HISTOLOGY/TISSUES

Histology is the study of tissues. A tissue is a group of similar physically linked cells organized into a
s@ctural and functional unit. It is a group of cells of similar structure organized for carrying out a
pgticular function(s).

CBaracteristics of tissues
o

>&Cells of a tissue are physically linked.

>§The cells of a tissue may be interspersed with intercellular substances.
»3A tissue may comprise one or more types of cells.

>§A tissue is specialized to perform a particular function(s).

=

ARIIMAL TISSUES
E@Iy in development, the cells of the growing embryo differentiate into three fundamental embryonic
tissues called germ layers.

>
- PEctoderm which forms the outer layer of the skin and the nervous system.
« OMesoderm which forms muscles, connective tissues, skeleton, kidneys and circulatory and
reproductive organs.
« vEndoderm which forms the lining of the respiratory tract and urinary bladder. It also forms the glands
asg_ociated with the guts and respiratory tract.

Tge germ layers then differentiate into different cell types and tissues that are characteristic of the
V%:*tebrate’s body. Tissues are joined to each other by proteins. The point of connection between two cells
is= junction.

D
Iré"adult vertebrates, the principle kinds of tissues include; epithelial tissue, connective tissue,

niscular tissue, nervous tissue and reproductive tissue (associated with ovaries and testes; concerned
vv%h production of gametes: eggs and sperm respectively).

-
>
A@'EPITHELIAL TISSUE

TES is a collection of closely packed single and multilayered compound sheets of cells covering the
e*—?prnal and internal surface of the body of an organism. At the bottom epithelial cells rest on a basement
mgmbrane. Epithelial tissue protects the underlying structures from injury. In some situations, the free
s@face of epithelium is highly differentiated may be absorptive, secretory or excretory.

CﬁARACTERISTICS OF EPITHELIAL TISSUE

1.:?Epithelial tissue consists of tightly packed cells that are firmly attached to each other with little
infercellular material between them. Epithelial cells are held firmly together by small amounts of
cgbohydrate cementing substances and by special intercellular junctions between the cells.

2.8The bottom of epithelial cells rest on a basement membrane composed of a network of fibres which
irglude collagen. The portion of epithelial cells attached to the basement membrane is called the basal
surface, the opposite end facing the external environment or the lumen of the body cavity is called the
apical surface/free surface.

3%There are no blood vessels in the epithelial tissues hence the tissue lacks vascularity. As the epithelial
c%ls are not supplied with blood vessels, they rely on diffusion of nutrients and oxygen from lymph
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vessels which run through nearby intercellular spaces. However, nerve endings may occur in the
epithelium.

4 CRegeneration- Epithelial cells have a high regeneration capacity due to rapid cell division. This gives
the epithelial tissue quick recovery after any injury or abrasions.
>

CgASSIFICATION OF EPITHELIAL TISSUES
Efgithelial tissues are classified according to the number of cells/layers and the shape of the individual

C&S.
o
3 IEpiﬂlelial_tissue ]_
s
imple epithelum (one cell compound epithelium (more Gléndl}lar
yer thick) than one cell layer thick) epithelum
—Stratified; Exocrine glands
quamous; =
uboidal; —Transitional; Endocrine glands

Ciliated:
Pseudo stratified

aESIMPLE EPITHELIAL TISSUES

n
They are made up of one layer of cells and Subdivided into the following;
>

1%|MP|_E SQUAMOUS/PAVEMENT EPITHELIUM

It@onsists of a single layer of cells. They are so thin that the nucleus causes a bulge and it is centrally
pl‘ﬁced, with a disc shape. Cells are irregular with tapering edges. Simple squamous epithelium is found
inthe following areas: Renal corpuscles (Bowman’s capsule)of the kidney, lining of the alveoli of the
lungs, lining of the blood vessels where it is referred to as the endothelium, blood capillary walls

agd lining of lymphatic vessels.

Single cell

0 pue sy

Fanctions

19

- Diffusion of materials
[
. gExchange of gases

ABAPTATIONS
i.3Thin flattened cells to reduce the distances across which materials diffuse.

ii.%bossesses smooth lining to allow relatively friction free passage of fluids and materials through the
h@low structures.
n
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2. SIMPLE CUBOIDAL EPITHELIUM

free surface

g bl\. e
s LE
=) nucleus
o
4 cytoplasm
D
o " basement membrane
T@é cells are roughly cube shaped and possess a central spherical nucleus. The upper surface of cuboidal

célls is either pentagonal or hexagonal in outline. It is the least specialized of all the epithelial tissues.

D%TRIBUTION

s

3> Lining of salivary ducts, pancreatic ducts, convoluted tubules and collecting ducts of
% the nephrons of the kidney.

g> Lining of the salivary glands, sweat glands and thyroid glands

§'> Lining of the retina

NB: The simple cuboidal epithelial tissue is non-secretary in the proximal convoluted tubule, distal
cahvoluted tubule and pancreatic ducts.
<

T@é functions include: Protection, excretion, absorption and secretion

APAPTATIONS
i.=Cells are tightly packed together with little intercellular spaces between them to offer protection from
ingtiry and infection.
iin.;Possess many Golgi bodies which perform functions of secretion of hormones and enzymes.
iil.Some possess microvilli which increase the surface area for example reabsorption of materials from
thd renal fluids in the kidney tubules.
iv§CeIIs have numerous mitochondria for energy production to be used in active reabsorption of materials
e.g from renal filtrate back into the bloodstream.

T

>
3.‘§>IMPLE COLUMNAR EPITHELIUM

It% a single layer of column like narrow elongated cells at right angles to the basement membrane. Each
céﬁ possesses a nucleus situated at the basal end and it is oval in shape. The epithelium is often
inférspersed with goblet cells. The free surface of each columnar cell has microvilli forming a brush
barder.
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@TRIBUTION

/§Lining of the stomach, small intestines, gall bladder, and kidney ducts.
\/gl__ining of the gastric glands, intestinal glands, mammary glands, thyroid glands, salivary glands.

T% functions include: Secretion, protection, absorption and brush border increasing surface area by
having microvilli at the cell free surface.

Malavy H. Page 3



ADAPTATIONS

i) Possess fingerlike projections called microvilli which increase the surface area for absorption such as
digested food in the intestines.

iig-’ossess mucus secreting cells which secrete mucus. The mucus protects the gastric walls from
hgjrochloric acid and digestive enzymes (pepsin and Rennin).

iiggMucus from goblet cells also lubricates the passage of food in the intestines.

Q
Il USTRATIION OF SECRETORY COLUMNAR/GLANDULAR EPITHELIUM
Q 5 % :
giandular
o :

.....
......

c
o mucus-secreting
= cell

4.;£'ILIATED EPITHELIUM
Cells of this tissue are usually columnar in shape but bear numerous cilia at their free surfaces. The cells
ar% usually associated with mucus secreting goblet cells.

DESTRIBUTION

\/gLines the oviduct
v'sVentricles of the brain, spinal canal
D

@Respiratory passages (trachea, bronchi and bronchioles).

®
FYNCTIONS

g » Mucus protects lining and lubricates the passage of materials.
o » Cilia set up currents to move materials in a certain direction.

A%APTATIONS

i)—Interspersed with goblet cells which secrete mucus to protect the lining of the gut from enzyme
and acidic action.

ii}:ﬁDossess cilia which set up currents that move materials from one direction to another. iii) Possess

g(%let cells which lubricate the passage. Illustration
Q

—

58PSEUDOSTRATIFIED EPITHELIUM
T&is is a simple epithelium since all cells rest on a basement membrane, but some do not reach the free
surfaces. This gives an appearance of the epithelium to be on different levels and the nuclei at different
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layers. Nevertheless, the epithelium is one layer of cells thick with each cell attached to the basement
membrane.

Mast cells are columnar, thus usually named pseudostratified columnar epithelium. Where the cilia
am)ear at the free surface of respiratory passages (trachea, bronchi, bronchioles), it is called pseudo
stg\tlfled columnar ciliated epithelium.

QD
P§&udo stratified epithelium also lines the urinary tract and ducts of large glands (non-ciliated pseudo
stfatified).

Cilia

Basal granule

Nucleus

Supporting cell

AMucus secreting cell

od'auljuoolnW MMM WO

Basement membrane

OMPOUND EPITHELIAL TISSUES

L|1%SI/\ w

1BTRATIFIED EPITHELIA

9/

Hgve more than one layer of cells with only the bottom layer resting on the basement membrane. These
cefls form the germinative layer and continue to divide by mitosis and push other areas outwards. They
arg'primarily found in areas where the epithelium has protective functions.

A§STRATIFIED SQUAMOUS EPITHELIUM

T#e cells first formed on the basement membrane are cuboidal in shape, but as they are pushed outwards
th@free surface of the tissue, they become flattened and these cells are called squamous. It is the thickest
0_| Il epithelia and its function is protection.

T@ cells of the surface layer may have keratin (cornified) or lack keratin (uncornified). Keratin is a
to;tﬁgh protective protein which prevents water loss, is resistant to friction and repels bacteria.

Py . - N . . . -
Non-keratinized stratified squamous epithelium lines wet surfaces subjected to abrasion such as lining of
ti'% mouth, Oesophagus, part of the epiglottis and vagina. Keratinized stratified squamous epithelium
fqgms the epidermis of the skin.

B§STRATIFIED CUBOIDAL EPITHELIUM
Tais epithelium has several layers of epithelial cells but the surface layer of this epithelium is composed
ofscuboidal cells. It is found in the largest ducts of sweat glands, mammary glands, salivary glands and in

p&ts of the male urethra. Its role is protection and provides strength.
o

%STRATIFIED COLUMNAR EPITHELIUM

Bis epithelium has several layers of epithelial cells but the surface layer of this epithelium is composed
offcolumnar cells. It is very rare. It lines parts of the urethra, larger ducts of some glands, portion of the
c%ﬁjunctiva of the eye. Its roles are protection and absorption.
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RANSITIONAL EPITHELIUM
Ths is a modified form of stratified epithelium. It comprises 3 to 4 layers of cells all of similar size and
st@pe except at the free surface where they are more flattened. The cells do not slough off/flake off.

]

(@)
1t3s found in organs/structures which can expand like the bladder, girdles of women where they come

bagk to normal after delivery, ureters and part of urethra. It allows for distension of the urinary organ.
)

B'gcause the shape of the cells at the surface is transitory (changes depending on the degree of stretching
o&distending of the organ), this epithelium is called transitional. It will look like a stratified squamous
e@thelium if it is stretched or stratified cuboidal epithelium if it is unstretched.

