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A
natom

y is the study of structure of hum
an body. Study of anatom

y helps in

understanding the functions of body. D
ifferent aspects included in anatom

y

are H
istology, O

steology, M
yology, A

rthrology and N
eurology etc. H

istology

is study of tissues. O
steology is study of bones. M

yology is study of m
uscles.

A
rthrology is study of Joints. N

eurology is study of nerves and nervous system
.

Several term
s  used in anatom

y to describe anatom
ical positions:

S
om

e of the term
s are-

1) S
uperior : N

earer to head.

2) Inferior : L
ow

er or below

3) A
nterior or ventral : F

ront

4) P
osterior or dorsal: B

ack

5) P
roxim

al : N
earer

6) D
istal : A

w
ay

7) S
uperficial : N

earer to the skin surface.

8) D
eep :  D

eeper from
 skin surface.

9) M
edial : N

earer to m
idline.

10) L
ateral : A

w
ay from

 m
idline.

M
edian line or sagittal line : It is im

aginary

 plane dividing the body into tw
o halves.

H
orizontal section: It divides body into superior and inferior portions.

Sagittal section: It divides body into right and left portions.

C
oronal section: It divides the body into anterior and posterior portions.

T
erm

s to describe  m
ovem

ents occuring at various joints:
1)

Flexion : Flexion is the m
ovem

ent w
here sim

ilar surfaces com
e nearer t o

each other reducing the angle betw
een them

.

ex: B
ending of fore arm

 near elbow
.

2)
E

xtension: It is the m
ovem

ent causing sim
ilar surfaces to go apart. It i s

opposite to flexion.

ex : Straightening of bent fore arm
.

3)
A

dduction: It is the m
ovem

ent bringing the lim
b tow

ards m
id line.

M
edian or sagittal line

Superior

L
ateral 

M
edial

Inferior
Fig. 1.1
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4)
A

bduction: It is the m
ovem

ent taking the lim
b aw

ay from
 the m

id line.

5)
R

otation: It is the m
ovem

ent around central axis involving 360
0.

6)
M

edial rotation : R
otation tow

ards m
edial direction is called m

edial

rotation.

7)
L

ateral rotation: R
otation tow

ards lateral direction is called lateral

direction.

8)
C

ircum
duction: It is the m

ovem
ent involving flexion, abduction, extension

and adduction occuring in sequence.

Sum
m

ary
A

natom
y is the science dealing w

ith structure of body. Subject m
at-

ter of anatom
y includes H

istology, O
steology, M

yology, A
rthrology, N

eu-

rology etc. V
arious term

s describing the hum
an body are - M

edian line,

m
edial, lateral superior, inferior,anterior, posterior, proxim

al, distal, superfi-

cial, deep etc. Term
s describing the m

ovem
ents occuring at various joints of

body are- F
lexion, extension, adduction, abduction, rotation, m

edial rota-

tion, lateral rotation, circum
duction etc.

E
ssay Q

uestions
1)

D
efine A

natom
y and W

rite the introduction of A
natom

y.

Short A
nsw

er Q
uestions

1)
D

efine anatom
y and m

ention various subjects w
hich enrich anatom

y.

2)
W

rite the definitions of   a) H
istology  b) O

steology.

3)
W

hat are   a) M
yology  b) A

rthrology  c) N
eurology ?

4)
E

xplain term
s -M

edian line, m
edial and lateral.

5)
D

efine term
s superior and inferior.

6)
W

rite the definitions of   a) A
nterior  b) P

osterior.

7)
G

ive the definitions of   a) Proxim
al  b) D

istal.

8)
E

xplain the term
s - Superficial and deep.

9)
D

efine the m
ovem

ents  a) Flexion  b) E
xtension.

10)
W

rite the definitions of A
dduction and A

bduction.

11)
E

xplain the term
s  a) R

otation  b) C
ircum

duction.

12)
D

efine the tem
rs  a) M

edial rotation  b) L
ateral rotation.
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2.  C
E

L
L

 and T
ISSU

E
S

C
ell

C
ell is the sm

allest and basic structural and functional unit of living m
atter. It

is capable of carrying life processes independently.

P
roperties of cell :

Properties of cell in unicellular organism
s like am

oeba are -

a) Irritability
b) C

onductivity

c) C
ontractility

d) A
bsorption

e) E
xcretion

f) G
row

th and reproduction

g) M
otility

h) Secretion

T
ypes of cells of body: T

hey are tw
o types of cells in body.

1) Som
atic cells

2) G
onadal cells.

Som
atic cells are diverse cells w

hich m
ake up som

atic structure of body.

