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Abstract: The liver is the largest metabolic organ in the human body and serves as the
central regulator of carbohydrate, lipid, and amino acid metabolism. Through a complex
network of enzymatic pathways, the liver maintains energy homeostasis, regulates nutrient

distribution, detoxifies metabolic by-products, and synthesizes essential biomolecules.
Hepatic dysfunction significantly alters metabolic processes, leading to disorders such as
diabetes mellitus, non-alcoholic fatty liver disease (NAFLD), dyslipidemia, hepatic
encephalopathy, and metabolic syndrome. This review summarizes the biochemical
mechanisms through which the liver regulates carbohydrate, lipid, and amino acid
metabolism and discusses their physiological and clinical significance. Recent advances in
molecular hepatology and metabolic regulation are also highlighted.
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Introduction

The liver is a multifunctional organ responsible for maintaining metabolic
homeostasis throughout the body. Positioned strategically between the gastrointestinal tract
and systemic circulation, the liver receives nutrient-rich blood from the portal vein and
processes absorbed substances before they enter the systemic circulation.[1,2,3,4,5]

Among its numerous physiological functions, the liver plays a pivotal role in the
metabolism of carbohydrates, lipids, and amino acids. These metabolic processes are
tightly coordinated to ensure adequate energy supply, maintenance of blood glucose
concentration, synthesis of essential biomolecules, and elimination of toxic
metabolites.[6,7,8,9,10]

Modern biochemical research has revealed that the liver functions not only as a
metabolic factory but also as an endocrine organ capable of regulating whole-body
metabolism through the secretion of hormones, cytokines, and signaling
molecules.[11,12,13,14]

Anatomical and Biochemical Features of the Liver

The adult human liver weighs approximately 1.4-1.8 kg and consists of highly
specialized cells known as hepatocytes. These cells contain abundant mitochondria,
endoplasmic reticulum, peroxisomes, and lysosomes, enabling intensive metabolic
activity.[15,16,17]

Major biochemical functions of the liver include:

Regulation of blood glucose levels
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Glycogen synthesis and degradation

Fatty acid metabolism
Cholesterol synthesis
Lipoprotein production
: Protein synthesis

n Amino acid catabolism
Urea formation

ﬁﬂr—! 2
ST

% Detoxification

) Bile production

g The liver continuously adapts its metabolic functions according to nutritional status,

D hormonal signals, and energy demands.

< The Role of the Liver in Carbohydrate Metabolism

ab) Carbohydrate metabolism represents one of the most important hepatic functions.
_— Glycogenesis

g Following carbohydrate ingestion, elevated blood glucose stimulates insulin

- secretion. Insulin promotes hepatic uptake of glucose and its conversion into glycogen
7 through glycogenesis.
-’ The liver serves as the primary glycogen storage organ, storing approximately 100—
] 120 grams of glycogen under normal physiological conditions.[18,19,20,21]

CU Major enzymes involved include:

Glucokinase

Glycogen synthase

Branching enzyme

Glycogen storage allows the body to maintain stable blood glucose concentrations
during fasting periods.

Glycogenolysis

During fasting or increased energy demand, hepatic glycogen is degraded through
glycogenolysis.

This process is stimulated by:

Glucagon

Epinephrine

Cortisol

The resulting glucose is released into circulation, ensuring a continuous energy
supply for glucose-dependent tissues such as the brain and erythrocytes.[22,23,24]

Gluconeogenesis

When glycogen stores become depleted, the liver synthesizes glucose from non-
carbohydrate precursors through gluconeogenesis.

Major substrates include:

Lactate

Glycerol

Alanine

Glutamine
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Key enzymes include:

Pyruvate carboxylase

Phosphoenolpyruvate carboxykinase

Fructose-1,6-bisphosphatase

= Glucose-6-phosphatase

n Gluconeogenesis becomes particularly important during prolonged fasting,
starvation, and intense exercise.[25,26,27]
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% Pentose Phosphate Pathway
) The liver actively utilizes the pentose phosphate pathway to generate:
g NADPH
D Ribose-5-phosphate
< NADPH is essential for fatty acid synthesis, cholesterol synthesis, and antioxidant
@b defense mechanisms.
_— Hormonal Regulation of Hepatic Carbohydrate Metabolism
g Several hormones regulate carbohydrate metabolism in hepatocytes.
?"C“? Ilrr:;lljllilr? promotes:
-’ Glycogenesis
pr— Glycolysis
< Lipogenesis

Simultaneously, insulin suppresses:

Gluconeogenesis

Glycogenolysis

Glucagon

Glucagon exerts effects opposite to insulin by stimulating:

Glycogen breakdown

Glucose production

Fatty acid oxidation

Cortisol

Cortisol increases hepatic gluconeogenesis during stress and fasting.

Epinephrine

Epinephrine rapidly mobilizes glucose through activation of glycogenolysis.

The coordinated action of these hormones ensures glucose homeostasis under
varying physiological conditions.[28,29,30]

The Role of the Liver in Lipid Metabolism

The liver is the central organ for lipid metabolism.

Fatty Acid Synthesis

When dietary carbohydrate intake exceeds energy requirements, excess glucose is
converted into fatty acids.