AEAPTATIONS OF THE TRANSITIONAL EPITHELIUM TO ITS FUNCTION

i)PBy changing its shape, the transitional epithelium allows expansion of the organ such as the urinary
b%dder. This increases the volume of the organ.

ii)%_l’ransitional epithelium is composed of many layers of cells making it impermeable to water from
bfood to urine.

iiéhDue to its thickness, it prevents urine from escaping to the surrounding tissues.

ggGLANDULAR EPITHELIUM
)

It3 formed by epithelial cells which are frequently interspersed with secretory cells e.g goblet cells or
aggregates of glandular cells forming multicellular gland. There are two types of glands.

/Exocrine glands where the secretion is delivered to the free surface via ducts.
\/I’_rUf_ndocrine glands- Secretions are released and passed into the bloodstream (ductless glands).

Py
C;I’JLASSIFICATION OF EXOCRINE GLANDS
Basing on the mode of secretion, the exocrine glands are of three types;

@)
Ag\/l EROCRINE GLANDS

S&sretions produced by cells are simply passed through the cell membrane at the cell free surface without
IQ%ing any of its cytoplasm. The cell therefore remains intact. Examples include; goblet cells, pancreatic
gkands, sweat glands.

S[elJajew uoge
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BFAPOCRINE GLANDS

o

Hsre, the glandular epithelia shed their secretion by the top part of the cell loaded with the secretion
bgaking away from the rest of the cell eg mammary glands. The cell loses part of the cytoplasm while
refeasing its secretion.

Igstal part breaks off
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CJ"HOLOCRINE GLANDS

M

¢
Ii$this case, the whole secretory cell disintegrates and the secretions are from the epithelium e.g the
seépaceous glands of the mammalian skin. Secretion is formed by complete breakdown of cell.
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A_hdeplthellum containing goblet cells is called a mucus membrane.

B;a%ing on shape of the secretory glands and nature of ducts.

If3he duct is unbranched, the gland is said to be Simple and if the duct is branched it is said to be

Cgmpound.

Milticellular exocrine glands exist in various forms which include;

AiSlMPLE GLANDS
(@]

s[elialew uolne
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)
1. SE\/IPLE SACCULAR/ALVEOLAR GLAND

Ssurface epithelium 2. Simple tubular gland-
2 s /[
Q non-secretery
8ncck of gland
O secretory
5 part of gland
le saccular gland ¢.g.
é gai:gsegl:nds in the skm.o‘f L
s the frog and other amphibia. Simple tubular gland e.g. crypts of
: Lieberkiihn in the wall of the
3 mammalian small intestine.
c
3. %@\/IPLE COILED TUBULAR GLAND 4
g' SIMPLE
)
@)
3
=
28
SCoi Simple branched tubular gland
i ltub&x et plaud ., e.g. Brunner’s glands in the wall of
EW}ea( glands in the skin the mammalian small intestine and
@of humans gastric glands in the wall of the
g stomach.
%’ BRANCHED TUBULAR GLAND-
S
3
=
D
0
>
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& Simple branched saccular gland
@ . e.g. oil- secreting scbaceous glands
S5&8imple branched saccular gland-  in mammalian skin.
0O
Q

Compound glands

uBi

ompound tubular gland 7.Compound saccular gland

(

sreuarell

Compound saccular gland c.g.

Compound tubular glands ¢.g. the part of thc'pancreas which
calivary elands. secretes digestive enzymes, and
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FUI\E:TIONS OF THE EPITHELIAL TISSUE

u

1. P%)tection;_Epithelial tissue basically protects the underlying tissue from injuries by chemicals, pressure

abraSon and infection.

> S&veral layers of the tough keratin in the surface epithelium (epidermis) forms an effective barrier to all
ag%nts that invade the body.

> I\@Ianin in the deeper layers of the skin prevents deep penetration of harmful ultraviolet rays.

> Ewvaporation of sweat from skin surface cools the body.

> CRiary action of the ciliary epithelium removes harmful substances thus preventing damage to tissues.

2. Segretion; A number of epithelial cells are modified to produce secretions such as mucus, hormones,

enzymes etc.

3. Acg_sorption and Excretion;- The epithelial cells of the kidney tubules and sweat glands remove

excegsive and toxic metabolic wastes from the body thus helping the body in excretion.

Abs@rption; - Cuboidal and columnar epithelia are modified for absorption. Brush boarders —(microvillus)

in the kidney and ileum increase surface area for absorption.

4, Egchange of materials and gases- Squamous epithelium is extremely thin and flattened promoting
exch@nge of materials and gases by diffusion such as the alveoli of the lungs.

5. Sgrsory- epithelia bearing sensory cells and nerve endings are specialized to receive stimuli as in the
skin,‘fﬂining of the tongue and retina of the eye.

6. vement of materials/transport- Epithelia may be modified to aid movement of materials e.g Ciliated
colul_rlt_llnar epithelium lining the inside of the oviduct, ventricles of the brain, spinal canal and respiratory
passages bears numerous cilia at their free surface. These are associated with mucus secreting goblet cells
prodﬁcing fluids in which the cilia beat up rhythmically setting up currents which move materials from one
location to another.

o
7. Rgproduction The epithelial lining of the gonads ie. Germinal epithelium of the ovary and seminiferous
tubufes of the testes undergoes meiosis to produce haploid secondary oocyte and sperm cells

@
B) GONNECTIVE TISSUES

Q
Conggctive tissues are derived from the embryonic mesoderm. Types of connective tissues include;
>

B Areolar tissue

% Dense fibrous tissue

3 Adipose tissue

4> Skeletal tissue-bones and cartilage
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5. Haemopoitic tissue(blood)

)
FUNgTIONS OF CONNECTIVE TISSUES
=]

a) Itginds the various tissues together like the skin with muscles and muscles with bones.

b) It§s a packing tissue forming sheath like bags around the body organs.

c) ATeolar tissue protects the body against wounds and infections.

d) qipose tissue stores fats, and insulates the body against heat loss.

e) annective tissue is the major supportive tissue of the body, composed of bones and cartilage which
proviles the body with a supportive framework.

f) Haemopoitic tissue produces blood.

g) L¥mphatic tissue builds body immunity by producing antibodies.

h) C8nnective tissue separates the body organs, so that they do not interfere with each other’s activities.
i) P%tects blood vessels and organs where they enter or leave organs.

Conﬁbective tissues occur in different forms which are divided into two major classes
@)

. C§nnective tissue proper which is further divided into loose and dense connective tissue.
+ Spgcial connective tissues which include; cartilage, bone and blood. Cartilage and bone form the
skelé&tal tissue.

>

D
LOGSE CONNECTIVE TISSUES
They%include areolar, adipose and recticular connective tissues.

A) AREOLAR CONNECTIVE TISSUE
Thiggs the most abundant type of connective tissue found all over the body beneath the skin, connecting
organs together and filling spaces between adjacent tissues.

@)

Collagen fibres, flexible burt Ground substance in which the various
very strong and non-stretchable, fibres and cells are embedded.

Fibroblast: long flat cell
~~ which produces the
@ collagenand clastic fibres.

Mast cell secretes
an anticoagulant.

—Fat cell which stores far

Elastic fibres form a loose / Macrophage: a large amoeboid cell which

network of stretchable fibres. ingests a wide variety of foreign particles
and is important in defending the body
against disease.

Areaofar connective tissue consists of a gelatinous glycoprotein matrix or ground substance containing two
typegof protein fibres and four types of cells. The protein fibres include;

®
=1) COLLAGEN FIBRES

Thewsare white fibres forming wavy bundles running parallel to each other and are not branched. They are
flexible but inelastic (non-stretchable)

011e9Npa Jay10 pue syY3dvd LSVd o/
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I1) ELASTIC FIBRES
Thegare thin yellow fibres which are highly branched forming a network in the matrix. They are flexible
and éastic. The main function of fibres is to give the areolar tissue its strength and toughness. It also allows
the t§sue to be flexible and elastic.

o
The glls within the matrix include;

A) FEBROBLASTS

Thesg are flattened and spindle like shaped cells containing an oval nucleus. They are generally closely
appl§d to fibres but migrate to the wounded tissue to secrete more fibres in that region that effectively seal
off tRe injured area. The function of fibroblasts is to secrete fibres.

B) I\/%CROPHAGES/HISTOCYTES

Theﬁare large cells capable of amoeboid movement for which reason; they are referred to as amoeboid
cells%?l’heir function is to engulf/ingest bacteria and other foreign particles. They are generally mobile but at
times they wonder to areas of bacterial invasion. Therefore, they serve to defend the body against diseases.

(@]
C) MAST CELLS
Theyare amoeboid cells which are oval shaped and contain granular cytoplasm. They are found in
aburfance close to blood vessels. They have the following functions

v Satretion of the matrix.
v S@retion of an anticoagulant, heparin.
v" TRRY secrete histamine, a substance attributed to the effects of allergy.

d) £ cells
(@]

TEey are mainly filled by lipid droplets. The cytoplasm and nucleus of a fat cell are confined to the
nmirgins of the periphery.
@

olar connective tissue is found in the skin and in most internal organs of vertebrates where it allows
thg)| organs to expand. It also forms the protective covering of muscles, blood vessels and verves.

E FUNCTIONS OF THE AREOLAR CONNECTIVE TISSUE
v

B%ds tissues and organs together to avoid stress and displacement.
Sg’rves as a packing tissue filling spaces between adjacent tissues.
Prvides transport for nutrients and metabolic waste.

Maintains an adequate degree of hydration around cells.

P@vides protection against wounds and infections.

SANESI I .

(9%
B) A:dipose tissue
Q
It is &type of connective tissue with reduced matrix material and contains enlarged fat cells that are

num&rous in number. Adipose tissue functions to store energy, insulate the body and provides shock
absogption to delicate mammalian organs e.g the kidney. It also occurs beneath the skin, the lungs, ears,
eyelfs, penis and nervous system are devoid of fats. Adipose tissue occurs in two forms i.e the white and
brovih adipose tissue.
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Functions

wj

> %e adipose tissue acts as a shock absorber by providing a cushioning effect to body parts.

> Ects as a form in which energy is stored in the body.

> A:cts as an agent of thermal regulation(temperature regulation) by insulating the body against heat loss
tg_rough the skin.

REC§'ICULAR CONNECTIVE TISSUE
It coRtains an abundance of recticular fibres. It provides a supporting framework for organs such as those of
the I§”nph nodes, spleen and the liver.

=
C) DENSE (FIBROUS) CONNECTIVE TISSUE (DCT)

[
DCTcontains tightly packed collagen fibres making it stronger than the lose connective tissue. It consists of
two Bypes, regular and irregular.

