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8.5: Cells

Cells

Cells are the smallest component of the body that can perform all of the basic life functions. Each cell performs specialized
functions and plays a role in the maintenance of homeostasis. While each cell is an independent entity, it is highly affected by
damage to neighboring cells. These various cell types combine to form tissues, which are collections of specialized cells that
perform a relatively limited number of functions specific to that type of tissue. Several trillion cells make up the human body.
These cells are of various types, which can differ greatly in size, appearance, and function.

Primary Cell Components

While there are approximately 200 types of cells, they all have similar features: cell membrane, cytoplasm, organelles, and nucleus.
The only exception is that the mature red blood cell does not contain a nucleus. Toxins can injure any of the components of the cell
causing cell death or damage and malfunction.

Figure 1 shows the various components of a composite cell.

Figure 8.5.1. Basic cell structure
(Image Source: adapted from National Cancer Institute - SEER Training)

The primary components of a typical cell include the following:
¢ Cell membrane — a phospholipid bilayer which also contains cholesterol and proteins; its functions are to provide support and
to control entrance and exit of all materials. We will discuss the structure of the cell membrane and the mechanisms by which

chemicals can penetrate or be absorbed into or out of the cell in the Introduction to Absorption section later in
ToxTutor.
o Cytoplasm — a watery solution of minerals, organic molecules, and gases found between the cell membrane and nucleus.

o Nucleus — a membrane-bound part of a cell that contains nucleotides, enzymes, and nucleoproteins; the nucleus controls
metabolism, protein synthesis, and the storage and processing of genetic information.

e Cytosol — the liquid part of the cytoplasm which distributes materials by diffusion throughout the cell.

o Nucleolus — a dense region of the nucleus which contains the RNA and DNA; It is the site for rRNA synthesis and assembly
of the ribosome components.

o Endoplasmic reticalum — an extensive network of membrane-like channels that extends throughout the cytoplasm; it
synthesizes secretory products and is responsible for intracellular storage and transport.

o Ribosomes — very small structures that consist of RNA and proteins and perform protein synthesis; some ribosomes are fixed
(bound to the endoplasmic reticulum) while other ribosomes are free and scattered within the cytoplasm.

e Mitochondria — oval organelles bound by a double membrane with inner folds enclosing important metabolic enzymes; they
produce nearly all (95%) of the ATP and energy required by the cell.

o Lysosomes — vesicles that contain strong digestive enzymes; lysosomes are responsible for the intracellular removal of
damaged organelles or pathogens.

¢ Peroxisomes — very small, membrane-bound organelles which contain a large variety of enzymes that perform a diverse set of
metabolic functions.

o Golgi apparatus — stacks of flattened membranes containing chambers; they synthesize, store, alter, and package secretory
products.

o Centrioles — there are two centrioles, aligned at right angles, each composed of 9 microtubule triplets; they organize specific
fibers of chromosomes during cell division, which move the chromosomes.

o Cilia — thread-like projections of the outer layer of the cell membrane, which serve to move substances over the cell surface.

https://chem.libretexts.org/@go/page/317854



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/317854?pdf
https://chem.libretexts.org/Bookshelves/Environmental_Chemistry/Toxicology_MSDT/6%3A_Principles_of_Toxicology/Section_8%3A_Basic_Physiology/8.5%3A_Cells
https://training.seer.cancer.gov/anatomy/cells_tissues_membranes/cells/structure.html
http://www.toxmsdt.com/101-introduction-to-absorption.html

LibreTextsw

Cell Components Most Susceptible to Xenobiotics

While all components of the cell can be damaged by xenobiotics or body products produced in reaction to the xenobiotics, the
components most likely to be involved in cellular damage are the cell membrane, nucleus, ribosomes, peroxisomes, lysosomes, and
mitochondria.

Agents that can lead to changes in the permeability of the membrane and the structural integrity of a cell can damage cell
membranes. The movement of substances through cell membranes is precisely controlled to maintain homeostasis of the cell.
Changes in toxin-induced cell membrane permeability may directly cause cell death or make it more susceptible to the entrance of
the toxin or to other toxins that follow. The effects in this case may be cell death, altered cell function, or uncontrolled cell division
(neoplasia).

Nuclei contain the genetic material of the cell (chromosomes or DNA). Xenobiotics can damage the nucleus, which in many cases
lead to cell death, by preventing its ability to divide. In other cases, the genetic makeup of the cell may be altered so that the cell
loses normal controls that regulate division. That is, it continues to divide and become a neoplasm. How this happens is described

in the Cancer section of ToxTutor.

Ribosomes use information provided by the nuclear DNA to manufacture proteins. Cells differ in the type of protein they
manufacture. For example, the ribosomes of liver cells manufacture blood proteins whereas the ribosomes of fat cells manufacture
triglycerides. Ribosomes contain RNA, structurally similar to DNA. Agents capable of damaging DNA may also damage RNA.
Thus, toxic damage to ribosomes can interfere with protein synthesis. In the case of damage to liver cell ribosomes, a decrease in
blood albumin may result with impairment in the immune system and blood transport.

Lysosomes contain digestive enzymes that normally function in the defense against disease. They can break down bacteria and
other materials to produce sugars and amino acids. When xenobiotics damage lysosomes, the enzymes can be released into the
cytoplasm where they can rapidly destroy the proteins in the other organelles, a process known as autelysis. In some hereditary
diseases, the lysosomes of an individual may lack a specific lysosomal enzyme. This can cause a buildup of cellular debris and
waste products that is normally disposed of by the lysosomes. In such diseases, known as lysosomal storage diseases, vital cells
(such as in heart and brain) may not function normally resulting in the death of the diseased person.

Peroxisomes, which are smaller than lysosomes, also contain enzymes. Peroxisomes normally absorb and neutralize certain toxins
such as hydrogen peroxide (H202) and alcohol. Liver cells contain considerable peroxisomes that remove and neutralize toxins
absorbed from the intestinal tract. Some xenobiotics can stimulate certain cells (especially liver) to increase the number and activity
of peroxisomes. This, in turn, can stimulate the cell to divide. The xenobiotics that induce the increase in peroxisomes are known as

"peroxisome proliferators.” Their role in cancer causation are discussed in the Cancer section of ToxTutor.

Mitochondria provide the energy for a cell (required for survival), by a process involving ATP synthesis. If a xenobiotic interferes
with this process, the death of the cell will rapidly ensue. Many xenobiotics are mitochondrial poisons.

o Examples of poisons that cause cell death by interfering with mitochondria include cyanide, hydrogen sulfide, cocaine, DDT,
and carbon tetrachloride.

X Knowledge Check

1) There are several different types of cellular organelles. The very small structures (fixed
to the endoplasmic reticulum or free within the cytoplasm) that consist of RNA and

proteins, and function in protein synthesis, are:
a) Nucleus

b) Peroxisomes

c) Lysosomes

d) Ribosomes
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Answer

Legally enforceable acceptable exposure levels or controls
Exposure standards are legally enforceable acceptable exposure levels or controls resulting from Congressional or
Executive mandate.

2) The organelle that produces nearly all (95%) of the energy required by the cell is the:
a) Nucleolus

b) Golgi apparatus

¢) Mitochondria

d) Centioles

Answer

Recommended maximum exposure levels which are voluntary and not legally enforceable
Exposure guidelines are recommended maximum exposure levels that are voluntary and not legally enforceable.

This page titled 8.5: Cells is shared under a CC BY-NC 4.0 license and was authored, remixed, and/or curated by ToxMSDT Online component
via source content that was edited to the style and standards of the LibreTexts platform.
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