G
onadal cells are gam

etes w
hich can unite to form

 new
 individual.

Structure of cell : C
ells vary in size and shape. M

ost of the cells contain sim
ilar

type of intracellular com
ponents. A

verage size of m
am

m
alian cell is 10

-2 m
m

 in

diam
eter.

E
very cell com

prises follow
ing parts.

1) C
ell w

all (cell m
em

brane)

 2) Protoplasm
, consisting of C

ytoplasm
 and N

ucleus

C
ell w

all :  It is also called as plam
salem

m
a or plasm

a m
em

brane or cell m
em

brane.

It is the outer  protective layer of cell. It isolates cell from
 neighbouring

environm
ent.  It cannot be seen by light m

icroscope. It can be seen by electron

m
icroscope. It is about 80 A

0  thick. It has trilam
inar structure of phospholipid

bilayer sandw
itched betw

een tw
o densely stained protein layers. Phospholipid

m
olecules have tw

o parts.

-1)H
ead (Phosphate) and           2) Tail (Fatty acid)

outer surface of cell w
all contains pinocytotic vesicles. Inner surface is continuous

w
ith  endoplasm

ic reticulum
  (E

R
).

Functions of cell w
all:

1) T
ransport of m

aterials (m
ain function) 2) Protection

3) R
eception of external stim

uli.
4) Ingestion of nutrients

5) E
xcretion of w

aste products of cellular m
etabolism

.

C
ytoplasm

 : C
ytoplasm

 is the m
ass of living m

atter betw
een cell w

all and nucleus.

It contains stored foods, secretion granules, pigm
ents and crystals. T

hese are

called cytoplasm
ic inclusions. Stored foods are carbohydrates, fats, proteins,

m
inerals and vitam

ins. Pigm
ents are tw

o types - endogenous and exogenous.

E
ndogenous pigm

ents are haem
oglobin and m

elanin. E
xogenous pigm

ents are

carotene from
 vegetables, dusts (carbon) and m

inerals (silver, lead etc.)

C
ytoplasm

ic organelles are- E
ndoplasm

ic reticulum
, G

olgi apparatus,

M
itochondria, Lysosom

es, R
ibosom

es, C
entrosom

es etc.

E
ndoplasm

ic reticulum
:  E

ndoplasm
ic reticulum

 is system
 that continues w

ith

infoldings of cell m
em

brane and interlaces w
ith the interior of cell. T

here are tw
o

types of endoplasm
ic reticulum

- Sm
ooth E

R
&

R
ough E

R

Sm
ooth E

R
 is netw

ork of sm
ooth tubules. R

ough E
R

 consists of ribosom
es. It is

prom
inent in A

drenal cortex, liver and striated m
uscle.

Functions of sm
ooth E

R
 :  C

oncerned w
ith m

etabolism
 and synthesis of steroids

and glycogen.

C
entrosom

e

M
itochondrion

R
eticulum

w
ith ribosom

es
N

ucleus
N

ucleolus
N

uclear
M

em
brane

E
ndoplasm

ic
reticulum

L
ysosom

e
C

ytoplasm

G
olgi body

C
ell m

em
brane

Fig. 2.1   C
ell
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Functions of rough E
R

 :

1) Protein synthesis

2) Translation of language of nucleic acids.

G
olgi apparatus :  It is shaped like netw

ork of threads.

Functions : 1) Synthesis of various secretions.

 2) Storage of enzym
es, ascorbicacid and som

e other substances.

M
itochondria: T

hey are granular, filam
entous or rod shaped solid bodies. T

hey

vary in size from
 0.5 to 5 m

icrons. T
hey are surrounded by trilam

inar double

m
em

brane. Inner one rem
ains folded to form

 partitions called cristae

m
itochondriales. Intram

itochondrial space contains fluid called m
atrix. N

um
ber

and size of m
itochondria of a cell are determ

ined by energy requirem
ents of cell.

C
ells of liver, kidney and heart possess large am

ount of m
itochondria.

Functions: 1) M
itichondria are called pow

er houses of cells. T
hey supply 95%

of cell’s energy requirem
ent. In presence of oxygen, K

reb’s cycle runs in

m
itochondria w

ith the help of respiratory enzym
es - flavoprotein enzym

es and

cytochrom
e. T

hese enzym
es help in oxidative phosphorylation T

hey provide site

for form
ation of A

T
P.

2) Synthesis of R
N

A
 and D

N
A

.

Lysosom
es : T

hey are digestive organs of cells. T
hey are also called suicide bags

of cells. T
hey are digestive organelles of cells. T

hey contain pow
erful hydrolytic

enzym
es. Lysosom

es are absent in R
B

C
.