>

The gollagen fibres in the dense regular connective tissue are oriented in one direction to provide strength in
that grection. It is found in tendons and ligaments. Tendons connect muscles to bones, ligaments connect
bonexo bone

Irregbﬂar dense connective tissue contains collagen fibres oriented in many different directions. It is found in
deepgayers of the skin and the tough capsules that surround many of the organs e.g the kidney, adrenal
glangs, nerves, bones and covering of the muscles as epimysium and periosteum covering bones. It provides
supp%rt and strength.

REC}%ICULAR CONNECTIVE TISSUE
It cofftains an abundance of recticular fibres. It provides a supporting framework for organs such as those of
the Igmph nodes, spleen and the liver.

@)

C) DENSE (FIBROUS) CONNECTIVE TISSUE (DCT)
U

DC'Igfmontains tightly packed collagen fibres making it stronger than the lose connective tissue. It consists of
two t_gpes, regular and irregular.

>
The 8dllagen fibres in the dense regular connective tissue are oriented in one direction to provide strength in
that mrectlon It is found in tendons and ligaments. Tendons connect muscles to bones, ligaments connect
bonegmto bone.

Irreg@"lar dense connective tissue contains collagen fibres oriented in many different directions. It is found in
deepFayers of the skin and the tough capsules that surround many of the organs e.g the kidney, adrenal
glan% nerves, bones and covering of the muscles as epimysium and periosteum covering bones. It provides
suppurt and strength.

Ss[elialew uoleoan
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SPECIAL CONNECTIVE TISSUES

umoq

D) S%ELETAL TISSUES
Rgponsible for supporting the body and providing it with a rigid frame work.They consist of cells which are
erabedded in an organic matrix.

o
1) CARTILAGE/GRISTLE
=

Thisés a connective tissue consisting of cells embedded in a matrix called Chondrin. The matrix is deposited
by célls called chondroblasts and possess many fine fibres mostly collagen. Eventually, the chondroblasts
beccfoEe enclosed in spaces called lacunae. In this state, they are termed as chondrocytes.

The %argin of a piece of cartilage is enclosed by a dense layer of cells and fibrils called perichondrium in
whic"'(g' new chondroblasts are produced and constantly added to the internal matrix of the cartilage.

colléeu fibres = - Perichondrium
< : .;, = — ~_—— Fibroblast: Secrets
zhondroblast; B = 2 = collagen fibres

give rise to Y '
ghondrocyte

Chondrocyte: secretes matrix chondrin

matrix
acuna

Cartgage is highly adapted to resist any strains that are placed on it. The matrix of cartilage is compressible and
elastig. The collagen fibres resist any tensions which may be imposed on the tissue.
>

w 10} allsqgo

The t_i‘qlrtilage in adults is restricted to the articular (joints) surfaces of bones that form freely moveable joints
and ;c;ther specific locations e.g the nose, pinna, intervertebral discs, larynx, etc.

TYPES OF CARTILAGE
py)

Ther‘é are three types of cartilage each with the organic components of the matrix quite distinct. They include;
hyal®e cartilage, yellow elastic cartilage and white fibrous cartilage.

o
1) HFALINE CARTILAGE
®

It is @e simplest form of cartilage which is elastic and compressible. It mainly comprises a semitransparent
matrgx and chondrocytes. It frequently contains fine collagen fibrils. It has no processes extending from the
lacuffae into the matrix and neither are there blood vessels. Therefore, exchange of materials between the
chorfdroblasts and the matrix is by diffusion.

Itis %cated in the ends of the bones, in the nose and the wall of the trachea and bronchi. It also forms the

embBonic skeleton in many vertebrates.
Q

(2]
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1) YELLOW ELASTIC CARTILAGE
)

It hasa semi opaque matrix containing a network of yellow elastic fibres. The fibres confer greater elasticity
thangound in the hyaline cartilage. Due to high elasticity and flexibility, the tissue quickly returns to its shape
after®listortion.

D
It is fcated in the external ear, in the epiglottis and cartilages of the pharynx

e
1) WHITE FIBROUS CARTILAGE

3
In adglition to chondrocytes in the matrix, there are large bundles of densely packed collagen fibres. This gives

the tigsue a greater tensile strength than hyaline cartilage as well as a small degree of flexibility.

[
It is ®cated in the discs between adjacent vertebrae which provide a cushioning effect and the ligamentous
caps@es surrounding the joints.

ou

2) B%NE

Thisj_s very abundant providing support, protection and some metabolic functions. The bone has an organic
matrIX containing collagen fibres, and is impregnated with small needle shaped crystals of calcium phosphate in
fornmof hydroxyapatite which is brittle but rigid giving bone great strength. Calcium carbonate is also contained
withgn the matrix.

(o3

A bdfe is a dynamic living tissue that is constantly reconstructed through the life of an individual by bone cells
callef osteoblasts. Osteoblasts secrete the matrix in which calcium phosphate is later deposited. After calcium
phosBhate has been deposited, the osteoblasts become less active and are now called osteocytes and are
ene@zed in spaces called lacunae.

Anofher type of bone cells called osteoclasts exist in the matrix which play a role in dissolving the bone matrix
to enble further reconstruction of a bone during growth. A bone is constructed in thin concentric layers called

Iaméﬁae which are drawn around narrow channels called haversian canals that run parallel to the bone length.
T
Havégsian canals contain nerve fibres and blood vessels which keep the osteocytes alive. The concentric

Iame_;laae and the encircled canal are termed as the Haversian system/osteon.

(72}
The dacunae have very many fine channels called canaliculi containing cytoplasm which link up with the

> . . .
centeal haversian canal, with other or press from one lamella to another. An artery and a vein run through the
haveisian canal and capillaries branch from here through the canaliculi. A haversian canal also contains lymph
vessas and nerve fibres. Covering the bone is a layer of dense connective tissue called periosteum. The inner
regi@Qv] of the periosteum has blood vessels and contains cells that can develop into osteoblasts and osteoclasts.

c
Bongp act as a store for calcium and phosphate. These minerals may be released in blood when needed under
the ¢gntrol of hormones Parathormone and Calcitonin. Parathormone stimulates increase in calcium and
decréase phosphate levels. While calcitonin stimulates the decrease in calcium ion concentrations in blood.

Tyg% of bone

Ther%are two types of bone i.e compact/dense bone and spongy bone

Malavy H. Page 14



1.COMPACT BONE/DENSE BONE
)

Theéare mainly part of long bones and form the long shape of the bone between two swollen ends. The matrix
of c@npact bones is composed of collagen and calcium phosphate, with large quantities of magnesium, sodium,
carbghate, nitrate ions. The combination of organic with inorganic materials produces a structure of great
strerf§th. The lamellae are laid down in a manner that is suited to the force acting upon the bone and the load
that gas to be carried.

Traxgsverse section of compact bone Longitudinal section of compact bone
S SWZ =S Haversian 77
Ve D N87207 77N S 7N AN Y7
A R = A IS\ NIZZIN, > bone lamellac
® _ VLN ZERN 1\ \\\\1/ -
bone lamellae C—‘ X O..-——— m‘:;l
lacunae Y \
: . <7, ’N\V(/W\Gp. / >|acunae

Z.SPENGY/CANCELLOUS BONE

q

Spo T y bone occurs within longer bones and is always surrounded by compact bone. Spongy bone consists of
thin Bars or sheets of bone called trabeculae, interspersed with large spaces occupied by the bone marrow.

-

The Babeculae contain osteocytes which are more or less irregularly dispersed in the matrix. The matrix
contgins rather a smaller proportion of inorganic material than does the matrix of the compact bone. The
trabegulae develop along the lines of stress within the bone.

>

The gﬂ)aces within the spongy bone at the head (epiphysis) of the long bones contain red bone marrow tissue.
Thiswery soft tissue is less dense than the bone, and is the site of red blood cell formation. Yellow marrow
tissugy consisting principally of fat fills the spaces within the spongy bone of the shaft.

m

Lon@udinal section through a Long bone
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O s > THE DEVELOPMENT OF BONE (OSSIFICATION)

i / Cartilage

Ossification is the process of formation and
development of bone. A bone originates in
two ways; intramembranous ossification, Osteonal and

i - o (cancelious) — andochondral ossification.

Sphysis 4

—

INW MMM WO} Papeofumog

a) Intramembranous ossification

The thin bony plates of the skull and parts of
some other bones e.g clavicles are formed

A Compact (hard) A . . .

bone - directly by clusters of ossification which

°oo

SO —_—
taphy 5157 ‘ Marrow cavity

b) Endochondral/Intra-cartilaginous ossification

\ Endochondral ossification is the process of replacement of
Periosteum .

cartilage by bone.

c) Osteonal ossification. Bone is laid down on walls or spaces

of existing bone leading to formation of harversian bone.

Occurs in case of repair of broken bone structure.

piphysis Cariilage

JOW 10} 9}ISUAM 3Y} }ISIA Wod'dU

AD/%’TATIONS OF BONE TO ITS FUNCTION

a) Aﬁough fibrous layer of dense connective tissue called periosteum provides a tough and hard covering that
surrodnds the bone and protects the inner cells.

b) Bﬁwdles of collagen fibres from the periosteum penetrate the bone giving more mechanical strength,
prov,'iﬁing an intimate connection between the underlying bone and the periosteum and acting as a firm base for
inseffon of tendons, which contribute to movement and locomotion.

c) Ogeoblasts are arranged in concentric rings around a series of haversian canals in compact bone thus lay
dowrethe matrix in a similar rigid and dense regular pattern to provide uniform mechanical strength.

d) B§ne lamellae contain numerous lacunae containing living bone cells called osteoblasts which secrete the
matrgx of the bone.

e) MRture less active osteoblasts called osteocytes can be reactivated quickly regaining the structure of active
oste@blasts and depositing bone matrix, when structural changes in bone are required.

f) B8ne cells are embedded in a firm bone matrix which is rendered hard by deposition of calcium salts and
otheBinorganic ions.

g) Bane cells called osteoclasts responsible for dissolving of the matrix as it is laid down enable reconstruction
and %modeling of the bone during endochondral ossification.

h) Ag-artery, a vein and a lymph vessel pass through a haversian canal of a compact bone allowing the passage
of nétrients, respiratory gases and metabolic wastes towards and away from the bone cells.
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i) Each lacuna has fine cytoplasmic extensions called canaliculi which pass through lamellae and make
conrigctions with other lacunae and with the central haversian canal, allowing communication between the
lacue in different lamellae, and with the central haversian canal.

j) Pr@sence of numerous nerve fibres in the haversian canal allows co-ordination of bone reconstruction
enabiing each bone to adapt its structure to meet any change in mechanical requirement of an animal during its
devetopment.

