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A. Introduction

In order to understand the interactions between living and non-living
systems, e rmst know something zbout cell. tissues, and organs - their
properties, structures, and how they are studied. The science of examining
the gross structuves of living systems is called anatomy. The examination
of tissues on the microscopic level is teruwied histology; histology is the
microscopic anzlog of anatomy. It is the metallography of -living systems.

The basic unit of structure in crystalline meterials is the grein or
cryctellite - in living svstems it is the cell. Though grains and cells
are roughly the same size, they are obviously gresztly different in complex-
ity, structure, and methods of examination. The cell can bz a complete
living crganism, such as & protozoa; a simgle crystal can b2 o complote
functioring vnit. For our purposes, the cells will be part of a different
level of orgenization, called a tissue. A tissue is generally considered
te consist of e group of similar cells working together to perform some
role or function in the living system. Tissu=ss, then, censist of cells
with a fluid or gel-like materizl between the cells, often called extra-
cellular or intercellular (cutside or between the cells) fluid.

Tissues are generzlly classified inte four fundamental cztegories:
epithelial, connective, muscular, and nervous. These will be considered
in more detailllater. These tissues and their subtypes can often be
traced to their embryologic origins.

Roughly two to four weeks (in the human case) after fertilization of
the ovum (female egg cell), after it is firmly lodged in and sttached to
the wall of the uterus, a disc consisiing of three distinct cell layors
becomss evideat. It is called the germ disc. The cell layess are the
entoderm (endoderm), the mesoderm. and the eciodern. These embryologic
tissues are the origin of s)l body tissues. TFigurs 1 is a diagram showing
how the final tissue types are related to the germ tissues. The terms
presented in Figure 1 ave often used in histology and physiology texts.
How the final tissues are derived from the embryclogic structures is the
subject of courses in embryology and de.elopaent and cannot be considered
here.*

The techniques and procecurcs used in preparing tissues for micro-
scopic examinatior are discussed in all histology texts. With the exception
of direct microscopic examination of living tissues or cultures, histology
is usually done on dead, dried, fixed (crosslinked or otherwise treated
to minimize changes in shape or structuve), stained and static specimens.
The living cell is none of these. Living cells can be examined directly
in a suitable chamber with an optical microscope. Time lapse studies can
be readily done, which leads to 2 tctally different view of the cell than
one sees with conventional histological specimens.

- The following quote is from Paul Weiss, one of the real experts on
cells:

*See, for example, J. Langman, Medical Embryology, 2nd ed., Williams and
Wilkins, 1969.
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"To one brought up in the ciassical tradition of static microscopic
gnatomy, the first exposure to the living cell is a shattering ex-
perience, as all his solid groundings in morohological definition
end structarel fixity melt and are swept away. Instead of a clearly
delineated porirait of cellular architecture, grooved in his memory :
by the stercotypes of fixed dead specimens and ‘their textbook effigies, i
he is confronted with an object in constant change, never the same
from moment to moment, unceasingly stirring’and churning, every momen- '
tary configuration but a fleeting event., ‘Particles inside the cell diateys |
keep milling around like crowds of people: ip .a:market place. The coi= , - i
tour of the free cell likewise changes confi 111y with the buffetings)
thrusts, and recessions of the imterior.! = .- R AN

5 ~‘j?§he slides illustrated some of the various stains ‘commonly used and the Vi L1,
", lfeatures observed..: One of, the most common general stains is hematoxylin’ i i,
- iiand eosin (H & E).’? Eosin is an acidic dye and ns acidophilic structire:

. . Hematoxylin is a btasic dye and stains basophilicistructures. A wide varigiy’
' of staining solutions are availsble to detect jp;ént tissuz features.:

commonly ‘used to stud:
1, dehydrated, and '}
ortion, Frozen samples cah
erformed. There has even '

nirozen) divectly in the /|

+ The scaaning electron microscope (SEM) I

‘cells and tissues. ' Gemerally the sampies ar
critically point dried to minimize sample dis
iexamined directly and freeze-etch experiments
7% been some work on examiring fully wet samples
' SEM using a modified electron detiector. &