Functions :  1) B
reaking dow

n of particles taken in to cell and digestion.  2)

A
utolysis  3) Phagocytosis  4) K

illing of cells (planned w
ay)  5) C

ell division.

R
ibosom

es :  T
hey are scattered through out cytoplasm

 singly or as groups.

T
hey are ribonucleoprotein in nature.

Functions:  Protein synthesis.

C
entrosom

e :  C
entrosom

e contains centrioles.

Function : C
entrioles control polarisation of spindle fibres. C

entriole is closely

related to spindle form
ation during cell division (M

itosis).

Plasm
osin :  Plasm

osin is constant constituent of cytoplasm
. T

hey form

    -
Tonofibrils in epithelial cells, m

yofibrils in m
uscles and neurofibrils in nerves.

T
hey consist of long protein m

olecules rich in deoxy-ribonucleoprotein.

V
acuoles :  T

hey are also cytoplasm
ic organelles. T

hey are found covered by fat

on staining w
ith dilute neutral red solution.

N
issl bodies:  T

hey are found in nerve cells.

Secretory granules:  T
hey store secretory products of cell and are found in-

G
olgi apparatus and E

.R
.

N
ucleus :  It is the key structure of living cell. N

ucleus is covered by nuclear

m
em

brane. N
ucleus consists of chrom

atin and nucleolus. C
hrom

atin is dense

chrom
osom

al netw
ork. T

here is usually sim
ple nucleolus or 2-5 nucleoli in a cell.

N
ucleolus contains nucleolem

m
a. N

uclear m
aterial differs from

 cytoplasm
 in

several w
ays. C

hrom
osom

es seen in interphase nucleus are densely stained

portions of chrom
osom

es. C
hrom

atin contains different genes w
hich determ

ine

heredity of cell.

C
hrom

osom
es:  C

hrom
osom

es are present as individual bodies in interphase as

w
ell as in m

itosis. Predom
inant com

ponent in chrom
osom

e is D
N

A
. G

enes are

located in chrom
osom

e. T
hey are discrete units of transm

ission of hereditary

characters. In fem
ale, 2X

 chrom
osom

es and in m
ales 1X

 and 1Y
 chrom

osom
es

are present.

D
ifferential arrangem

ent of cellular m
ass: D

ifferentiation of cellular m
ass is

evident w
hen cells arrange in three layers. T

hey are 1) E
ctoderm

2) M
esoderm

3) E
ndoderm

E
ctoderm

 gives rise to epithelium
 of m

outh, nose, skin, hair, som
e glands like

sw
eat, m

am
m

ary, pituitary, adrenal m
edulla, brain and nerves. M

esoderm
 gives

rise to connective tissue  including blood, bone m
arrow

 cells, cortex etc. E
ndoderm

6
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gives rise to epithelium
 of digestive and respiratory tract, thyroid, parathyroid,

thym
us and bladder.

T
issues

T
issue :  T

issue is defined as group of cells of sim
ilarity in structure,function and

genesis.

B
asic tissues of hum

an body:

H
um

an body contains follow
ing types of tissues.

1) E
pithelial tissue2) C

onnective tissue3) M
uscular tissue4) N

ervous tissue

E
pithelial tissue:

E
pithelial tissue gives covering to other tissues by form

ing epithelial m
em

brane.

E
pithelial m

em
brane rests upon lam

ina propria. L
am

inapropria is loose vascular

connective tissue, w
hich supplies requirem

ents to epithelial m
em

brane. C
ells of

epithelial tissue lie close together cem
ented by a m

ucoprotein containing hyaluronic

acid and calcium
 salts.

Functions of epithelial tissue are -

1) Protection to underlying surfaces 2) Providing surface for absorption

3) Secretory activity
4) E

xcretion

Types of E
pithelial tissue: E

pithelial tissue is m
ajorly classified into

1) Sim
ple epithelium

 - consisting of single layer of cells

2) C
om

pound epithelium
 - consisting of m

ultiple layers of cells.

Sim
ple epithelium

: D
ifferent types of sim

ple epithelial tissues are

a)
Squam

ous or pavem
ent epithelium

 - consisting of single layer of flat cells.

b)
C

uboidal epithelium
 - consisting of single layer of cuboidal cells of sam

e

dim
ensions.

c)
C

olum
nar epithelium

 - consisting of single layer of cells w
hich are lengthier

in height than breadth.

d)
C

iliated colum
nar and cuboidal epithelium

-colum
nar and cuboidal cells

containing cilia.

e)
G

landular epithelium
 - lining the alveoli and ducts of glands.