K) Béhne releases calcium and phosphate into the bloodstream as required by the body under the control of the
hornbnes parathormone and calcitonin.

)) Séongy bone has spaces between the trabeculae, reducing the weight of the bone, allowing less restricted
move&ment and locomotion.

D%ferences between compact and spongy bones
Spangy bone Compact bone
1. l;’ack haversian system Has numerous haversian system
2. Kas spaces within its matrix which are filled with | Its matrix is dense and completely solid.
red bone marrow.

3. Ifhas a loose matrix Its matrix is hard.

4. Mainly occurs in embryos growing organisms Its mainly occurs in the shafts of long bones eg
and epiphysis of long bones. femur and humerus etc.

5. Manufactures red blood cells and white blood Store fats within its marrow cavity(yellow marrow

@&lls from its matrix.

S[elialew uoieoNpa J1aylo pue sy3dvd LSVd 240w 10} 311Sq
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DIFFERENCES BETWEEN A CARTILAGE AND BONE

Cartilage

Bone

1. No process extended from each lacuna into the
matrix.

Lacuna possesses canaliculi that extend into the
matrix.

2. No blood vessels and nerves in the tissue.

Blood vessels and nerves run through the
haversian canal.

3. Exchange of material between chondrocytes
occurs by diffusion.

Osteoblasts exchange materials by help of blood
capillaries passing through the canaliculi into
the lacunae.

4. Elastic and compressible

Relatively incompressible as the matrix is
highly composed of minerals e.g calcium ions,
magnesium ions.

5. Matrix is relatively semi-transparent with
hyaline cartilage and semi opaque in yellow
elastic cartilage.

Matrix is opaque

6. The matrix is not calcified.

Matrix is calcified with greater quantities of
Mg?*, Na*, Ca®* etc.

UL ITSTA WOJ gUTuOU T MWW tUU L] DI PJE D TUVO(

7. No concentric layers of lamellae and no
haversian canals present.

Consist of concentric layers of lamellae
surrounding the haversian canal.

8. Rather inactive.

An active tissue with metabolic activity.

IISOoMm

9. Matrix secreting cells are called
chondroblasts.

Matrix secreting cells are called osteoblasts.

10.1t is differentiated into hyaline, white fibrous
and yellow elastic cartilage.

It is structurally differentiated into compact and
spongy bones

11.1t is flexible due to relatively soft and flexible
matrix called chondrin.

It is rigid due to solid matrix called osteon.

12.1t is less strong.

It is stronger.

13.Chondroblasts are randomly scattered in the
matrix and occur in singles, pairs or fours.

Osteoblasts are in concentric layers around the
haversian canal.

14.1t is mostly found in areas where cushioning is
required.

It is located in areas where maximum support is
needed.

O puersgdadvd 1SV dolotuio}

D) NJUSCLE TISSUE
Therg are three types of muscular tissue which include: voluntary muscle, involuntary muscle and cardiac

musgte.

O
BASIC STRUCTURE OF A MUSCULAR TISSUE
a) A8 muscle fibres are made up of elongated and thin cells called muscle cells or muscle fibres.

b) The muscle fibres contain a specialized cytoplasm called sarcoplasm that contains a network of membranes
calleg sarcoplasmic reticulum.
c) I\@scle fibres may be bound by a cell membrane called sarcolemma.
d) Edth muscle may contain numerous thin myofibrils.

Malavy H.
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e) They also possess sarcosomes (mitochondria).
wj

1). \@LUNTARY/ SKELETAL /STRIATED OR STRIPED MUSCLE
>

It is@aid to be striated because its muscle cells have transverse stripes when viewed in longitudinal section.
o

DistBbution of skeletal muscles

Itis @und attached to the skeleton in the head, trunk and limbs hence the name skeletal muscle.

S‘ERUCTURE OF A SKELETAL MUSCLE
Skelstal muscle is composed of bundles of muscle fibres each surrounded by a connective tissue, endomysium.
EachoundIe of muscle fibres is surrounded by perimysium, a connective tissue, the various bundles are
surr(gmded by an epimysium, a connective tissue sheath.

The Q«eletal muscle is attached to a bone in at least two places namely; the origin, a fixed non-moveable part of
the sﬁeleton and the insertion, a moveable part of the skeleton.

(@]
Attagwment is by a means of tough relatively inelastic tendons made up of almost entirely collagen fibres. At
one end, the tendon is continuous with the outer covering of the muscle while the other end is of the tendon

comBgines with the outer layer of the bone called periosteum and forms a very firm attachment.

HISELOGY OF A STRIATED MUSCLE (SKELETAL MUSCLE)

The ﬁfluscle is made up of many hundreds of long muscle cells called muscle fibres. Each muscle fibre is filled
Wlthta cytoplasm called sarcoplasm in which about 100 nuclei are spaced out evenly just beneath the bounding
membrane called sarcolemma.

In tk@ sarcoplasm, there are many thin myofibrils which possess characteristic cross striations. The myofibrils
line m) perpendicular with the cross striations next to each other. The myofibrils are composed of protein
filan;;bents called actm and myosm

Q

2 sarcoplasm
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FINE STRUCTURE OF A STRIATED MUSCLE

Eaclgnyofibril is divided into light and dark bands. The dark band has a comparatively light region in the
midtﬂe called H- zone, and it has darker regions on either sides. In the middle of the H- zone is a dark line
calleg'the M- line.

Runril'_ng through the light bands in the middle is the Z- line. The dark and light bands are called A and | bands
respestively. I means isotropic, as it allows light to pass through and so appears lighter. A means anisotropic as
it do% not allow light to pass through, so it appears darker.

The Eegion of a myofibril between two Z-lines is called a sarcomere and is described as the basic functional
unit &f a myofibril. Alternating light and dark bands are due to two types of protein filaments which run
Ionggudinally. These are the thin actin and thick myosin protein filaments. The thick myosin filaments are
confged to the dark band and the thin actin protein filaments occur in the light band but extend in between the
thickmyosin filaments within the dark band.

The aarker segments on either side of the H- zone are due to both thick myosin and thin actin filaments

overdapping. The H-zone consists only thick myosin protein filaments. The thin actin filaments alone are found
in thg light band.

Fine structure of skeletal muscle

I*Sarcomere S— ~ime
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Q"}(A—band) (I-band)
Wittgn each muscle fibre, there is an internal membrane system, the sarcoplasmic reticulum surrounding the

myoﬁbrlls The sarcoplasmic reticulum includes a system of transverse tubules (the T- system) which run into
the muscle fibre from the sarcolemma at positions corresponding to the Z- lines.

Con@cted with the T- system are vesicles containing calcium ions in high concentration. Ca?*helps in
hydrglysis of ATP. After muscle contraction, calcium ions are actively removed into the longitudinal tubules
theréBy lowering the concentration to a level below that at which ATP hydrolysis can occur.

s[eliarew u
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DIAGRAM OF A MYOFIBRIL TO SHOW THE TRANSVERSE AND LONGITUDINAL TUBULES OF THE SARCOPLASMIC
RETEULUM
=

sarcolemma

There are four blood capillaries surrounding each muscle
transverse tubule fibre. Each branch of the axon
vesicle terminates at a plate like structure called neuromuscular
junction. The motor end plate forms the neurone-to-
muscle synapse, the connection between the motor neurone
longimadinal tubule  and the muscle fibre.

sarcoplasm

All the muscles served by the same motor neurone are
called motor unit because they work as a unit contracting
and relaxing at the same time. The motor unit is the basic
functional unit of a skeletal muscle.
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ADABTATION OF SKELETAL MUSCLE TISSUE FOR ITS FUNCTION/RELATIONSHIP BETWEEN STRUCTURE AND
FUNCTION OF A STRIATED MUSCLE
>I§consists of elongated fibres, allowing considerable contractile length.
> 18 fibres are parallel to give it maximum contractile effect and to allow each fibre to be controlled
i@ividually which gives ability to vary the length of the whole muscle contraction necessary for proper
GQ'ntroI of skeletal movement.
> The ends of the muscle fibre are tapered and interwoven with each other to provide adequate mechanical
s%ength during muscle contraction.
> I% cells contain a large number of mitochondria to provide large amounts of ATP for muscle contraction.
>Iﬁ their arrangements, the actin and myosin filaments fit into each other to allow them slide over each other
tg cause contraction.
> Fhe cells have a rich blood supply to provide adequate supply of oxygen and nutrients.
>

>Fhe muscle cells have myoglobin to store oxygen and release it for respiration when blood oxygen levels
e low.

>Has a specialized region called the motor end plate where the axon of a motor neurone divides and forms

fhe non myelinated branches (dendrites) ending in synaptic knobs running in shallow troughs on the

sarcolemma allowing nervous stimulation and control of the muscle.

>'§1e sarcolemma folds inwards and forms a system of tubes called the T- system (transverse tubules) which
mjfn parallel through the sarcoplasm to the Z- lines allowing a nerve impulse arriving along a motor neurone
abthe neuromuscular junction at the surface of a muscle fibre to be propagated as a wave of depolarization
(é’ction potential) through the T- system causing release of calcium ions of the sarcoplasmic reticulum to
activate the process of muscle contraction.
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> The specialized endoplasmic reticulum of the muscle fibre called the sarcoplasmic reticulum forms the
\@gsicles at the Z- line of the sarcomeres which contain calcium ions used to activate the process of muscle
@ntraction.
> ADility to generate ATP using phosphocreatine during anaerobic conditions for a constant supply of ATP in
muscle.

> Ability to respire anaerobically for continued muscle contraction in anaerobic conditions.

2.VI§CERAL/I NVOLUNTARY/UNSTRIATED/UNSTRIPED/SMOOTH MUSCLE

=
v ItZonsists of muscle cells called muscle fibres which are spindle shaped and tapering at both ends and
unintcleated.

v The nucleus is single, elongated in shape, centrally placed and surrounded by little sarcoplasm.

v TBe muscle fibres lack a sarcolemma.

v Eakh muscle fibre consists of numerous inconspicuous, fine contractile myofibrils arranged longitudinally.
v Tﬁe actin and myosin filaments are evenly distributed hence there are no striations or light and dark bands.
v" SRooth muscle fibres are shorter than striated muscle fibres.

v’ Has sarcoplasmic reticulum but less extensive than in striated muscle.

v Hﬁs rings of smooth muscle fibres called sphincter muscle fibres for example; pyloric, cardiac and anal
sphimcters.

v Hgs prominent mitochondria but less numerous than in striated muscle.