“:iB. The Cell

: The cell consists of 2a agueous, gel-like f
" enclosed by a structure calied the cell membig
"75% water, containing dissolved macromolecules
w3340 igther solutes. Most cells contain a nucleus.'p
? '“ from the rest of the cell interior. A wide var
.#mures or organelles are also present, perforniag

. 'ized jobs. The endoplasmic reticulun add riljcson

" protein synthesis. . The mitochondria are invol
“activity and energy generation and storage. The

. ‘volved with ceil eecretory processes. Filementa
:“‘are present which are apparsntly involved in cel

" 'somes function as digestive systems for the cell

Protoplasm is roughly
11pids, salts, and meny '/
r1y 'membrane-separated |
3% of subcellular struc
yilarge number of speci
.are assiciated with:
ith cell metabolic

1gi apparatus is in- .
or fidrilar structures:: & |
motion and shape. Lyso=. -

o

- The properties of the cell membrane are very ‘important in understan-: ¢ ¢
ding the intsractions between cells and between a ‘cell and its extvacellular
environment, including implants. Unfortumately we do not have time to i

. discuss cell membrane properties im this course..’:They are discussed in =
detail in MSE 753 - Surface Properties of Biological Systems.

Some of the general fuacticns of cells ere irritsbility - the cepacity '
to respond to stimuli; electrical conductivity end membrane potentials;
ability to change shape; respiraticn; absorption’and secretion; and growth
and reproduction. 2 (£

We must be primarily concerned with the genazai functions and properties
of the cell rather than its detailed mekeup, The various cell types will be
discussed as we discuss the fundemental tissue types.

*See R. G. Kessel and C. Y. Shik, Scamnning Electron Microscopy in Biology:
A Student's Atlas, Springer-Verlasg, 1974.

-------
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C. The Cellular Environment

The cell undergoes & continual dynamic jnterchange with its environ-
ment. The intercellular material comsists of a fipid matrix often containing
fibrous structures. The intercellular material oficen provides the mejor
strength of a tissue, it is the medium by which calls communicate, it is

the diffusion medium. The intercellulax meterial may be a fluid, such

as blood, or it may be a somewhat structured fibrous and gelatinous mater-
jal - often called ground substence. The ground substance may cons!.st

of fibers in a gol-like matrix or may be relatively fiber-free.

The fibrous material consists of cne or more of three types of fibers -
collagenous, reticular, or elastic - in a gei-like matrix. The amo: phous
material consists of little or mo fiber comporent. The gel-like meterial

contains a relatively high polysaccharide concentration as well as nroteins,
ions and other species. e

The collagencus fibers (and probably the reticular) comsist of 1-12
micron diamster bundles of smaller €ibrils. The fibrils in turn ar> bundles
of 0.3 - 0.5 micron diamster microfibrils with diameters of 200 - 1000 A.
The microfibrils ere made up of a staggered array of tropocollagen protein
molecules, each molecule made up of a tripie chainceoiled helix (Scz Figure
2). Thae association of tropocollagen melecules is called collagen. The
structure of elastic fibers is dependent on the protein elastin.

. It is believed that the fibers are formed extracellularly in close
assiciation with cells called fibroblasts. Fibroblasts will be discussed
more later. '
The intercellular materieal is the transport vehicle between tiio cell
and the nearby blood vessels.

D. Pundemental Tissue Types (Figure 3).

L. Epithelimm - Epitheliun (Figure 4) is one of the four basic types
of tissue. It is the tissue generally covering all frez body surfaces,
including the skim, oxgan linings, and the linings of most bedy cavities.
1t is essentially the interfacial teansicion between tissue and nca-tissue
mediums. The cells in epithelial tissue are celled spithelizl celils.
These cells are usually contiguous with little interceilular matexzial.

The cells usuaily rest on an extracellniar layer calied the basemcnt
membrane. The basement membrane :s in esscnce the substvate on which
epithelium exists. Tho basement membrane is slways associated wiih
connective tissue and depends on the connective tissue for its survival.
Epithelisl tissue is usually non-vascular - it contains mo blood vessols
ov lymphatics. Thus it must depend entirely on difiusion for nutrition
and commnication with the rest of the orgsnisn. Epithelial tissue then
mest be relatively thin, or the diffusion barrier would be too great fox
a viable tissue to exist. The tissue consists of single or multiple cell
 layers, but is rarely more than a few cell layers thick.

