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Chapter4: THE TISSUE LEVEL OF ORGANIZATION

The term tissue is used to describe a group of cells found together in the body. The cells within
a tissue share a common embryonic origin. Microscopic observation reveals that the cells in a
tissue share morphological features and are arranged in an orderly pattern that achieves the
tissue’s functions. There are many types of cells in the human body, they are organized into
four broad categories of tissues: epithelial, connective, muscle, and nervous. Each of these
categories is characterized by specific functions that contribute to the overall health and
maintenance of the body. A disruption of the structure is a sign of injury or disease. Such
changes can be detected through histology, the microscopic study of tissue appearance,

organization, and function.
4.1 The Four Types of Tissues

The Four Types of Tissues Epithelial tissue, also referred to as epithelium, refers to the sheets
of cells that cover exterior surfaces of the body, lines internal cavities and passageways, and
forms certain glands. Connective tissue, as its name implies, binds the cells and organs of the
body together and functions in the protection, support, and integration of all parts of the body.
Muscle tissue is excitable, responding to stimulation and contracting to provide movement, and
occurs as three major types: skeletal (voluntary) muscle, smooth muscle, and cardiac muscle
in the heart. Nervous tissue is also excitable, allowing the propagation of electrochemical
signals in the form of nerve impulses that communicate between different regions of the body
(Figure 4.1).
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Fig 4-1:The four types of tissues are exemplified in nervous tissue, stratified squamous
epithelial tissue, cardiac muscle tissue, and connective tissue in small intestine. Clockwise
from nervous tissue, LM x 872, LM x 282, LM x 460, LM x 800. (Micrographs provided by
the Regents of University of Michigan Medical School © 2012) Embryonic Origin of Tissue

Tissue Membranes

A tissue membrane is a thin layer or sheet of cells that covers the outside of the body (for
example, skin), the organs (for example, pericardium), internal passageways that lead to the

exterior of the body (for example, abdominal mesenteries), and the lining of the moveable joint
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cavities. There are two basic types of tissue membranes: connective tissue and epithelial

membranes (Figure 4.2).

Mucous membranes line the
digestive, respiratory, urinary,
and reproductive tracts. They
are coated with the secretions
of mucous glands.

Serous membranes line body
cavities closed to the exterior
of the body: the peritoneal,
pleural, and pericardial
cavities.

Cutaneous membrane, or the
skin, covers the body surface.

Synovial membranes line joint
cavities and produce the fluid
within the joint.

Fig 4-2: The two broad categories of tissue membranes in the body are (1) connective tissue

membranes, which include synovial membranes, and (2) epithelial membranes, which include

mucous membranes, serous membranes, and the cutaneous membrane, in other words, the

skin.
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Connective Tissue Membranes

The connective tissue membrane is formed solely from connective tissue. These membranes
encapsulate organs, such as the kidneys, and line our movable joints. A synovial membrane is
a type of connective tissue membrane that lines the cavity of a freely movable joint. For
example, synovial membranes surround the joints of the shoulder, elbow, and knee. Fibroblasts
in the inner layer of the synovial membrane release hyaluronan into the joint cavity. The
hyaluronan effectively traps available water to form the synovial fluid, a natural lubricant that
enables the bones of a joint to move freely against one another without much friction. This

synovial fluid readily exchanges water and nutrients with blood, as do all body fluids.

Epithelial Membranes

The epithelial membrane is composed of epithelium attached to a layer of connective tissue,
for example, your skin. The mucous membrane is also a composite of connective and epithelial
tissues. Sometimes called mucosae, these epithelial membranes line the body cavities and
hollow passageways that open to the external environment, and include the digestive,
respiratory, excretory, and reproductive tracts. Mucous, produced by the epithelial exocrine
glands, covers the epithelial layer. The underlying connective tissue, called the lamina propria

(literally “own layer”), help support the fragile epithelial layer.