=
Sn@oth muscle
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|NNI§E¥VATIONS AND ACTIVITY OF THE SMOOTH MUSCLE
-]

. S@rooth muscle is involuntary in action, so cannot be moved by ones will.
« IrfBervated by two sets of nerves from the autonomic nervous system (sympathetic and parasympathetic).

. Smooth muscle fibres undergo prolonged and slow, sustained rhythmical contractions and relaxations as in
peri%alsis, hence fatigues slowly.

O
The gmooth muscle is located in the tracts of the intestines, genitals, urinary and respiratory systems and the
wall&of blood vessels

FUNETIONS OF THE SMOOTH MUSCLE

1)
i. TE;e anal sphincter controls the elimination of feaces from the body.

(7]
ii. The pyloric sphincter controls passage of food from the stomach to the duodenum.
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iii. Small sphincter muscle surrounds some blood vessels to control the distribution of blood and regulation of
bloogpressure.
iv. C§ntro| movement of materials with the body visceral organs.

3.CARDIAC MUSCLE

@D
It is Bund only in the heart.

(@]
THESTRUCTURE OF A CARDIAC MUSCLE
s
A cagdiac muscle consists of a network of interconnected cells called cardiac muscle fibres. Each muscle fibre is

shor% cylindrical and branched. Each muscle fibre possesses one large mitochondrion, with one nucleus or two
nuclg, abundant cytoplasm, glycogen granules, well developed T system and poorly developed endoplasmic
reticBlum consisting of a network of tubules.

>

Card%ic muscle fibres are terminally branched and connected to each other by intercalated discs. Actin and
myogjn filaments are regularly arranged to give faint but regular cross striations. Muscle fibres branch and cross
conngct with each other to form a complex netlike arrangement.

Structure of cardiac muscle

2- Cardiac
—_ muscle fibre
=y L —
g intercalated disc
D
O
0 —myofibrils
o
—n
(@]
-
3 ~Striations
(@)
a nucleus
U
>
0)]
|
o bridge
>
e space between
% fibres
wm
QD
5
o

. C%diac muscle is myogenic meaning that the contractions are developed within the muscle.

- Tfe rate of contraction can be influenced by the autonomic nervous system.

- Irerconnections between the fibres (intercalated discs) ensure a rapid and uniform spread of the excitation.
. Héve rhythmic rapid contractions and relaxation with a long refractory period and so do not fatigue as
contgaction is not sustained.

. Nged a constant supply of large amounts of energy.

. A%mall number of cardiac muscle fibres and a few nerve endings form the Sino atrial node (SAN) located
nearghe opening of the vena cava which stimulates heart beat on their own.
7
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ADAPTATIONS OF THE CARDIAC MUSCLE TO ITS FUNCTION
a) Cgfdiac muscle cells are highly branched terminally and connected to each other by intercalated discs to

forrr@ network that allows rapid spread of waves of electrical excitation from cell to cell, so that linked muscle
cellsgapidly contract rhythmically and simultaneously for fast heartbeat.
b) Dénse network of blood capillaries ensures adequate supply of oxygen and food nutrients, for fast production

of a

uate ATP, for continuous rapid muscle contraction and rapid excretion of carbondioxide and other
metaBolic wastes.

c¢) Ngmerous large mitochondria and glycogen granules rapidly provide adequate amounts of energy in form of

ade

résine triphosphate (ATP) by aerobic respiration for rapid contraction without fatigue.

d) Has the Sino atrial node (SAN) which emits waves of electrical excitation that initiate continuous and
rhytlgnic contraction without fatigue, for continuous heartbeat.
e) Hgve striations for mechanical strength to support its fast and continuous contractions.

f) UBdergoes rapid rhythmic contractions and relaxations with long refractory periods and thus does not fatigue
as cagitraction is not sustained.
Q) V\%Il-developed T-system for rapid transmission of impulses thus rapid contraction and relaxation.
h) B%nched muscle fibres offer a large surface area for fast spread of waves of electrical excitation for
contiauous contraction hence continuous heartbeat.

@)

A COZL\-/IPARISON OF VOLUNTARY, INVOLUNTARY AND CARDIAC MUSCLES (SIMILARITIES AND DIFFERENCES)
FRatures Voluntary Involuntary Cardiac
s Striated, striped, skeletal Unstriated, unstriped, smooth Heart
@ecialization Moat Highly specialised Least specialised More specialized than involuntary
@, muscle
Sructure Very long cells, usually called Consists of individual, spindleshaped | Cells terminally branched and
o fibres, subdivided into units called cells, associated in bundles or sheets | connected to each other by special
5 sarcomeres. Fibres bound together interdigitating surface process, the
o by vascular connective tissue intercalated discs. Arrangement of
) fibres is three dimensional.
Nicleus Several in variable positions near Single, elongated in shape and | Several centrally placed
5 periphery of fibre centrally placed
Cytoplasmic Mitochondria in rows in periphery Prominent mitochondria, individual Numerous large mitochondria in
sﬂntents and between fibres, prominent SER | tubules of the SER, glycogen columns between cells, poorly
i) forming network of tubules, Tsystem | granules developed SER consisting of
% well developed, glycogen granules network of tubules, T-system well
2 and some lipid droplets developed.
Sarcolemma Present Absent Present
finervation Under control of the involuntary Under control of autonomic nervous | Myogenic, but rate of contraction
% nervous system via motor nerves system can be influenced by the autonomic
o) from the brain a nervous system
@goss striations | Present absent Present
ftercalated Absent absent present
@Rscs
@cation Attached to the skeleton in the trunk, | In walls of intestinal, genital, urinary | Found only in the walls of the heart
S limbs and head and respiratory tracts, and the walls chambers
3 of blood vessels
o]
@

NERY/OUS TISSUE

It comprises of an intricate network of interconected nerve cells called neurons which are specialized for
conduction of nerve impulses. The neurons are the basic functional units of the nervous system.
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STRUCTURE OF A NEURON

Eactheuron posses a cell body and cytoplasmic extensions (nerve fibers’). Each cell body contains a nucleus
and @undant granular cytoplasm. The cytoplasm also contains prominent conical granules called Nissl’s
grarwiles which are groups of ribosomes and rough endoplasmic reticulum rich in RNA and associated with
prot%n synthesis.

o
From:the cell body extends out two types of cytoplasmic extensions; a Dendron and axon.

3“%\\ /;V&“: dendrites
< -\/“,,(v )’L niss 1's granules
be

- nucleus

e
cell body

- schwann cell

~axon

‘node of ranvier
= myelin sheath
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sy@aptic knob axon terminal
o :
= Nerve cell
S

GENERAL FUNCTIONS OF THE PARTS OF A NEURON

1. C®@ll bodys; this consists of a nucleus surrounded by a mass of cytoplasm. The nucleus controls all activities
of thgneuron.

2. A%n; this is one or more long cytoplasmic extensions running from the cell body. Axons carry impulses
ove@)ng distances in the body. Each axon is filled with cytoplasm called axoplasm.

3. elin sheath; this is a fatty material that covers the axon. The myelin sheath is secreted by cells called
Sch\gann cells. The myelin sheath insulates the axon and speeds up transmission of impulses. It also protects
the axon from any injuries especially which may be as a result of contraction from muscles.

4. Dendrites; these are fine structures on the neuron that link up nerve cells to form a complex network of
comPBunication.

>
5. Sghwann cell; this is a cell which secretes the myelin sheath.
6. NBsl’s granules; these are groups of ribosomes responsible for protein synthesis.

7. Ngde of Ranvier; this is the space on the axon between two adjacent myelin sheaths. It speeds up nervous
tranddnission.

O .. . . . .
8. Cytoplasm; this is a site for chemical reactions in the neuron.
9. Dgndrone; it is a branch through which impulses are transmitted to the body.

POLARITY OF NEURONES
Dep%ding on the number and arrangement of these processes from the cell body, the neurons are said to be
unipolar, pseudo-unipolar, bipolar or multipolar.
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Unipolar:-It is a neuron with the axon as the only large branch from the cell body e.g arthropod motor neuron.

wj
Bipcgar neuron:-It is one where two processes, an axon and a Dendron project from the cell body. Examples of
bipogr neurons are found in the retina of the mammalian eye.

Q : : :
Mulgfpolar neuron:-It is one which has one axon and several dendrons from the cell body. An example is the
motét neuron.

Pse@jounipolar:- It is where the cell body is not found along the axis/end of the axon. Instead, it is connected
by ashort side branch of the axon e.g sensory neuron.
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TYPOES OF NEURONS/NERVE CELLS
+ Sgnhsory/afferent neurons:- These conduct impulses from the receptors to the central nervous system.
. I\/[Etor [efferent neurones:- These conduct impulses from the central nervous system to the effectors.
. Rg'ay/intermediate neurons:- These transmit impulses from the sensory neuron to the motor neurone. They
are ogly found in the central nervous system.
>

DIAFﬁRAM OF A MOTOR NEURON
A
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DIAGRAM OF A SENSORY NEURON

Sensory new'one

terminal cell Y receptor

dendrite 1,( on dinclet de«itdron Nriilis

ES—— s N — TN
myelin sheath node of Ranvier Scisvann cell gicﬂ 5 ?;

M WOJJ papeojumoq

DIA?RAM OF A RELAY NEURON

dendrites

NB:%he process which brings impulses towards the cell body is called a Dendron and the one which conducts
imputses from the cell body is called the axon.
n

Assig'_gment: Compare the structure of a motor neurone and a sensory neurone.

@D

% PLANT TISSUES

(=3
1) MERISTEMATIC TISSUE
It isQ plant tissue consisting of actively dividing cells which give rise to cells that differentiate into new tissues
of th plant.

3
MERISTEM
A m%istem is a group of plant cells which remain with the ability to divide by mitosis producing daughter cells
Whi% grow to form the rest of the plant body.
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o Types of meristems

o

Apic§ meristems:- They are found at the shoot tip and root tip.
Theyztivide continuously by mitosis leading to primary growth of the
plant®ody that is increase in length of the shoot or root.

D
Latefgl meristems (cambium):- These are found in a cylinder
towagls the outside of stems and roots. They are responsible for
secormlary growth and cause an increase in girth.They include the
vascear cambium which gives rise to secondary vascular tissue
incluging secondary xylem and phloem. They also include the cork
camiaum (phelogen) which gives rise to periderm which replaces
the e@dermis and includes the cork.