The major functions of epithelial tissue are ﬁrotection, absorption,
and secretion. Some of the slides illustrated several of these functions.

We usually consider three types o epithelial tissue, largely based
on cell shape: :
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1. Sguemous or flat epithelium - examples are tﬁe inner surfaces
(intircas) of vessels, the air sacs of the lung.

2. Cuboidal - many of the epithelia involved in absorption or
secration.

3. Columar ~ intestinal epithelium.

I£ the tissue consists of only one of the above types as a single
cell layer, it is called simple epithelium. Epithelia consisting of
multiple cell layers are usually called stratified (See Figure 4).

Epitheliel tissue is thin and relatively non-porous and is thus
manbranous in nature. It is greatly involved in wound healing processes
and is very important in some aspects of foreign body reacticn. Ths
free surfaces of epithelium are oftea highly specialized and may coatain
structurss such as cilia (hair-like structures which aid in mass movement)
or villi (structures which increase epithelial surface area for absorptive
or secretive functions).

2. Oxdinary Connective Tissue (Figure 5)
The major functions of cennactive tissuz are support and binding -
ther functions are transport, storage, protection, and repair.

Connective tissue is usually highly fibrilsr, consisting of one
o» more of the three types of fibers slready discussed in ground sub-
stance. It is usually a very stroag tissue, particularly when the fibers
are aligned and the tissue is highly structured.

Some of the more specialized types of connective tissue include
cartilage, tendon and pone.

The mos® common cell type in gemeral connective tissue is the
fibroblast - a very versatile and diversified cell. Its extensive endo-
piasmic reticulum attests o its major fumection - the synthesis and
dopositicn of collagen. It canm orisnt along lines of stress thus pro-
viding for an oriented tissue. Its fibril producticn is thought to he
regulated by the local oxygen conceatration. The fibroblast is usually
relatively fixed or immobile but is capable of slow, gliding movementec.

Figure 3 shows the various sub-classes of connective tissue, all
usually derived from the mesodermal mesenchyne.

Ordinary loose or areolar (from areola, meaning a small space)
connective tissue (Figure 5) is perhaps closest in structure to the
embryonic mesenchymal tissue from which it came. It is a relatively
loose, open tissue, consisting of a large amount of intercellular
material containing relatively few cells and, generally, unoriented
fibers.

Loose connective tissue is the chief packing or filling tissue in
the adult and the prototype of all connective tissue. It is a loosely
organized, fibroelastic material encountered in nearly every histological
section of the body. Collagen fibers are the most prominent. Elastic
fibers eend to form a continuous network but are often difficult to see.
Regions of ground substance are present wherein no structure is evident.
The losse, open structure pexmits rapid diffusion and even allows cell
movement through the tissue. This is very Immortant in wound healing.
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Connective tissue is vascular. Capiliaries are generally present, es-
pecially near the basement membranes.

. The most common cell (Figusme 6) is the fibroblast - the second most
" common cell in connective tissue is the macrophage (alsc called monocyte
or histiocyte). The macrophage is nearly as abundant as fibroblasts and
can exist as a fixed or a mobile cell. Immobile macrophages look very

- similar to fibroblasts. When an immobile macrophage is stimulated, it
can become detached and is then free to wander. Wandering macrophages

. may vary in size and shape. Their major role is to ingest unneeded par-
ticulate matter by phagocytosis, which distinguishes them from Fibroblasts.
Macrophages are scavengers for extravescular blood, dead cell, bacteria,
and foreign bodies. The ingested material is attached and destroyad,
where possible. If confronted with an objec: too large to be ingested,
- wany macrophages (up to 80-60) may actually coalesced to form a multi-
nucleated cell, often cailed a foreign body grant cell.

Fat or adipose cells (Figurs 6) are oftdh_piggént. These are largqfﬁ'-'
- spherical cells consisting of a large vacuole of fetty material surrounded .
by a thin film of cytoplasm. Its primary fuaction ‘is storage of food. !