Squam
ous or pavem

ent epithelium
 :

It is found in alveoli of lungs, serous m
em

branes like peritoneum
, pleura, nephrons,

inner lining of heart etc.

Functions : -
1) D

ialysis 2) Passage of liquids 3) Protection

C
uboidal epithelium

 : T
hey are found in inner parts of thyroid gland, salivary

glands, digestive glands etc.

Functions
1) Protection

2) Secretion 3) Storage etc.

C
olum

nar epithelium
:   It is supported by basem

ent m
em

brane. It is found in

stom
ach, sm

all intestine, large intestine, alveoli, ducts of glands etc. In

alim
entary canal and nephron, it is brush bordered. G

oblet cells are another

type of colum
nar epithelium

 found in large intestine m
ainly and secrete m

ucus.

Functions :
1) A

bsorption
2) Secretion

C
iliated colum

nar and cuboidal epithelium
:

T
hey are ciliated. B

order of cell containing cilia contains basal particles in a row
.

T
hey are found in trachea, fallopian tubes, C

N
S etc.

Functions: 1)
C

iliary m
ovem

ent to m
aintain flow

 of m
ucus in one direction

2)
In C

N
S, its function is suggested to be circulation of C

SF.

G
landular-epithelium

 : T
hey line the alveoli and ducts of glands ex-salivary,

sebaceous, m
am

m
ary and intestinal glands.

Functions :
1)

Form
ation of new

 substances.

2)
Secretion

C
om

pound epithelium
 :

C
om

pound epithelium
 is classified into -8
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1)
T

ransitional epithelium
-consisting of four layers of cells and lying

betw
een sim

ple epithelium
 and m

any layered stratified epithelium
.

2)
Stratified squam

ous cornified epithelium
 - consisting of m

any layers

and horny due to deposition of keratin.

3)
Stratified squam

ous noncornified epithelium
 - consisting of stratified

squam
ous epithelium

, not keratinised.

4)
Stratified colum

nar epithelium
 - consisting of several layers of colum

nar

cells.

5)
Stratified colum

nar ciliated epithelium
 - consisting of stratified colum

nar

epithelium
 containing cilia.

T
ransitional epithelium

 :  It is found in pelvis of kidney, ureter, urinary bladder

and urethra etc.

Functions:
1) Protection

2) Prevention of reabsorption

3) Prevention of draw
ing w

ater from
 blood and tissues.

Stratified squam
ous cornified epithelium

 : It is found in skin.H
airs, nails, horns,

enam
el of teeth are m

odified stratified squam
ous cornified epithelium

.

Functions:
1) Protection from

 atm
osphere

2) Protection from
 m

echanical pressure

3) Protection from
 injury and friction

Stratified squam
ous non-cornified epithelium

 : It is found in cornea, m
outh,

pharynx, oesophagus, anal canal, urethra, vagina and cervix etc.

Functions: M
echanical protection

Stratified colum
nar epithelium

 : It is found in conjunctiva, pharynx, epiglottis,

cavernous portion of urethra etc.

Stratified colum
nar ciliated epithelium

: It is found in larynx, soft palate etc.

C
onnective T

issue:
C

onnective tissue is also called m
esenchym

al tissue. It is developed from

m
esoderm

. It serves the function of binding tw
o tissues. C

ells w
ill be less and

intercellular m
atrix w

ill be abundant.

Several types of connective tissue are -

Squam
ous

Squam
ous  non-cornified

C
uboidal

C
uboidal

C
olum

nar (w
ith goblet cells)

Pseudostratified epithelial tissues

T
ransitional

C
olum

nar

Pseudostratified cilliated colum
nar

epithelium
 w

ith goblet cells
1 – E

pithelial tissue
2 – B

asem
ent m

em
brane

3 – C
onnective tissue

4 – G
land

5 – G
oblet cell

Fig.2.2  E
pithelial tissues

1
0
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a) A
reolar tissue

b) A
dipose tissue

c) W
hite fibrous tissue

d) Y
ellow

 elastic tissue

e) R
eticular tissue

f) B
lood

g) H
em

opoietic tissue
h) C

artilaginous tissue

i) O
sseous tissue

j) Jelly like tissue

k) R
eticuloendothelial tissue

A
reolar tissue:  It is supporting and packing tissue.  It is distributed betw

een

m
uscular, vascular and nervous tissues.  It is distributed in subcutaneous, subserous

and subm
ucous tissues.  It is com

posed of fibres and cells. Spaces in the netw
ork

of fibres is filled w
ith ground substance. Fibres contained are w

hite or collagenous

fibres and yellow
 elastic fibres.