InterRBalary meristems: - These are found at the nodes in
monagotyledonous plants. They allow an increase in length in
posit@ns other than the tip. Ensures continued growth where tissues
are d%naged such as when eaten by herbivores in grasses.

TVD§.0f plant tissues

PlantZissues are of two categories;
>0

1.Sirdple plant Tissues-Those made up of one type of cell, including
Paremghyma, Collenchyma and Sclerenchyma.

2}
2.Compound plant Tissues-Those made up of more than one cell
type,énclude Vascular tissues which consisit of Xylem and phloem

tissues.

3
o

A)_S?%\/IPLE PLANT TISSUES

Transverse section of a yvoung dicotyledonus root

piliferous layer with root hairs

epiblem

parenchyma (coriex)
endodermis

pericycle

xylem ——J

phloem -—

vascular
tissues

> ] . .
The;ﬂare tissues consisting of one type of cell. They include the parenchyma, collenchyma and sclerenchyma

1) P@?ENCHYMA

It comsists of living cells which are relatively undifferentiated. The cells are either roughly spherical or
elon%ted. The cells have thin cell walls made up of cellulose, pectins and hemicelluloses. The cells also have

Iargcﬁsap vacuoles with dense but peripheral cytoplasm.

>
Parefehyma tissue is located in the cortex, pith and medullary rays of wood. It also serves as a packing tissue in

xylef and phloem

19
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FUNCTIONS OF THE PARENCHYMA TISSUE

a) Agls as a packing tissue i.e cells of the parenchyma fill spaces between other specialized tissues

e.g i§the cortex, pith, between the xylem vessels and phloem.

b) When they are turgid, parenchyma cells become closely packed thus provide support for the organs in which
they@ccur. For example in the leaves and in stems of herbaceous plants.

c) It%s a storage tissue due to possession of starch granules and large food vacuoles. Therefore, the tissue is
abungdant in storage organs eg the Irish potato.

d) 1tRllows transportation of materials through cells by symplast pathway or apoplast pathway.

e) The parenchyma tissue is metabolically active as it is composed of living cells for example some
parefchyma are photosynthetic.

f) G§Jwth of the pericycle in the roots where it retains the meristematic activity producing lateral roots and
cont”butmg to secondary growth.

Q) In::the endodermis, cells are covered by a fatty substance (suberin) that forms the casparian strip that prevents
apop(Tgslst transportation of water through the root thus directing the flow of water into xylem.

h) It'cgontains intercellular air spaces which allow gaseous exchange.

3
<.

RELATIONSHIP BETWEEN STRUCTURE AND FUNCTION OF THE PARENCHYMA TISSUE
Fhe cells are unspecialized to perform a variety of functions.
any intercellular spaces to allow diffusion and exchange of gases.
Thin cellulose cell walls to allow passage of materials for transport.
Hansparent cell walls to allow light penetration for photosynthesis.
The cells are large and contain large vacuoles with a thin layer of cytoplasm to provide storage space for
rRaterials of the plant.
@ave isodiametric, roughly spherical or elongated cells to serve as a packing material between specialized
G&lls.
7. Qells have permeable walls to allow entry of light for photosynthesis.
8. IIs have leucoplasts such as amyloplasts to store food such as starch.
9. C@”S have chloroplasts to allow photosynthesis.

abrwpnE

IS

>
10. r(";1ell walls contain cellulose, pectins and hemicelluloses for support.
11. Phe cells have chromoplasts such as in petals to provide bright colour to attract insects for pollination.

Moc%_fied parenchyma

O. . . . . .
Theginclude; epidermis, mesophyll, endodermis, pericycle, companion cells and transfer cells.
1)

A) ERIDERMIS/EPIDERMAL CELLS
Itis %Iayer of one cell thick that covers the whole primary plant body.

Q.
Fu n%‘lons

gThe basic function is to protect the plant body from desiccation and infection. This is achieved by
&‘secretlng cutin and forms the cuticle that is impervious to water.

2:SpeC|aI|zed epidermal cells (the guard cells) bound/guard the stomata and are important in opening and
oclosing of stomata.
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3.Hair like structures on cuticle (epidermis) serve various purposes for example, root hairs increase on the
SSurface area for absorption of water and mineral salts by the roots.

@Hooked hairs of climbing stems prevent them from slipping off their supports.

&Glandular cells on the cuticle secrete sticky substance that traps and Kills insects and they may also secrete
%cent

621“ he epidermal hairs of leaves reduce water loss from the plant as well as reflecting the sun’s radiations.
gBeing transparent, the epidermis allows passage of light in the mesophyll cells for photosynthesis.

Qn. ?tate the various modifications of the epidermis to serve different functions
s

B) MESOPHYLL CELLS (CHLORENCHYMA)
[

Mesgphyll is a packing tissue located between the upper and lower epidermis of leaves. There are two types of
meseaphyll cells.
>

@

>?galisade mesophyll cells:-They are located in the upper layer called the palisade mesophyll layer. Cells
3 areelongated and columnar in shape. They contain a large number of chloroplasts. The cells are
5' tightly packed with very few and narrow air spaces.

>Spongy mesophyll cells:-They are located in the lower layer called the spongy mesophyll layer. Cells are
2 spherical and irregularly shaped with fewer chloroplasts. They possess large intercellular air spaces
<  between the cells.

ge

The functions of the mesophyll include: photosynthesis, gaseous exchange and Storage of starch.
D

AD/§3TATIONS OF THE MESOPHYLL TO ITS FUNCTION

3
i. P&isade mesophyll cells are column shaped with numerous chloroplasts in a thin layer of cytoplasm to carry
out ppotosynthesis.

ii. P@sade mesophyll cells are tightly packed together forming a continuous layer that traps incoming light.

iii. T% chloroplasts within the mesophyll cells can move towards light allowing them to be in the best positions
to re%ive light.

iv. S&)ngy mesophyll cells are irregularly shaped hence fit together loosely leaving large air spaces to allow
efficient gaseous exchange via the stomata.

v. TRe mesophyll cells contain numerous amyloplasts for storing starch.

C) @DODERMls

Itis tiﬂe innermost layer of the cortex surrounding the vascular tissue of the roots and stems. It consists of living,
elongated and flattened cells. The cell wall of endodermal cells comprises cellulose, pectins, hemicelluloses and
depagits of suberin.

o

FUI\EZTIONS OF THE ENDODERMIS

. A@ts as a selective barrier to movement of water and mineral salts between the cortex and xylem in roots.
. Ir&l—jlcot stems, it stores starch forming a starch sheath with a possible role in the gravity response of stems.
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ADAPTATIONS OF THE ENDODERMIS TO ITS FUNCTIONS
)

1.T§E}a endodermis of roots has the casparian strip (made up of suberin) which is impermeable to water and
pgvents water and solutes from flowing through the air spaces of the cell walls of the endodermal cells
(apoplast pathway). This forces water through the cell surface membrane into the cytoplasm of the
ertlodermal cells, hence allowing the endodermal cells to regulate the movement of solutes into the xylem.

2.A§tive pumping of salts by endodermal cells into the xylem allows rapid movement of water by osmosis into
thg xylem leading to a buildup of root pressure.

3.C§ntrol of movement of water and solutes by endodermal cells acts as a protective measure against the entry
ofpathogens and toxic substances into the xylem.

4, I@icots, the endodemal cells contain amyloplasts for storing starch grains forming a starch sheath.

D) FERICYCLE
>

Itis g'layer of modified parenchyma, one to several cells thick, located in roots between the central vascular
tissug and the endodermis. It consists of one to several layers of living, roughly spherical and elongated cells.
Theigcell walls are composed of cellulose, pectins and hemicelluloses.

<.
Funéjons of the pericycle

u

® > Produces lateral roots.
> Contributes to secondary growth

ISqam

ADAPTATIONS OF THE PERICYCLE TO ITS FUNCTION

10}

. Itéetains its capacity for cell division (meristematic activity) to produce lateral roots.
D@e to its meristematic activity, it contributes to secondary thickening of the roots. e) Companion cells
D

The)@re specialized parenchyma cells found adjacent to the sieve tubes.

Theﬁhave a prominent nucleus, dense cytoplasm with numerous small vacuoles, plastids and the usual cell
orgariélles. They are metabolically very active with numerous mitochondria and ribosomes. Each companion
cell rs:connected to a sieve element by plasmodesmata.

FUI\&TIONS OF THE COMPANION CELLS

v Cantrol of the activity of the adjacent metabolically inactive sieve tube elements.

v Prvide energy needed for the active processes which occur during translocation of organic solutes in the
sievetubes

ADAPTATIONS OF THE COMPANION CELLS TO THEIR FUNCTION

. P&smodesmata connect sieve elements with companion cells allowing communication and exchange of
mateglglals between companion cells and sieve tube elements.

. panion cells have large nucleus to effect metabolic activity of both companion cells and sieve tubes.

. Campanion cells contain numerous mitochondria to produce energy for active transport of materials in the
sievgelements.

F) TRANSFER CELLS

They@are modified form of parenchyma cells which have numerous internal projections(irregular intuckings) of
the prlmary cell wall and plasma membrane. They posses numerous mitochondria in the dense cytoplasm. Like
companion cells, they are associated withphloem sieve tubes. However transfer cells are not confined to the
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phloem. They are found in a number of places where active transport is thought to occur, forexample in the
wateglsecreting glands(hydathodes) at the edges of certain leaves, and in the secretory tissues inside nectarines.

The
saling-soil.

Iso occur in salt-secreting glands in the leaves of the saltbush Atriplex, a halophyte which lives in dry,

QD
v Irithe leaf, transfer cells are responsible for moving the products of photosynthesis from the mesophyll cells

to thEsieve tubes(phloem loading).

v' TBey also carry water and salts from xylem vessels to the mesophyll cells and to the sieve tubes too.

sieve tube

_[UljuocoINW MMM W

transfer cells

xylem vessel

M 3y 1Is|

bundle sheath cell

-~

¢
AD@TATIONS OF TRANSFER CELLS TO THEIR FUNCTION
v N@merous internal projections of the cell wall and cell membrane increase the surface area and bring the cell
menwrane to closer association with the cytoplasm.

v I\@merous mitochondria in their cytoplasm provide energy for active transport of organic solutes such as

suga® from neighbouring cells.

chloroplast

mesophyll \

v H%/e a large amount of starch granules which are broken down to glucose for aerobic respiration.

3) CaLLENCHYMA

Colle_[5|1chyma consists of living cells modified to give support and mechanical strength. The collenchyma is the
first%lechanical tissue to develop in the primary plant body.

