
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By responding to norepinephrine, via a cAMP-dependent mechanism, glycogenolysis contributes
to stability maintenance during hypoglycemia. Glycogenolysis generates energy in the form of
ATP, NADH, and lactate production.[6]

Glycogenolysis is stimulated by glucagon, which is mediated by an intracellular increase of
cAMP and Ca+2, which is mediated either by the adenylate cyclase or phospholipase C pathway.
Glucagon activates adenylate cyclase via GR2 receptors. Adenylate cyclase converts ATP to
cAMP, which activates PKA, which activates glycogenolysis enzymes via ATP-dependent
phosphorylation.[7]

Mechanism
The key regulatory enzymes of glycogenolysis are phosphorylase kinase and glycogen
phosphorylase, both activated by phosphorylation. These will predominantly express in the liver,
muscle, and brain.[8]

The process of glycogenolysis starts in the muscle due to the activity of the enzyme adenyl
cyclase and cAMP. cAMP then binds to phosphorylase kinase and converts it to its active form,
which then converts phosphorylase b to phosphorylase a, which finally catalyzes the breakdown
of glycogen.[9]

The process of glycogen breakdown can occur either in the cytosol or in the lysosomes. In the
cytosol, the enzyme glycogen phosphorylase catalyzes the release of glucose-1-phosphate from
the ends of glycogen branches with the use of inorganic phosphate to cleave α-1,4 bonds.
[2] After that, glucose-1-phosphate can convert to glucose-6-phosphate. In the lysosome, the
enzyme acid α-glucosidase degrades lysosomal glycogen via an autophagy-dependent pathway. It
is known that the latter process serves as an immediate source of energy in the newborn period.
[2]

Since the enzyme phosphorylase can only cleave until it is four units from a branch point, when
glycogen phosphorylase reaches a branch point that is four glucose residues away, the enzyme
glycogen debranching enzyme transfers one of the branches to another chain, forming a new
α-1,4 bond and leaving a single glucose unit at the branch point, which is later hydrolyzed by
α-1,6-glucosidase, forming free glucose.[9]

Clinical Significance
Von Gierke disease, also known as glycogen storage disease type 1A, is an autosomal recessive
disorder in which the enzyme glucose-6-phosphatase is deficient, leading to an inability to break
down glycogen into glucose. It has an incidence of 1 in 100,000 live births. The clinical
presentation is characteristically an infant, usually at the age of three to six months (although the
age of presentation is variable), presenting with hypoglycemia and hepatomegaly, frequently
accompanied by hyperlipidemia, hyperuricemia, and lactic acidosis. An enzyme assay and liver
biopsy confirm the diagnosis. It is manageable through adequate dietary therapy for preventing
long-term complications.[10]

Pompe disease, also known as glycogen storage disease type II or acid maltase deficiency, is an
autosomal recessive disorder resulting from mutations in the GAA gene on chromosome 17q25,
coding for acid alpha-glucosidase, leading to lysosomal accumulation of glycogen in various
tissues, but mostly affecting cardiac and skeletal muscles. The clinical presentation depends on
the specific mutation and the resulting level of residual acid alpha-glucosidase activity. It is
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classified depending on the timing of presentation: classic infantile-onset Pompe disease, with an
age of onset ≤ 12 months, and late-onset Pompe disease, which manifests any time after 12
months of age. The classic type characteristically demonstrates a rapidly progressive
hypertrophic cardiomyopathy and left ventricular outflow obstruction, accompanied by muscle
weakness, hypotonia, and respiratory distress. Motor development is delayed. The main cause of
death is cardiac and respiratory failure, most commonly occurring before one year of age. The
late-onset type usually lacks cardiac involvement; it presents with muscle weakness progressing
to profound weakness and wasting, eventually requiring a wheelchair. Respiratory failure due to
the involvement of the diaphragm is a common complication.[11][12]