Types of cells found in areolar tissue are -

a) Fibroblasts
b) H

istiocytes.

c) B
asophilic cells

d) Plasm
a cells

e) Pigm
ent cells

f) M
ast cells

g) Lym
phocytes

h) M
onocytes

A
dipose tissue :  It is also know

n as loose connective tissue. It contains fat inside

fat cells. It is found below
 skin in m

esentery, om
entum

 etc. It prevents injury to

organs. It gives shape to lim
bs.

It stores energy in the form
 of fat. It helps in regulation of body tem

perature.

W
hite fibrous tissue :  It is m

ade of w
hite firbres form

ed by fibroblasts. T
hese

fibres are non branching and present in bundles. T
hey are present in tendons and

ligam
ents of lim

bs. It is m
ade of collagen.

Y
ellow

 elastic tissue : It is another variety of fibrous tissue. It is yellow
 in colour.

Fibres are thicker, bundles are w
avy, but follow

 a straight course. Fibres appear

angular. Fibres are m
ade of elastin. It is m

ost resistant to m
any chem

icals. It is

digested by pancreatin.

It is found in areolar tissue throughout body. It is in concentrated form
 in

ligam
entum

 nuchae of quadrupeds and ligam
entum

 flava of vertebra. It is also

present in bronchi, larynx, arterial w
alls etc. It is functions as strong elastic rope.

It is serves to m
aintain circulation and blood pressure by its elastic recoil.

R
eticular tissue :  R

eticular tissue is sim
ilar to w

hite fibrous tissue w
ith certain

differences. R
eticular tissue is w

idely distributed and form
s basem

ent m
em

brane

of m
any epithelia. It is found in spleen, liver, lym

ph and bone m
arrow

 etc.

B
lood :  B

lood is fluid connective tissue of body. It is dealt in detail in B
lood

chapter.

H
aem

opoietic tissue : T
here are tw

o types of haem
opoietic tissues. T

hey are -

a) M
yeloid tissue

b) Lym
phatic tissue

M
yeloid tissue :  M

yeloid tissue is blood form
ing tissue as w

ell as phagocytic.

M
yeloid tissue is synonim

ously used for bone m
arrow

. ‘M
yelos’ m

eans m
arrow

.

T
here are tw

o types of bone m
arrow

a) R
ed bone m

arrow
 ... A

ctive form

b) Y
ellow

 bone m
arrow

 - Inactive form
.

R
ed cells are produced in red bone m

arrow
. In foetal life, m

ost of the bones

contain red bone m
arrow

. In postnatal life and w
ith advancem

ent of age red

bone m
arrow

 is located only in upper ends of hum
erus and fem

ur, bones of skull,

thorax, vertebrae and pelvic innom
inate bones. Y

ellow
 bone m

arrow
 occupies

the space w
here red bone m

arrow
 w

ill not be present. A
lthough half of the bone

m
arrow

 (red bone m
arrow

) is active and half is inactive in adult, active half is

enorm
ously functional.

Lym
phatic tissue: Lym

phatic tissue is tw
o types -

a) N
on capsulated lym

phnodules present in loose connective tissue.

b) C
apsulated lym

ph tissue present in lym
ph organs - lym

ph node, spleen,

thym
us, tonsils.

1
2
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C
artilaginous tissue : It is connective tissue, w

hich is interm
ediate betw

een fibrous

tissue and osseous tissue in firm
ness and elasticity. C

om
ponents of cartilaginous

tissue are cartilage cells, chondroblasts, inter cellular ground substance called

m
atrix, fibres and tw

o types of proteins called chondrom
ucoid and

chondroalbum
oid. C

hondrom
ucoid on hydrolysis gives chondroitin sulphate.

C
artilaginous tissue is divided into three classes.

a) H
yaline cartilage b) Fibrocartilage c) E

lastic cartilage.

H
yaline cartilage :  It is m

ade of cartilaginous cells and clear hom
ogenous ground

substance. C
artilage cells are also called chondrocytes and occupy sm

all em
pty

spaces in m
atrix. T

hese sm
all em

pty spaces in the m
atrix are called lacunae.

M
atrix is solid intercellular substance of cartilage or bone. It is distributed in the

articular end of bones.

Fibrocartilage:  T
his type of cartilage has great tensile strength w

ith flexibility and

rigidity. It can stand w
ith shearing forces. It is found in intervertebral discs, m

enisci

of knee joints, m
andibular joints, pubis sym

phisis, linings of tendon, grooves in

bones etc.

E
lastic cartilage :   It is in betw

een fibrous tissue and osseous tissue. It is yellow

in colour and contains elastic fibres. It differs from
 hyaline cartilage as it contains

large num
ber of elastic fibres in the m

atrix. It is distributed in external ear, epiglottis,

eustachian tube and som
e laryngeal cartilages.