..m .
Diagbam of Collenchyma tissue cells
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STRUCTURE OF COLLENCHYMA TISSUE
)

The %ells are closely packe without air spaces between them. The cells are elongated and polygonal with
tapedng ends. The cell walls consist of cellulose, pectins and hemicelluloses. The cells have extra deposits of
cell%ose at the corners of the cells causing uneven thickening of the cell walls. Cells are elongated, parallel to
the IBhgitudinal axis of the in which they are found.

DI%’RIBUTION AND FUNCTIONS
Collenchyma cells which are relatively flexible provide support for plant organs allowing them to bend without
breagng.

Itis Elainly found in young plants, herbaceous plants and in organs such as the leaves in which secondary
grovgth does not occur.
@)

In thetleaves, they are mainly found in the midribs of dicotyledonous leaves.
>

The)zare also located at the periphery of the organs usually under the epidermis.
o

ADAPTATIONS OF COLLENCHYMA TO ITS FUNCTION
v Dgposition of extra cellulose at the corner of the cells leads to development of unevenly thickened cell walls
to prgvide support and mechanical strength.

>
v Cgls are living and can grow and stretch, thus provide mechanical strength without imposing limitations on
the gbowth of the other cells around it, allowing continued growth in young stems and leaves.
v" Cells are located towards the periphery of the organ just below the epidermis in the outer regions of the
corté:vé to increase its support value in stems and petiole.

4) SBLERENCHYMA

Theg can only elongate when they are young. The mature cells are dead, incapable of elongation and contain
no cytoplasm. The primary cell wall is composed of cellulose, pectins, hemicelluloses and thickened with
depoEts of lignin. Its thick cell walls contain simple pits, areas where lignin is not deposited on primary wall
due fq presence of a group of plasmodesmata.

Thegare two types of sclerenchyma cells that is fibres and sclereids.
T
FIBRES
(72}
The &ells are elongated and hollow with narrow lumens. The cells are polygonal in shape with tapering

interﬁjcking ends. The fibres are found in the outer regions of the cortex, pericycle of stems, xylem and
phlo:%’m. Its structure is as illustrated below;

S[elialew uoieonpa J
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Trapsverse section through the sclerenchyma Longitudinal section though sclerenchyma
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Scle@ids (stone cells) which are roughly spherical or irregular in shape they are found in the cortex, pith,

phlogm, shells and stones of fruits, seed coats. Its structure is as illustrated below;

Adagtations of sclerenchyma to its function

> Fgave elongated fibres and spherical sclereids closely packed together to provide mechanical support.

> TBhe primary cell wall is heavily thickened and lignified with heavy deposits of lignin, with great tensile
%r.ength and compression strength for support and mechanical protection.

> Hgh tensile strength of lignified walls prevents breakage on stretching.

> I;I'_:grgh compression strength of the lignified walls prevents buckling or crushing under pressure.

> Kdbres are arranged into strands or sheets of tissue that extends longitudinally to provide combined
@@Bllective strength.
2. Ends of cells of fibres interlock with the tapering ends of one another increasing combined supportive
g strength.

B) VASCULAR TISSUES

1) XJLEM

It is @vascular tissue with two main functions; conductance of water and mineral salts and providing
mecg\:}ical support to the plant. The xylem consists of four types of cells; tracheids, vessels elements,
parepjghyma and fibres.

S|elalew uoleINpPa Jaylo pue sy3d
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a) Tracheids
(W)

They age single cells with thick walls extensively lignified by
heavy geposits of lignin. Some parts are not lignified
forming bordered pits. They have tapering end walls that
overlag_with adjacent tracheids. They are dead with empty
Iumengwhen mature. The cells are polygonal in cross
sectiorPwith 5 or 6 sides.

The tr:§heids represent the original primitive water

conduc.iting cells of vascular plants. They are the only cells

STRUCTURE OF A TRACHEID

sloping end wall
perforated by
bordered pits

found gm the xylem of the more ancestral vascular plants

b) Xg)

lignified wall

] ) ) strengthened

and argthe only conducting elements in conifers. with bars

= of lignin
@
(@]
o
3
<.
28
=
™
=

em Vessels ; A vessel is formed from a chain of elongated cylindrical cells (vessel elements) placed

end t end. The cellulose side walls of the vessel elements are heavily lignified rendering them impermeable
to wéter and solutes. The lignified walls are perforated by numerous pits called bordered pits where lignin

fails%o be deposited and only the primary cell wall remains. In the course of development the horizontal end
wall§of vessel elements break down partially or completely so that the cells are in open communication with
each;g)ther Mature vessel elements (cells) lack cell membrane and cytoplasmic contents. Vessel elements are

shorter and wider than tracheids.

>
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o Vessels
% lignified wall
% N a) Annular
% =, . \/C
o _©O o ordered pits
% P 250 qf i N
rim & 0290 ]
bordeged pit _| | bordered pit k\/
~—~+ 3 e ™
in section ! /
torusvalve) — N2
- [ annular NS4
o " thickenings \ J
c Q
(o _-=J b \_./
perfoggtions ° o
in cncgwall . o° %o
A | -
3 o 2R ¥
QO N I single large
9] ] perforation
_. o o° in end wall
QL 5 o of vessel
2 oA

Malavy H.

Different typesof thickening found in vessels

b) Simple spiral c¢) Multiole spiral

d) reticulate

{"\

-
S
Vo
ﬁé
S 2
\bc
%w"
o

Page 35



)
DIFI’—%RENCES BETWEEN VESSELS AND TRACHEIDS

Vé&sels Tracheids

Tlsztfy are cylindrical in shape. They are 5 or 6 sided in cross section

ng open ended walls on either sides Have perforated closed end walls.

Have no tapering ends. Have tapering ends.

Oger less resistance towards water passage. Offer a significant or more resistance to water
< passage.

Faét conduction of large volume of water. Conduction of less volume of water.
2
=

PEOTOXYLEM AND METAXYLEM
The ﬁfst vessels of the xylem to form are the protoxylem. They are small in cross section and not lignified.
Theyoare found on the part of the apex just below the apical meristem where elongation of surrounding cells is
still §aking place. They undergo stretching and they collapse as they mature being replaced by metaxylem.
Matlﬁe metaxylem vessels cannot stretch or grow because they are dead, rigid and fully lignified tubes. They
becqme part of the permanent tissues of the plant.

—

NB:=
(9]

1.TI§ xylem fibres provide additional mechanical strength to the xylem.

2. Tlie xylem parenchyma serve functions such as food storage, deposition of tannins, crystals and other
chermcal compounds, radial transport of food and water and gaseous exchange through intercellular spaces.

ADABTATIONS OF XYLEM TO ITS FUNCTIONS

1. XYlem vessels and tracheids consist of long cylindrical cells joined end to end, hence are continuous with

each%ther ensuring continuous flow of water in a continuous unbroken column.

2. Efl walls of the xylem vessels are completely broken down to form continuous tubes that allow

unintdrrupted flow of water.

3. T@cheids are perforated with numerous cellulose bordered pits that allow water to pass from one cell to

anotﬁ}?r in lateral directions.

4. Dgring development, the protoplasmic contents of vessels and tracheids die and disappear leaving empty

hoIIan lumens, permitting uninterrupted flow of water without obstruction by living content.
Impregnatlon of cellulose walls with lignin increases adhesion of water molecules to walls thereby

fam@atmg the rise of water by capillarity.

6. Lnifications of walls confer rigidity preventing walls from collapsing under large tension forces set up by

the tg@nspiration pull.

7. Ngrrowness of lumens of vessels and tracheids increases the rise of water by capillarity.

8. X&llem fibres have extremely thick walls which are heavily lignified and with narrow lumens to provide

addiBonal mechanical strength and support to the xylem.

3
Q

—t

¢}
2) PHLOEM
It is @vascular tissue modified for translocation of manufactured food. It is composed of five types of cells i.e
sieve tube elements, companion cells, parenchyma, fibres and sclereids.
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1) SIEVE TUBES
Theysare long tube-like structures formed by end to end fusion of cells called sieve tube elements/sieve

eler@nts. The sieve elements have walls made of cellulose and pectins, but their nuclei degenerate and are lost
as they mature.
QD

The @/toplasm is confined to a thin layer around the periphery of the cell. Sieve elements are living but
metabolically depend on adjacent companion cells. In between the sieve tube elements are sieve plates, formed
frorrghe two adjoining end walls of neighbouring sieve elements.

The §eve plates are perforated by sieve pores formed by enlargement of plasmodesmata. The sieve plates are
made&up of a polysaccharide called callose. (having thickened or hardened spots)

3
11) COMPANION CELLS
Theyghave a thin cell wall and dense cytoplasm with a prominent large nucleus, numerous mitochondria,

plastitds and small vacuoles and extensive endoplasmic reticulum. Companion cells are metabolically active and
esseggial for the survival of sieve elements.

(w)
DIA%AM OF A SIEVE ELEMENT AND ITS COMPANION CELL
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PRO%OPHLOEM AND METAPHLOEM

Protgphloem is the first phloem formed in the zone of elongation of the growing root or stem.

ProtéDphloem becomes stretched and eventually collapses becoming non functional as the tissue around it grows.
As rﬁc'bre phloem is produced, the protophloem matures after elongation has stopped to produce the metaphloem.

ADA@TATlONs OF THE PHLOEM TO ITS FUNCTION
1.§éve tube elements are joined end-to-end; their walls are perforated with sieve pores in sieve plates
allowing passage of materials unimpeded from one cell to another.
2.%eve elements lack nuclei and possess a thin cytoplasm pushed to the sides of the cell, creating room for
passage of organic materials in solution with minimal obstruction.
3.Ffasmodesmata connect sieve elements to companion cells which are metabolically active allowing
communication and exchange of materials between sieve elements and companion cells.
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4.Sieve elements contain cytoplasmic filaments continuous with similar filaments in other sieve elements via
e pores in the sieve plate, which consist of a contractile phloem protein capable of streaming and sliding
@ganic materials from one sieve element to another by wave like movements of the filaments.

S.Q;ompanion cells possess numerous mitochondria to provide energy in form of ATP for active transport of
Baterials.

6.%odified parenchyma companion cells called transfer cells found next to sieve tubes bear numerous internal
pbojections increasing surface area of the cell membrane and also contain numerous mitochondria producing
e?nergy for active uptake of solutes from neighbouring cells during loading of sieve tubes.

7.Fhloem consist of living cells allowing live active transport of materials since the mechanism of loading
sfeve tubes and transport of solutes requires energy.

8.§Iereids are lignified to provide support to the vascular tissue of the phloem.

9. Fhe companion cells are elongated and thin walled to provide a large surface area for diffusion of materials
to the neighbouring cells.