Cori Disease: also known as glycogen storage disease type III or limit dextrinosis, is a genetic
disease caused by a mutation in the AGL gene located in chromosome 1p21 encoding for
glycogen debranching enzyme (amylo-1,6-glucosidase), leading to a deficient activity in the key
enzyme responsible for glycogen degradation. The characteristic clinical presentation is
hypoglycemia, hyperlipidemia, growth retardation, and hepatomegaly. It can subdivide into type
IIIa, which present with hepatic and muscle involvement, which can develop myopathy and
cardiomyopathy, and type IIIb, which primarily presents with liver disease.[13][5]

McArdle disease: also known as glycogen storage disease type V or myophosphorylase
deficiency, is an autosomal recessive inborn error of skeletal muscle metabolism in which
glycogen phosphorylase activity is affected, resulting in an inability to break down glycogen. It
results from nonsense mutations in the PYGM-gene on chromosome 11, which codes for muscle
glycogen-phosphorylase (myophosphorylase). Since muscle glycogen-derived glucose is
unavailable during exercise, and glycogen is the primary fuel in exercise, exercise intolerance
characterizes the clinical scenario. Vigorous exercise will often cause contractures and
rhabdomyolysis accompanied by myoglobinuria.[14][15]

Glycogenolysis activated by catecholamines, such as norepinephrine, has been implicated in
memory consolidation. Researchers have proposed that it is an important factor in the
development of Alzheimer disease due to chronic atrophy.[6]

Review Questions

Access free multiple choice questions on this topic.

Comment on this article.

References
Tadaishi M, Toriba Y, Shimizu M, Kobayashi-Hattori K. Adenosine stimulates hepatic
glycogenolysis via adrenal glands-liver crosstalk in mice. PLoS One. 2018;13(12):e0209647.
[PMC free article: PMC6303095] [PubMed: 30576384]
Ellingwood SS, Cheng A. Biochemical and clinical aspects of glycogen storage diseases. J
Endocrinol. 2018 Sep;238(3):R131-R141. [PMC free article: PMC6050127] [PubMed:
29875163]
Panja S, Patra S, Mukherjee A, Basu M, Sengupta S, Dutta PK. A closed-loop control scheme
for steering steady states of glycolysis and glycogenolysis pathway. IEEE/ACM Trans
Comput Biol Bioinform. 2013 Jul-Aug;10(4):858-68. [PubMed: 24334381]
Huijing F. Glycogen metabolism and glycogen-storage diseases. Physiol Rev. 1975
Oct;55(4):609-58. [PubMed: 1103168]

https://www.statpearls.com/account/trialuserreg/?articleid=22336&utm_source=pubmed&utm_campaign=reviews&utm_content=22336
https://www.statpearls.com/articlelibrary/commentarticle/22336/?utm_source=pubmed&utm_campaign=comments&utm_content=22336
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6303095/
https://pubmed.ncbi.nlm.nih.gov/30576384
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6050127/
https://pubmed.ncbi.nlm.nih.gov/29875163
https://pubmed.ncbi.nlm.nih.gov/24334381
https://pubmed.ncbi.nlm.nih.gov/1103168


6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Kishnani PS, Austin SL, Arn P, Bali DS, Boney A, Case LE, Chung WK, Desai DM, El-
Gharbawy A, Haller R, Smit GP, Smith AD, Hobson-Webb LD, Wechsler SB, Weinstein DA,
Watson MS., ACMG. Glycogen storage disease type III diagnosis and management guidelines.
Genet Med. 2010 Jul;12(7):446-63. [PubMed: 20631546]