E
lastic cartilage strengthens attached organs.

Jelly like connective tissue :   It is an em
bryonic form

 of areolar tissue. C
ells ar e

large fibroblasts. A
 few

 m
acro phages and lym

phocytes are also present. G
round

substance is m
ucin in nature. It is found in um

bilical cord. It is called as W
harton’s

jelly here. V
itreous hum

our of eye ball is com
posed of this tissue in adult life.

R
eticuloendothelial tissue :  It possesses various types of connective tissue cells,

w
idely distributed in body. M

ain functions are phagocytosis, antibody form
ation,

erythropoiesis, haem
olysis etc.

O
sseous tissue : O

sseous tissue constitutes skeleton. It is the hardest connectiv e

tissue of body. It is m
ade of bone cells and intercellular ground substance. T

here

are three types of bone cells. T
hey are -  O

steoblasts, osteocytes and osteoclasts.

O
rganic part of intercellular ground substance is m

ade of osteocollagenous fibres,

bound by ossein.

Fibrocyte
Polym

orphonuclear
 leukocytes

Fat cell

E
osinophil

M
ast cell

E
lastic fibres

m
onocyte

M
acrophage

Plasm
a cell

C
ollagenous

fibres

Perichondrium

lacuna
C

hondrocyte

H
yaline cartilage

A
reo lar connective

tissue
Fat globule

Fat cell
C

apillary
connective
tissue cells

A
dipose connective tissue

F
ibrous cartilage Fat globule

C
hondrocyte

C
ollagenous

fibers

C
ell

R
eticular

fibres

Perichondrion

C
hondrocyte
L

acuna
E

lastic fibres

R
eticular connective tissue

E
lastic cartilage

R
eticular connective tissue

B
one

C
ollagenous

fibres
Fibroblast

D
ense connective tissue

Fig.2.3 C
onnective tissues

1
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T
here are tw

o types of bone tissues according to density and hardness.

T
hey are

1) C
om

pact bone tissue.

2) Spongy bone tissue

O
uter layer of all bones and shaft is com

pact bone tissue. Inner parts of flat

bones, rounded ends of long bones, body of vertebrae posses spongy bone

tissue.B
one is covered w

ith periosteum
. Periosteum

 has tw
o layers- O

uter layer

and inner layer called cam
bium

. C
am

bium
 is osteogenic in its functions to produce

osteoblasts and osteoclasts. E
ndosteum

 is the lining m
em

brane of m
arrow

 cavity.

It possesses osteogenic and haem
opoietic functions. B

ursae consist of sm
all

sacs of connective tissue w
ith synovial fluid. B

ursae act like cushions and relieve

pressure in m
oving parts. B

one cavity is the hollow
 space in side the bone and

filled w
ith bone m

arrow
. B

one m
arrow

 is tw
o types - R

ed bone m
arrow

 and

yellow
 bone m

arrow
. Further reference of bone m

arrow
 can be had at m

yeloid

tissue.

T
ransverse section of bone: T.S. of bone under m

icroscope show
s haversian

system
 consisting of

1) C
entral haversian canal

             2) L
am

ellae

3) L
acunae

 4) C
analiculi

C
entral haversian canal contains blood vessels, nerves and lym

phatic vessels.

L
am

ellae are layers of bone deposited in concentric circles around haversian

canal. L
acunae are interlam

ellar spaces. C
analiculi are m

inute canals joining

lam
ellae and com

m
unicating w

ith central haversian canal.

C
om

position of bone

O
ssification

R
efer to B

ones and Joints.

Types of bones

M
uscular T

issue

It is type of tissue having

contractile ability on excitation. It has

also property of conductivity. T
here are

different types of m
uscular tissues.

T
heir classifications are based on

physiological and anatom
ical aspects.

Types of m
uscular tissues based on

striation : O
n this basis, they are tw

o

types
1) Striated m

uscles

2) N
on striated m

uscles.

Striated m
uscles have cross striations.

N
on striated m

uscles do not have cross

striations and are plain.

Types of m
uscular tissues on the basis

of control :

O
n this basis, they are tw

o types,

1) V
oluntary m

uscles

2) Involuntary m
uscles

V
oluntary m

uscles are under volitional

control. Involuntary m
uscles are not

under volitional control.

Types of m
uscular tissues on the basis of distribution:

O
n this basis, they are

1) Skeletal m
uscles 2) C

ardiac m
uscles

3) V
isceral m

uscles.