>
LE\!(!ELS OF ORGANISATION
Ther% are three types of levels of organization, these are;

1. UglCELLULAR LEVEL OF ORGANIZATION

It is @ne where the physiological functions/processes of an organism are mainly performed by cell organelles. It
is refiresented by single celled organisms such as paramecium.

Long@itudinal section of a paramecium
(9]
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Theqoaaramecium has the following main parts and their functions.

w

v' Miacronucleus- It controls metabolic functions including growth.
v' Micronucleus- It is responsible for sexual reproduction.
v' C#lia- It is responsible for locomotion and creation of food currents.
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v" Contractile vacuoles (anterior and posterior vacuoles)- Are for osmoregulation. They eliminate excess water
frorrghe cell to the exterior.

v Tgchocysts- They are tiny explosive sacs containing needle shaped thread. They are used for defense in
somespecies. They are used for paralyzing the prey.

v F@d vacuoles-They contain food particles at the base of cytoproct and it is where digestion takes place.

v' Cstoproct- They are sites through which undigested food is expelled to the exterior.

ADV%NTAGES OF UNICELLULAR ORGANIZATION

i. The distance from the surface of the organism to its centre is very short, that allows quick and efficient
diffugion of materials in and out of the cell.

ii. Itexposes a large surface area to volume ratio which also makes diffusion of materials easy. iii. Easy
repr%duction through fission.

DISADVANTAGES OF UNICELLULAR
i. Thgre is inefficiency in the processes of an organism due to lack of specialization. ii. It is not possible

for aﬁ organism to grow to a large size.
o

ADVANTAGES OF SMALL SIZE

i. ItRdlows fast locomotion.

ii. Itpresents a larger surface area to volume ratio hence allowing faster exchange of gases with the surrounding
medgim.

iii. Ogganisms can easily pass through limited spaces.

iv. i\gThe organism can occupy a variety of habitats.

V. It@'as a high reproductive rate with a high survival chance.

Vi, Cj_fganisms cannot easily be noticed by the predator/enemy.

3
DISADVANTAGES OF SMALL SIZE
i. The organisms lose a lot of heat because of having a large surface area to volume ratio.

ii. Th?e organisms usually have a high metabolic rate hence eat a lot.
iii. Tﬂé organism cannot intimidate/scare the predator/enemy.

T
iv. T% organism can easily be consumed by the predator wholly.

o
ADV%NTAGES OF BIG SIZE
i. Itgllows the organism to have a low metabolic rate hence eats less relative to body size.

ii. THe organism loses less heat because it has a small surface area to volume ratio.
o - - - - -

iii. TBe organism can easily intimidate/scare the predator/enemy.
1)

iv. Agarge organism cannot easily be consumed, only parts of it can be consumed.

DISADVANTAGES OF BIG SIZE

i. To locomotion is usually slow.

ii. It9resents a small surface area hence slower exchange of materials with the surrounding medium.

iii. T@ere is a problem of passing through limited space hence can occupy limited habitats. iv. It usually
aIIo@s a low reproductive rate with low survival chances. v. A large organism can easily be noticed by the
predgor/enemy.
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2. TISSUE LEVEL OF ORGANIZATION

wj
It is %e level of organization where the physiological processes are only carried out by isolated cells and tissues.
Org%isms in this level are mainly primitive multicellular animals. Such animals have very few organs.
Exaple is the hydra.

D

HYGORA
@)
It hassa simple sac like bodly. Its cells are interdependent and to some extent integrated by the nervous

" Transverse section of the body wall of hydra
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THESWALL OF THE HYDRA
@)

Itis %mposed of seven different types of cells arranged in two sheet like layers called ectoderm and
endgglerm. The ectoderm lines the external surface whereas the endoderm lines the body cavity/enteron.

o
Betvigen the ectoderm and endoderm is an intersurface called the mesogloea in which there are nerve cells
that &re interconnected to form a nerve net. Each of the different cells performs a specific function as stated
belog.

1._®usculo-epithelial cells- These are cells lining the upper surface in the ectoderm and are mainly for
[otection.
5

2.[ematoblast- (stinging cells). It contains a thread which contains a toxic fluid. It is used in the piercing and
poisoning of prey.
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3.Sensory cells- They are for detecting changes in the surrounding environment and pass impulses to the
rigrve cells.
4. %rve cells- They are interconnected to form a nerve net. They are connected to the contractile muscle tail
the musculo-epithelial cell. Therefore, their role is to pass on the information ie conducting impulses to
tBose muscle tails of the musculo epithelial cells.

D

5.[uscle tails- They are contractile muscles at the base of each musculo-epithelial cell. They are concerned
with bringing about the movement or beating of the tentacles and flagella when they contract.

6.Glandular cells-They secrete enzymes that carry out digestion in the enteron.

7.Bhagocytic musculo-epithelial cells- For taking in small particles from the enteron so that digestion is
c@mpleted intracellularly.

8.Hagellated musculo-epithelial cells- Are important for effective movement of materials eg food materials
@d stirring it up in the enteron.

9. Bterstitial cells- For generation or production of new cells.

FEE%NG MECHANISM IN A HYDRA
Foo%of a hydra is usually water fleas. The water fleas are immobilized by the stinging cells and pulled to the
mouth by the tentacles under the influence of the contraction of the muscle tails which are controlled by the

nervgnet in the mesoglea.
n

Wheg the food reaches in the enteron, digestion starts by the enzymes secreted from the glandular cells.
Digegtion is completed inside the musculo epithelial cells which take up food particles from the enteron by

pha%cytosis.
3. C&LONIAL ORGANIZATION

D
In cedonial organization, cells are functionally isolated i.e their activities are not co-ordinated. Each cell when
isolaged can exist on its own for example in a sponge.

Str%cture of a sponge

-gcurrcm opening N

v

[p Mesenchyme cells

secrete siliceous spicule
for strengthening wall
of sponge

Collar cells maintain
flow of water by beating
of their flagela.

Wandering amochocytes
move around between the
other cells.

Hollow pore cell forms
lining of pore through
which water conmining food
parsicles is drawn into spong

olednpsa I19ylo pue.sy43dvd 1S

QN.'UITCHK

o Epithelial cells linc
‘o3 surface of body.

Malavy H. Page 41



OéGAN LEVEL OF ORGANIZATION
Itds a level of organization where the physiological functions are mainly performed by organs and organ
systems. An example is mammals. This form of organization occurs mainly in the higher multicellular

argmals.
o

A8vantages of being multicellular
aélt allows increase in size.

bElt brings about specialization of specific cells for a particular function, thus improving efficiency of an
o&@anism as a whole.

cglt permits exploitation of environment in which single celled organisms cannot live.

@)
dBlt allows development of better tissues for example muscles for quick movement, skeleton for support and
q&gck movement.

@
T'gere is also development of sophisticated physiological mechanisms e.g maintenance of body temperature.

11USIA W

SAMPLE QUESTIONS

=

(a) For each of the following, show how its structure is related to its function:
i. a red blood corpuscle;
il. a motor neurone;
il a xylem vessel.

(b) What advantages do organisms gain from cell differentiation?

n

By means of labelled diagrams only, illustrate the microscopic structure of mammalian bone and cartilage.
Show how these tissues give support to the body.

w

(a)Give an illustrated account of the structure of a meristematic cell of a plant
(b) How do the structure and function of each of the following differ from that of a meristematic
cell?i. a xylem fibre
ii. a sieve tube
iii. aguardcell

e

What is the main structural difference between xylem cells and sclerenchyma? (ii) How is this difference
explained by the

o

The diagram shows part of a tissue as seen in transverse (A) and longitudinal (B) section

S[elialew uoieINpPa Jaylo pue sy3dvd 1SVd 240w o) 31ISgqam ay
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| Je==3% | @) Name the tissue. What features enable
' ' you to recognize it as such?
— (b) Name the structures labelled 1 and 2

r '*i 7 (o) (i) In what type of stem would you expect
q to find this tissue.

| s I (i) Where would it be situated?

—:l- l / [ X (d) (i) What is the main function of such a tissue?

- [I H (i) What features of its cell walls are important
l in adapting it to its particular function?

(e)Where else would you expect to find such a
ue?

(%)

6. The diagrams below show cells from a tissue of a flowering plant

(a) (i) Name cells A and B

ISIA WO dUlUOGINW MMM WOy papeojumoq

(ii) State one way in which the structure of cell A differs from cell B

(b) (i)Iin which tissue are these cells found (ii) State two
functions of this tissue.

(c) Describe briefly three ways in which cell A is adapted for
its functions in the plant.

1l

)i

Describe how each of the following tissues are related to their functions.

(a) Parenchyma

(b) Collenchyma

(c) Sclerenchyma

8. Discuss how structure and function are related for each of the following tissues.

@) Voluntary muscle tissue
(b) Parenchyma tissue in plants
(a) Describe the structure of cartilage and bone. (b) How is cartilage replaced by bone?

©

10. The diagrams below show two supporting tissues present in flowering plants.

9 1910 pue SYIdVd LSVd 210W 10} d)ISqam

cf*/ -..;;—TZ".‘- 2N
z[{'—.r- '.5 _YN {(‘n:_.
O AUY,
:r’vs ’-“'vr\ /./‘-r--ﬁ —
AL\ yb ‘{
=y “*;/—’:;\ X8
3 VAN _,
% collenchyma sclerenchyma

(a@':—Give two structural features shown in the diagram. Which are characteristic of collenchyma.
(b) (i)Give two ways in which sclerenchyma differs from collenchyma.
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(ii) Collenchyma is often present in the petiole and midrib of leaves. Suggest two reasons why collenchyma is
gﬂore suitable than sclerenchyma for support in these locations

(cE.Both tissues are shown in transverse section. Make a drawing of a sclerenchyma cell as it would appear in
glongitudinal section.

ofam

pa

—11. (a) Name two areas in plants where each of the following tissues is found

0] Sclerenchyma

(i) Collenchyma
b) Give three structure adaptations of the sclerenchyma tissues for its function.
Explain the importance of the collenchyma tissue in leaves and young stems.

—~ ~
o O
N—

Outline three structural differences between the collenchyma and sclerenchyma tissue.

. Describe the adaptations of each of the following tissues. (a) Stratified tissue

—~
NN

Collagen tissue.

-
w

(a) Describe the structure of the vascular systems in higher plants. (b) How is the
system in (a) adapted to its functions.

H
~

. Discuss how structure and function are related for each of the following tissues.
(a) Voluntary muscle tissue.
(b) Parenchyma tissue in plants

END
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