; Mast cells (Pigure 6) are also widely di;tfiﬁﬁtgd in connective .
‘tissue. They tend tc concentrate near small blpod:vessels. Thelr exact: |

role is unknown, though they do produce heparin and other micopolysacchai-
ides, serotonin, and histamine - these compounds: ate important in inflam-
patory reactions and wound healing. §ag - Hy

A number of other cell types are present inirglatively low numbers. ;
These are generally leucocyte (white cell)-related (Figure 7). Neutzophils'
can pass between the epithelial cells of the capillzry walls to phagocytize
excravascular bacteria and other foreign material,; Eosinophils are &S0
present in ccanective tissue and are apparen:iy involved in the ingsstion
and destcuction of foreign matter. L T ol

Lymphocytes are $ormed in the lyuph nodes and are found in small
ampunts in blood. Lymphocytes are small, f£ree cells in connective tissue, |
usually 7 - 8 microns in diameter. They tend to concentrate near inflamed *
areas. -

A relatively uncommon commective tissue cell ic the plasma cell, ;
though it is found in large mumbers in areas of inflammation, usually with-
lymphocytes. Plasma cells may just be mature lymphocytes. These cells
are probably involved in iranmologic processes.

If fat cells are the principle cell type,-the tissue is called adipose
or fat tissue.

, Ordinary comnective tissue can also exist in a denser form, wherein
the fibers are somewhat closely packed. Dense connective tissue has

fewer cells and more fibers than the loose type. If the fibers are highly
uniaxial and the morphology is quite regular, the tissue is dense regular
connective tissue. Examples are tendons and ligaments. Dense irregular
cornective tissue is found in organ capsules, bone sheaths, the dermis of
the skin, and other areas. The irregular tissue is ususlly biaxially orien-
ted and thus sheetlike in nature. '

3.' Muscle Tissue

Miscle tissue is specialized for producing movement. Muscle cells
_have a contractile character and are very long and thin; muscle cells are
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often called muscle fiber. The muscle cells (fibers) are arranged in
bundles, which are bound to each other by connective tissue. The con-

nective tissue also provides the blood vessels which provide the high

food and oxygen requirements of the muscle.

Muscle tissue can be divdded into three types, based on their struc-

‘turzal and functional characteristics:

Smooth muscle contains no stripes or strlatzdns. “It is an involun-

‘tazy muscle, meaning it is not under the organism's conscious voluntary

‘control. Smooth muscle forms tne contractile portion of the wall of the
algeative tract. It is elso found in vessels, in the dermis, and in
any other areas. The cell (fiber) length may vary from 20 to 500 microns;

';200 x 6 microns is common for the intestinal tract and large blood vessels.
_“Smooth muscle cells in many wegions are closely associated with connective
‘tissue. It is often difficult to distinguish between smooth muscle and

connective tissue.

Striated Muscle is what we normally call muacle - the meat of ani-.

'+ gals.” it 1s a richly vascular tissue. Each individual muscle cell is

‘jong, cylindrical, and multi-nucleated - about 35 nuclei per millimeter

;_‘;of cell (fiber) length. The cytoplasm contains: alternatiug dark and
+.'light bands or striations, hence the name stz iaLea muscle. The cytos e
-‘plasn of the muscle cell contains myofibrils, uﬁich ‘are bundles of fine &
. ’filaments. It is banding in these fibers that’ glve ‘striated muscle its '
. listriated appearance. The multi-nucleated cells (fibers) of striated
.. mascle is in contrast to smooth muscles, where tho ‘cells have only one

- nucleus. The generasl structure of striated skeletal muscle is given in f-
“Figures 8 and 9. The cells (fibers) ave packed" into bundles, wkich are-

"stna snatomical structural unit of ékeletal muscle (the fascicles). The'
“individual cells or fibers, the fascicles (muscle cell bundles), and the '
- entire muscle are enveloped in connective tissue ‘shepths celled endo-

. mysium, per1m/sium, and e¢pimysium, reSpectively
. the perimysium end epimysium; the endomysium is:inv

isible. The comnec- . -
tive tissue serves to bind the imiscle fibers and bundles (fascicles) :

'.jtogether and to provide the rich vascular supply of?the rmuscle. Each .,
‘muscle cell is surrounded by fine capillaries which 'are readily accomo-

dated to changes in length due to muscle contractions and expansion.