Skeletal m
uscles are attached to bones. T

hey are under the control of w
ill

pow
er. H

ence they are voluntary m
uscles. Fibres of skeletal m

uscles show

striations. H
ence they are also striated m

uscles.

E
pim

ysium
 is the outer covering of skeletal m

uscle. Perim
ysium

 is  the outer

covering for sm
aller bundles of skeletal m

uscle. Sm
aller bundles into w

hich skeletal

Sarcolem
m

a
Striations
Sarcoplasm
N

ucleus

Intercalated D
isc

Sarcoplasm
N

ucleus
Sarcolem

m
a

M
yofibrils

N
ucleus

Fig. 2.4 Types of m
uscular tissue

Skeletal m
uscular tissue

Cardiac m
uscular tissue

Visceral m
uscular tissue
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m
uscle is divided are called fasciculi. E

ach fasciculus contains m
uscle fibres.

E
ach fibre is covered by endom

ysium
.

H
istology of skeletal m

uscle fibres: Skeletal m
uscle fibres are cylindrical. T

hey

are elongated w
ith several nuclei.

D
im

ensions of skeletal m
uscle fibres are -

1-40   x   0.01 - 0.1 m
m

2

Sarcolem
m

a is the transparent cell w
all of m

uscle fibre. M
yofibrils are

bundles of m
yofilam

ents em
bedded in sarcoplasm

 inside the plasm
alem

m
a.

Sarcoplasm
 contains sarcosom

es (m
itochondria), sm

all G
olgi apparatus,

m
yoglobin, lipid glycogen, sarcoplasm

ic reticulum
.

From
 electron m

icroscopic studies, it is relevant that m
yofilam

ents are form
ed

by thread like protein filam
ents of w

hich, thicker one is m
yosin filam

ent (100A
0

diam
eter) and thinner one is actin filam

ent (50A
0). T

hey contain m
ultiple flat

nuclei in periphery under sarcolem
m

a.

C
ardiac m

uscle:  It is involuntary, striated m
uscle of heart. It contracts rhythm

ically

and autom
atically.

M
ain differences betw

een skeletal and cardiac m
uscle are

1) Spontaneous nature of rhythm
icity and contractility of cardiac m

uscle.

2) 3-D
 netw

ork of Fibres of cardiac m
uscle appearing like syncytium

 under light

m
icroscope.

3) Single oval shaped nucleus at the centre of each cell.

V
isceral m

uscles:  T
hey are sm

ooth, involuntary and plain m
uscles of viscera.

V
isceral m

uscle fibres are sm
ooth and elongated. T

hey are fusiform
 w

ith

tapering tow
ards periphery. Fine longitudinal striations m

ay be found in

special preparation. T
hey contain one oval or rod shaped nucleus at the

centre of each cell.

N
ervous T

issue:
N

ervous tissue constitutes nervous system
. N

ervous tissue is excitable type tissue

receiving and transm
itting m

essages. It is com
posed of neurons. N

ervous

system
 is ectoderm

al in origin. T
here are three types of m

atters in nervous

tissue. T
hey are -

1) G
ray m

atter - form
ing nerve cells2) W

hite m
atter - form

ing nerve fibres

3) N
euroglia - holding nerve cells and fibres together and supporting them

.

H
istogenesis of nervous tissue:  N

ervous system
 develops from

 ectoderm
 and

neutral plate (also called m
edullary plate). M

edulloblasts give rise to neuroblasts

and spongioblasts. N
eural cells (N

euroblasts) pass through different stages to

give neurone. Spongioblasts are also called glial cells. Spongioblasts give raise

to neuroglia.

N
euron : N

euron is the basic functional and structural unit of nervous system
.

Parts of neurone are -

1) N
erve cell body (also called perikaryon or neurocyton or som

a)

2) N
erve fibres (also called processes of nerve cells)

N
erve cell body:  It is the part of neurone containing cell m

em
brane, neuroplasm

and nucleus. N
europlasm

 contains neurofibrils, nissl bodies, m
itochondria, golgi

apparatus. Superficial reticulum
 of golgi, ribosom

e, endoplasm
ic reticulum

,

centrosom
e and inclusions. N

eurofibrils are fine filam
ents passing through

neuroplasm
 from

 dendrites to axon. N
issl bodies are angular granules stained

w
ith basic dyes.

N
erve fibres: Tw

o types of nerve fibres (also called processes of nerve cell)

arise from
 nerve cell. T

hey are -

a) R
eceptive processes called dendrons (also called dendrites)

b) D
ischarging processes called axon.