A serous membrane is an epithelial membrane composed of mesodermally derived epithelium
called the mesothelium that is supported by connective tissue. These membranes line the
coelomic cavities of the body, that is, those cavities that do not open to the outside, and they
cover the organs located within those cavities. They are essentially membranous bags, with
mesothelium lining the inside and connective tissue on the outside. Serous fluid secreted by
the cells of the thin squamous mesothelium lubricates the membrane and reduces abrasion and
friction between organs. Serous membranes are identified according locations. Three serous
membranes line the thoracic cavity; the two pleura that cover the lungs and the pericardium

that covers the heart. A fourth, the peritoneum, is the serous membrane in the abdominal cavity
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that covers abdominal organs and forms double sheets of mesenteries that suspend many of the
digestive organs. The skin is an epithelial membrane also called the cutaneous membrane. It is
a stratified squamous epithelial membrane resting on top of connective tissue. The apical
surface of this membrane is exposed to the external environment and is covered with dead,

keratinized cells that help protect the body from desiccation and pathogens.
4.2 Epithelial Tissue

Most epithelial tissues are essentially large sheets of cells covering all the surfaces of the body
exposed to the outside world and lining the outside of organs. Epithelium also forms much of
the glandular tissue of the body. Skin is not the only area of the body exposed to the outside.
Other areas include the airways, the digestive tract, as well as the urinary and reproductive
systems, all of which are lined by an epithelium. Hollow organs and body cavities that do not
connect to the exterior of the body, which includes, blood vessels and serous membranes, are
lined by endothelium (plural = endothelia), which is a type of epithelium. Epithelial cells derive
from all three major embryonic layers. The epithelia lining the skin, parts of the mouth and
nose, and the anus develop from the ectoderm. Cells lining the airways and most of the
digestive system originate in the endoderm. The epithelium that lines vessels in the lymphatic
and cardiovascular system derives from the mesoderm and is called an endothelium. All
epithelia share some important structural and functional features. This tissue is highly cellular,
with little or no extracellular material present between cells. Adjoining cells form a specialized
intercellular connection between their cell membranes called a cell junction. The epithelial
cells exhibit polarity with differences in structure and function between the exposed or apical
facing surface of the cell and the basal surface close to the underlying body structures. The
basal lamina, a mixture of glycoproteins and collagen, provides an attachment site for the
epithelium, separating it from underlying connective tissue. The basal lamina attaches to a
reticular lamina, which is secreted by the underlying connective tissue, forming a basement
membrane that helps hold it all together. Epithelial tissues are nearly completely avascular. For
instance, no blood vessels cross the basement membrane to enter the tissue, and nutrients must
come by diffusion or absorption from underlying tissues or the surface. Many epithelial tissues
are capable of rapidly replacing damaged and dead cells. Sloughing off of damaged or dead
cells is a characteristic of surface epithelium and allows our airways and digestive tracts to

rapidly replace damaged cells with new cells.
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Generalized Functions of Epithelial Tissue

Epithelial tissues provide the body’s first line of protection from physical, chemical, and
biological wear and tear. The cells of an epithelium act as gatekeepers of the body controlling
permeability and allowing selective transfer of materials across a physical barrier. All
substances that enter the body must cross an epithelium. Some epithelia often include structural
features that allow the selective transport of molecules and ions across their cell membranes.

Many epithelial cells are capable of secretion and release mucous and specific chemical
compounds onto their apical surfaces. The epithelium of the small intestine releases digestive
enzymes, for example. Cells lining the respiratory tract secrete mucous that traps incoming
microorganisms and particles. A glandular epithelium contains many secretory cells.

Epithelial Cell

Epithelial cells are typically characterized by the polarized distribution of organelles and
membrane-bound proteins between their basal and apical surfaces. Particular structures found
in some epithelial cells are an adaptation to specific functions. Certain organelles are
segregated to the basal sides, whereas other organelles and extensions, such as cilia, when
present, are on the apical surface. Cilia are microscopic extensions of the apical cell membrane
that are supported by microtubules. They beat in unison and move fluids as well as trapped
particles. Ciliated epithelium lines the ventricles of the brain where it helps circulate the
cerebrospinal fluid. The ciliated epithelium of your airway forms a mucociliary escalator that
sweeps particles of dust and pathogens trapped in the secreted mucous toward the throat. It is
called an escalator because it continuously pushes mucous with trapped particles upward. In
contrast, nasal cilia sweep the mucous blanket down towards your throat. In both cases, the
transported materials are usually swallowed, and end up in the acidic environment of your

stomach.
Classification of Epithelial Tissues

Epithelial tissues are classified according to the shape of the cells and number of the cell layers
formed (Figure 4.3). Cell shapes can be squamous (flattened and thin), cuboidal (boxy, as wide

as it is tall), or columnar (rectangular, taller than it is wide). Similarly, the number of cell layers
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in the tissue can be one—where every cell rests on the basal lamina—which is a simple
epithelium, or more than one, which is a stratified epithelium and only the basal layer of cells
rests on the basal lamina. Pseudostratified (pseudo- = “false”) describes tissue with a single
layer of irregularly shaped cells that give the appearance of more than one layer. Transitional
describes a form of specialized stratified epithelium in which the shape of the cells can vary.

