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TOXIC RESPONSES OF THE 

LIVER

Introduction

• The liver is the main organ where exogenous chemicals are

metabolized and eventually excreted.

• Liver cells are exposed to significant concentrations of these

chemicals, which can result in liver dysfunction, cell injury,

and even organ failure.

• If an industrial chemical is identified as a hepatotoxant, the

use of the chemical may be restricted, the exposure may be

minimized by using protective clothing and respirators, and

attempts are made to replace it with a safer alternative.



LIVER PHYSIOLOGY

Hepatic Functions

Venous blood, from the stomach and intestine, flows into the

portal vein and then through the liver before entering the

systemic circulation.

The liver is the first organ to encounter ingested nutrients,

vitamins, metals, drugs, and environmental toxicants as well as

waste products of bacteria that enter portal blood.

Efficient scavenging or uptake processes extract these absorbed

materials from the blood for catabolism, storage, and/or

excretion into bile.



LIVER PHYSIOLOGY
Hepatic Functions

• Alcohol abuse is the major cause of liver disease in most western

countries thus ethanol provides a highly relevant example of a

toxicant with multiple functional consequences.

• Early stages of ethanol abuse are characterized by lipid

accumulation (fatty liver) due to:

 diminished use of lipids as fuels

 impaired ability to synthesize the lipoproteins that transport lipids

out of the liver.

• People with hepatic cirrhosis due to chronic alcohol abuse

frequently become deficient at detoxifying both the ammonia

formed by catabolism of amino acids and the bilirubin derived from

breakdown of hemoglobin.



LIVER PHYSIOLOGY

Bile Formation

• Bile is a yellow fluid containing bile acids, glutathione,

phospholipids, cholesterol, bilirubin and other organic anions,

proteins, metals, ions, and xenobiotics.

• Formation of this fluid is a specialized function of the liver.

• Adequate bile formation is essential for:

 uptake of lipid nutrients from the small intestine, for protection of

the small intestine from oxidative insults

 for excretion of endogenous and xenobiotic compounds.





LIVER PATHOPHYSIOLOGY

Mechanisms and Types of Toxin-induced Liver Injury

• The response of the liver to chemical exposure depends on the:

 intensity of the insults

 the cell population affected

 the duration of the chemical exposure (acute vs. chronic).



Mechanisms and Types of Toxin-induced Liver Injury

Cell Death
Based on morphology, liver cells can die by two different modes, necrosis

or apoptosis.

1. Necrosis is characterized by:

 cell swelling

 leakage of cellular contents

 nuclear disintegration

 influx of inflammatory cells.

• Because necrosis is generally the result of an exposure to a toxic

chemical or other traumatic conditions, large numbers of contiguous

hepatocytes and nonparenchymal cells may be affected.

2. Apoptosis is characterized by:
 cell shrinkage

 chromatin condensation

 nuclear fragmentation

 formation of apoptotic bodies, and generally, lack of inflammation.



Apoptosis vs. Necrosis



Apoptosis pathways

• Two major molecular pathways mediate the apoptosis process.

1. One pathway is mediated by members of the death-receptor such as

Fas/CD95/TNF-R1. Binding of a death-ligand (such as CD95 ligand or

TNFα) to its death-receptor induces activation of the caspase cascade

(initiator caspases e.g., caspases 8 or 10, and executioner caspases 3, 6 or

7) which leads to DNA fragmentation.

2. The second pathway can be induced by various stimuli such as ionizing

radiation causing DNA damage, heat, osmotic shock or growth factor

starvation. These stimuli alter the mitochondrial membrane

permeabilization, which subsequently results in the release of pro-

apoptotic mitochondrial proteins into the cytosol. These pro-apoptotic

factors ultimately lead to caspases activation (initiator caspase 9, and

executioner caspases 3, 6 or 7) and cell death.



Apoptosis pathways