' The mors connective tissuec botween the Fibers, genorally the tougher

thenneat. leet.mignon, for example, has very ‘little connective tissue,@J

The muscle fibers may vary from 10 to greater than 100 microns in

;d%ameter. They may run the entire length of the muscle or may terminate '
in connective tissue somewhere within the muscle.: '

At the ends of the muscle, the connective tissue surrounding each

mmuscle fiber blends into the connactive tissue of the tendon, whose

connective tissue in turn blends into the collagen fibers of bone. There
are no sharp interfaces at the bone-tendon-muscle junctions. It is con-

. tinuous. The muscle fibers fit like fingers in az glove of connective
tissue:

Connective
Tissus

Muscle Fiber
3&

; S Connective

4 Tissue
Si:eaths

gure 8 clearly show§{ : o
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Car Cardiac (heart) muscle is a specialized type of striated muscle.
Unlike skeletal muscle, it is involuntary. The cardiac muscle fibers
are composed of separate cells joined end-to-end at special junctions
called intercalated disks, which are transverse to the longitutinal axis
of the Fiber. The fibers are not simple cylinders, but branch and con-
nect to form a 3-D network. The disks nay be continuous across the
entire fiber, but more often it is divided into offset segments. The
myofilaments are probably identical to those in skeletal muscle - they
do not cross the intercalated discs. Specialized cardiac muscle exists
in the electrical conducting systems of the heart - the nodes and
Purkinje fibers. Conmective tissue is not prominent in cardiac muscle.
it doos extend between all fibers, binding them together and forming a
find capillary network.

4. Specialized Connective Tissue - Cartilage

A. Introduction. Cartilage and bone are the high stremgth tissues
of the body whose major functions are support and bearing. Both have
high fiber (collagen) contents jn the intercellular substance. Cartilage
zlso contains sufficient sulfated micopolysaccharides to produce & firm
rusber-like intercellula? substance. Thus the surface of cartilage can
take a high polish and has excellent lubricity. Nature uses cartilags
2s the wear end lubrication surface of articulating (moveable) joints.
It provides an interface of low friction. Only in a few areas such as
joints, however, does cartilage remain as cartilage. More generally
cartilage is the precursor to bone. Cartilage generally tends to cel-
cify or mineralize, thus serving as a model for the formation of bone.

B. Hyaline Cartilage. There are 3 major types of cartilage:
Hyaline, elastic, and fiber. We will discuss only the hyaline type.

ilyaline is the most commmon type of cartilage, forming joint linings
and being the mejor cartilage type in the nose, trachea, etc. The fetal
skeieton is largely hyaline cartilage, which is later repiaced by bone.
gevoral siides illustrated the cellularity of hyaline cartilege. It
appoars transiucent and pearl white end glossy-like to the eye. Hyaline
is from the Greek hyalos, meaning glass. Certilage cells are called
chondrocytes, present in spaces in a relatively rigid intercellular
matrix.- che spaces are called lacimee. Hyaline cartilage is surrounded
by a connective tissue mewbrane calied the perichondrium. The outer
part of the perichondrium is densc connective tissue while the inner part
merges into cartilage. The pevichoadriun is thus the transitcon surface
zono. At surfaces where cartilage is interfaces with cartilage, with
bone, and with other connecctive tissue, the perichondrium may not be
present.

Cartilage develops from embryonic cells which differentiate to
become chondroblasts. Mature chondreblasts are chondrocytes. The
chondrocytes can divide and multiply, thus cartilage can grow. Cartilage
can expand from within - this is called interstitial growth, and is
limited to young, mon-rigid cartilage. The perichoadrial fibroblasts
can also multiply and differentiate to chondrobliasts, which then surround
thenmselves with an intercelluiar substance. Thus a new cartilage layer
is formed directly under the perichondrium. This type of growth is from
the surface out - and is called appositional growth.

More on cartilage later when we discuss bone.
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Figure~T#=#= Cross section through human sartorius muscle, showing the lubdwumn into bundles of various sizes by
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conncclive tissue. X 4. (Photograph by Miiller, from Heidenhain.)
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