See Figure 4.4.
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Figure 4-3: Simple epithelial tissue is organized as a single layer of cells and stratified

epithelial tissue is formed by several layers of cells.
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Cells Location Function
Simple squamous epithelium Air sacs of lungs and the lining | Allows materials 1o pass
e of the heart, blood vessels, through by diffusion and
and lymphatic vessels filtration, and secretes
lubricating substance
Simple cuboidal epithelium In ducts and secretory portions | Secretes and absorbs

of small glands and in kidney
tubules

Simple columnar epithelium

Cikated tissues are in bronchi,
uterine tubes, and uterus;
smooth (nonciliated tissues)
are in the digestive tract,
bladder

Absorbs; i also secretes
mucous and enzymes

Pseudostratified columnar epithelium

Cikated tissue lines the trachea
and much of the upper
respiratory tract

Secretes mucus; ciliated tissue
moves mucus

Stratified squamous epithelium Lines the esophagus, mouth, Protects against abrasion
> —~ - - and vagina
- . , e =2
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and the mammary glands
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20 90000
Transitional epithelium Lines the bladder, uretha, and | Allows the urinary organs to
e o the ureters expand and stretch

Figure 4-4: Epithelial Tissue Cells
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4.3 Connective Tissue Supports and Protects

As may be obvious from its name, one of the major functions of connective tissue is to connect
tissues and organs. Unlike epithelial tissue, which is composed of cells closely packed with
little or no extracellular space in between, connective tissue cells are dispersed in a matrix. The
matrix usually includes a large amount of extracellular material produced by the connective
tissue cells that are embedded within it. The matrix plays a major role in the functioning of this
tissue. The major component of the matrix is a ground substance often crisscrossed by protein
fibers. This ground substance is usually a fluid, but it can also be mineralized and solid, as in
bones. Connective tissues come in a vast variety of forms, yet they typically have in common
three characteristic components: cells, large amounts of amorphous ground substance, and
protein fibers. The amount and structure of each component correlates with the function of the
tissue, from the rigid ground substance in bones supporting the body to the inclusion of
specialized cells; for example, a phagocytic cell that engulfs pathogens and also rids tissue of
cellular debris

Functions of Connective Tissues

Connective tissues perform many functions in the body, but most importantly, they support and
connect other tissues; from the connective tissue sheath that surrounds muscle cells, to the
tendons that attach muscles to bones, and to the skeleton that supports the positions of the body.
Protection is another major function of connective tissue, in the form of fibrous capsules and
bones that protect delicate organs and, of course, the skeletal system. Specialized cells in
connective tissue defend the body from microorganisms that enter the body. Transport of fluid,
nutrients, waste, and chemical messengers is ensured by specialized fluid connective tissues,
such as blood and lymph. Adipose cells store surplus energy in the form of fat and contribute
to the thermal insulation of the body.

Classification of Connective Tissues

The three broad categories of connective tissue are classified according to the characteristics
of their ground substance and the types of fibers found within the matrix (Table 4.1).
Connective tissue proper includes loose connective tissue and dense connective tissue. Both

tissues have a variety of cell types and protein fibers suspended in a viscous ground substance.

9



Lec3: Anatomy and Physiology .................. ( Levels of Organization)

Dense connective tissue is reinforced by bundles of fibers that provide tensile strength,
elasticity, and protection. In loose connective tissue, the fibers are loosely organized, leaving
large spaces in between. Supportive connective tissue—bone and cartilage—provide structure
and strength to the body and protect soft tissues. A few distinct cell types and densely packed
fibers in a matrix characterize these tissues. In bone, the matrix is rigid and described as
calcified because of the deposited calcium salts. In fluid connective tissue, in other words,
lymph and blood, various specialized cells circulate in a watery fluid containing salts, nutrients,

and dissolved proteins.