The process involves:

Acetyl-CoA carboxylase

Fatty acid synthase complex
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NADPH-dependent reactions

Newly synthesized fatty acids are esterified to form triglycerides.

Fatty Acid Oxidation

During fasting, fatty acids are oxidized within hepatic mitochondria through p-
oxidation.

WFer 2
A

n Products include:
. Acetyl-CoA
% NADH
) FADH2
g These molecules contribute to ATP generation through oxidative phosphorylation.
D Fatty acid oxidation becomes particularly important during prolonged fasting and
< exercise.[31,32,33]
@b Ketogenesis
e Excess acetyl-CoA generated during B-oxidation is converted into ketone bodies.
g Major ketone bodies include:
-) Acetoacetate
7 B-Hydroxybutyrate
-’ Acetone
(o Ketone bodies serve as alternative energy substrates for the brain, skeletal muscle,
CU and heart during glucose deprivation.

Cholesterol and Lipoprotein Metabolism

The liver is the principal site of cholesterol synthesis.

Cholesterol serves as a precursor for:

Steroid hormones

Vitamin D

Bile acids

Cell membranes

The rate-limiting enzyme is:

HMG-CoA reductase

The liver synthesizes and secretes various lipoproteins:

Very Low-Density Lipoproteins (VLDL)

Transport endogenous triglycerides.

Low-Density Lipoproteins (LDL)

Deliver cholesterol to peripheral tissues.

High-Density Lipoproteins (HDL)

Participate in reverse cholesterol transport.

Disturbances in hepatic lipoprotein metabolism contribute significantly to
cardiovascular disease.

The Role of the Liver in Amino Acid Metabolism

Amino acid metabolism is another critical hepatic function.

Unlike carbohydrates and lipids, amino acids cannot be stored in large quantities.
Therefore, the liver continuously regulates their utilization and degradation.
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Transamination Reactions

The liver contains numerous aminotransferases responsible for amino acid
interconversion.

Important enzymes include:

Alanine aminotransferase (ALT)
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n Aspartate aminotransferase (AST)
o0 These enzymes facilitate the transfer of amino groups between amino acids and keto
N acids.
) Oxidative Deamination
g Excess amino acids undergo oxidative deamination.
D Glutamate dehydrogenase catalyzes the removal of amino groups, producing:
< Ammonia
ab) a-Ketoglutarate
— This process allows amino acids to contribute to energy production.
- Urea Cycle
- Ammonia generated during amino acid degradation is highly toxic.
7 The liver converts ammonia into urea through the urea cycle.
-’ Major enzymes include:
pr— Carbamoyl phosphate synthetase |
CU Ornithine transcarbamylase

Argininosuccinate synthetase

Arginase

Urea is subsequently excreted by the kidneys.

Failure of the wurea cycle results in hyperammonemia and neurological
complications.

Protein Synthesis in the Liver

The liver synthesizes most plasma proteins, including:

Albumin

Fibrinogen

Prothrombin

Complement proteins

Transport proteins

Albumin is particularly important for:

Maintenance of oncotic pressure

Transport of hormones

Drug binding

Fatty acid transport

Reduced albumin synthesis is a characteristic feature of chronic liver disease.

Metabolic Integration in the Liver

The liver integrates carbohydrate, lipid, and amino acid metabolism through shared
intermediates.

Examples include:
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Pyruvate

Acetyl-CoA
Oxaloacetate
a-Ketoglutarate
= These metabolites connect glycolysis, gluconeogenesis, fatty acid metabolism, and
n amino acid catabolism.

This integration allows the liver to rapidly adapt to:

Feeding

Fasting

Exercise

Stress

IlIness

Clinical Significance of Hepatic Metabolism

Disorders of hepatic metabolism contribute to numerous diseases.

Diabetes Mellitus

Characterized by:

Increased gluconeogenesis

Insulin resistance

Altered glycogen metabolism

Non-Alcoholic Fatty Liver Disease

Associated with:

Excess lipid accumulation

Oxidative stress

Inflammation

Cirrhosis

Results in:

Impaired gluconeogenesis

Hypoalbuminemia

Hyperammonemia

Hepatic Encephalopathy

Caused by accumulation of ammonia due to defective amino acid metabolism.

Understanding hepatic biochemical pathways is therefore essential for diagnosis and
treatment of metabolic diseases.

Recent Advances in Metabolic Hepatology

Modern research has identified numerous molecular regulators of liver metabolism,
including:

AMP-activated protein kinase (AMPK)

mTOR signaling pathway

Sirtuins

Fibroblast growth factor 21 (FGF21)

Peroxisome proliferator-activated receptors (PPARS)
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These signaling pathways represent promising therapeutic targets for metabolic

disorders and liver diseases.[35,36]

Conclusion

The liver functions as the central metabolic organ responsible for coordinating
carbohydrate, lipid, and amino acid metabolism. Through glycogenesis, gluconeogenesis,
n lipogenesis, B-oxidation, ketogenesis, amino acid catabolism, and protein synthesis, the
liver maintains systemic metabolic homeostasis. Disruptions in these pathways contribute

Fu L

% to major metabolic and hepatic diseases. Advances in biochemical and molecular research
) continue to improve our understanding of hepatic metabolism and provide new
g opportunities for therapeutic intervention.
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