Coggan JS, Keller D, Calì C, Lehväslaiho H, Markram H, Schürmann F, Magistretti PJ.
Norepinephrine stimulates glycogenolysis in astrocytes to fuel neurons with lactate. PLoS
Comput Biol. 2018 Aug;14(8):e1006392. [PMC free article: PMC6160207] [PubMed:
30161133]
Biazi GR, Frasson IG, Miksza DR, de Morais H, de Fatima Silva F, Bertolini GL, de Souza
HM. Decreased hepatic response to glucagon, adrenergic agonists, and cAMP in
glycogenolysis, gluconeogenesis, and glycolysis in tumor-bearing rats. J Cell Biochem. 2018
Sep;119(9):7300-7309. [PubMed: 29761924]
Nadeau OW, Fontes JD, Carlson GM. The regulation of glycogenolysis in the brain. J Biol
Chem. 2018 May 11;293(19):7099-7107. [PMC free article: PMC5950003] [PubMed:
29483194]
Villar-Palasi C, Larner J. Glycogen metabolism and glycolytic enzymes. Annu Rev Biochem.
1970;39:639-72. [PubMed: 4320262]

Raza M, Arif F, Giyanwani PR, Azizullah S, Kumari S. Dietary Therapy for Von Gierke's
Disease: A Case Report. Cureus. 2017 Aug 08;9(8):e1548. [PMC free article:
PMC5630462] [PubMed: 29018645]
McCall AL, Salemi J, Bhanap P, Strickland LM, Elmallah MK. The impact of Pompe
disease on smooth muscle: a review. J Smooth Muscle Res. 2018;54(0):100-118. [PMC free
article: PMC6380904] [PubMed: 30787211]
Kohler L, Puertollano R, Raben N. Pompe Disease: From Basic Science to Therapy.
Neurotherapeutics. 2018 Oct;15(4):928-942. [PMC free article: PMC6277280] [PubMed:
30117059]
Sentner CP, Hoogeveen IJ, Weinstein DA, Santer R, Murphy E, McKiernan PJ, Steuerwald
U, Beauchamp NJ, Taybert J, Laforêt P, Petit FM, Hubert A, Labrune P, Smit GPA, Derks
TGJ. Glycogen storage disease type III: diagnosis, genotype, management, clinical course
and outcome. J Inherit Metab Dis. 2016 Sep;39(5):697-704. [PMC free article:
PMC4987401] [PubMed: 27106217]
Nielsen TL, Pinós T, Brull A, Vissing J, Krag TO. Exercising with blocked muscle
glycogenolysis: Adaptation in the McArdle mouse. Mol Genet Metab. 2018 Jan;123(1):21-
27. [PubMed: 29174367]
Ørngreen MC, Jeppesen TD, Taivassalo T, Hauerslev S, Preisler N, Heinicke K, Haller RG,
Vissing J, van Hall G. Lactate and Energy Metabolism During Exercise in Patients With
Blocked Glycogenolysis (McArdle Disease). J Clin Endocrinol Metab. 2015
Aug;100(8):E1096-104. [PubMed: 26030324]

Copyright © 2022, StatPearls Publishing LLC.

This book is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

(CC BY-NC-ND 4.0) ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ), which permits others to distribute the work,

provided that the article is not altered or used commercially. You are not required to obtain permission to distribute this article,

provided that you credit the author and journal.

Bookshelf ID: NBK554417 PMID: 32119304

https://pubmed.ncbi.nlm.nih.gov/20631546
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6160207/
https://pubmed.ncbi.nlm.nih.gov/30161133
https://pubmed.ncbi.nlm.nih.gov/29761924
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5950003/
https://pubmed.ncbi.nlm.nih.gov/29483194
https://pubmed.ncbi.nlm.nih.gov/4320262
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5630462/
https://pubmed.ncbi.nlm.nih.gov/29018645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6380904/
https://pubmed.ncbi.nlm.nih.gov/30787211
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6277280/
https://pubmed.ncbi.nlm.nih.gov/30117059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4987401/
https://pubmed.ncbi.nlm.nih.gov/27106217
https://pubmed.ncbi.nlm.nih.gov/29174367
https://pubmed.ncbi.nlm.nih.gov/26030324
https://www.ncbi.nlm.nih.gov/books/about/copyright/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://pubmed.ncbi.nlm.nih.gov/32119304