Connective Tissue Examples

Connective tissue proper Supportive connective tissue Fluid connective tissue

Loose connective tissue Cartilage

Areolar Hyaline

Adipose Fibrocartilage Blood
Reticular Elastic

Dense connective tissue Bones

Regular elastic Compact bone Lymph
Irregular elastic Cancellous bone

Table 4-1: Connective tissue classification

4.4 Muscle Tissue and Motion

Muscle tissue is characterized by properties that allow movement. Muscle cells are excitable;
they respond to a stimulus. They are contractile, meaning they can shorten and generate a
pulling force. When attached between two movable objects, in other words, bones, contractions
of the muscles cause the bones to move. Some muscle movement is voluntary, which means it
is under conscious control. For example, a person decides to open a book and read a chapter
on anatomy. Other movements are involuntary, meaning they are not under conscious control,
such as the contraction of your pupil in bright light. Muscle tissue is classified into three types
according to structure and function: skeletal, cardiac, and smooth (Table 4.2), (Figure 4.5).

10
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Tissue Histology Function Location
Long cylindrical fiber, Attached to bones and
striated, many Voluntary movement, produces heat, protects |around entrance points

Skeletal :
peripherally located organs to body (e.g., mouth,
nuclei anus)
Short, branched,
Cardiac striated, single central |Contracts to pump blood Heart
nucleus
Short, spindle-shaped, |Involuntary movement, moves food,
Smooth no evident striation, involuntary control of respiration, moves Walls of major organs

single nucleus in each
fiber

secretions, regulates flow of blood in arteries
by contraction

and passageways

Table 4.2: Comparison of Structure and Properties of Muscle Tissue Types
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(a)

(b)

Fig4-5: (a) Skeletal muscle cells have prominent striation and nuclei on their periphery. (b)
Smooth muscle cells have a single nucleus and no visible striations. (c) Cardiac muscle cells
appear striated and have a single nucleus. From top, LM x 1600, LM x 1600, LM x 1600.
(Micrographs provided by the Regents of University of Michigan Medical School © 2012)

4.5 Nervous Tissue Mediates Perception and Response

Nervous tissue is characterized as being excitable and capable of sending and receiving
electrochemical signals that provide the body with information. Two main classes of cells make
up nervous tissue: the neuron and neuroglia (Figure 4.6). Neurons propagate information via
electrochemical impulses, called action potentials, which are biochemically linked to the
release of chemical signals. Neuroglia play an essential role in supporting neurons and
modulating their information propagation.

12
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Fig 4-6: The cell body of a neuron, also called the soma, contains the nucleus and
mitochondria. The dendrites transfer the nerve impulse to the soma. The axon carries the
action potential away to another excitable cell. LM x 1600. (Micrograph provided by the

Regents of University of Michigan Medical School © 2012)

Neurons display distinctive morphology, well suited to their role as conducting cells, with three
main parts. The cell body includes most of the cytoplasm, the organelles, and the nucleus.
Dendrites branch off the cell body and appear as thin extensions. A long “tail,” the axon,
extends from the neuron body and can be wrapped in an insulating layer known as myelin,
which is formed by accessory cells. The synapse is the gap between nerve cells, or between a
nerve cell and its target, for example, a muscle or a gland, across which the impulse is
transmitted by chemical compounds known as neurotransmitters. Neurons categorized as
multipolar neurons have several dendrites and a single prominent axon. Bipolar neurons
possess a single dendrite and axon with the cell body, while unipolar neurons have only a single
process extending out from the cell body, which divides into a functional dendrite and into a

13
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functional axon. When a neuron is sufficiently stimulated, it generates an action potential that
propagates down the axon towards the synapse. If enough neurotransmitters are released at the

synapse to stimulate the next neuron or target, a response is generated.

Astrocyte cells, named for their distinctive star shape, are abundant in the central nervous
system. The astrocytes have many functions, including regulation of ion concentration in the
intercellular space, uptake and/or breakdown of some neurotransmitters, and formation of the
blood-brain barrier, the membrane that separates the circulatory system from the brain.

Microglia protect the nervous system against infection but are not nervous tissue because they

are related to macrophages.

Oligodendrocyte cells produce myelin in the central nervous system (brain and spinal cord)
while the Schwann cell produces myelin in the peripheral nervous system (Figure 4.7).

Fig 4-7: Nervous tissue is made up of neurons and neuroglia. The cells of nervous

tissue are specialized to transmit and receive impulses. LM x 872. (Micrograph provided by
the Regents of University of Michigan Medical School © 2012)
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