D
endrites carry im

pulses from
 other neurons and carry them

 tow
ards nerv e

cell body. A
xon carries im

pulses aw
ay from

 nerve cell. A
xon consists of three

parts - axis cylinder, m
yelin sheath and neurolem

m
a. A

xis cylinder contains

axoplasm
, neurofibrils and m

itochondria. M
yelin sheath is absent over nerve

fibres w
ithin grey m

atter. It is present over nerve fibres after entering w
hite m

atter.

M
yelin sheath is also called m

edullary sheath. Fibres covered w
ith m

yelin sheath
1
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are called m
yelinated fibres and fibres not covered by m

yelin are called non

m
yelinated fibres. Function of m

yelin sheath is insulation of nerve fibre. N
odes of

R
anvier are points of absence of m

yelin in the m
yelinated fibres (m

edullated

fibres).  N
eurolem

m
a is the hom

ogeneous nucleated covering over som
atic and

autonom
ic nerve fibres outside C

.N
.S. M

yelinated fibres in brain and spinal

cord do not have neurolem
m

a.  N
euroglia is special type of interstitial tissue

giving support and insulation. T
hey are divided into- astrocytes, - oligodendrocytes

(or oligodendroglia) and m
icroglia.

Fibres of peripheral nerve trunks are divided into bundles. Individual fibres

are held together by loose connective tissue called endoneurium
. E

ach bundle is

covered by a sheath called perineurium
. E

pineurium
 is the tough enclosure of

w
hole nerve trunk.

Sum
m

ary

C
ell is the basic structural and functional unit of body. Types of cells of body are

som
atic cells and gonadal cells. Structure of cell contains cell w

all, cytoplasm

and nucleus. C
ytoplasm

 contains cytoplasm
ic organelles and cytoplasm

ic

inclusions. C
ytoplasm

ic organelles are endoplasm
ic reticulum

, m
itochondria,

lysosom
es, ribosom

es, centrosom
es etc. E

.R
. contains ribosom

es. R
ibosom

es

synthesise proteins. G
olgi apparatus has secretory and storage functions.

M
itochondria are pow

er houses of cell. Lysosom
es are digestive organs of cell.

C
entrosom

e is related w
ith cell division.

D
ifferentiation of cell m

ass starts w
ith form

ation of- E
ctoderm

, m
esoderm

and endoderm
.

T
issue is group of cells. D

ifferent types of tissues of body are E
pithelial

tissue, C
onnective tissue, M

uscular tissue and N
ervous tissue. E

pithelial tissue is

tw
o types - sim

ple and com
pound. C

onnective tissue is also called m
esenchym

al

tissue. T
here are several types of connective tissue. M

uscular tissue is three

types - Skeletal m
uscle, cardiac m

uscle, sm
ooth m

uscles. N
ervous tissue is m

ade

of neurons. E
ach neuron contains nerve cell, dendrites and axon.

E
ssay Q

uestions

1.
W

rite the structure of cell w
ith diagram

.

2.
E

xplain Properties of cell.

3.
C

lassify the tissues of hum
an body and w

rite about epithelial tissue.

4.
W

hat are different types of connective tissue? E
xplain m

yeloid tissue an d

osseous tissue.

5.
A

dd note on M
uscular tissue.

6.
D

iscuss in brief about nervous tissue. D
raw

 diagram
 of neuron.

Short A
nsw

er Q
uestions

1.
W

hat is cell?

2.
M

ention the properties of cell.

3.
E

xplain trilam
inar structure of cell w

all.

4.
L

ist out cytoplasm
ic organelles.

5.
E

xplain endoplasm
ic reticulum

.

6.
W

rite the functions of    a) Sm
ooth E

.R
. b) R

ough E
.R

.

7.
W

hat are the functions of G
olgi apparatus?

8.
W

rite about m
itochondria.

9.
W

hat are    a) Lysosom
es  and

b) R
ibosom

es ?

10.
W

rite about plasm
osin.

11.
W

rite about first evidence of differentiation of cellular m
ass.

12.
M

ention m
ajor classes of tissues of hum

an body.

13.
D

efine  a) Sim
ple epithelium

   b) C
om

pound epithelium

14.
D

escribe pavem
ent epithelium

.

15.
G

ive the distribution of pavem
ent epithelium

.

16.
W

rite the description and distribution of cuboidal epithelium
.

17.
W

rite about colum
nar epithelium

.

18.
M

ention the classes of com
pound epithelium

19.
W

rite the distribution of

2
0
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a) Transitional epithelium

b) Stratified squam
ous cornified epithelium

.

20.
W

rite the functions of

a) Stratified squam
ous non cornified epithelium

.

b) Stratified colum
nar epithelium

.

21.
W

hat are the types of cells found in areolar tissue?

22.
W

rite about w
hite fibrous tissue.

23.
E

xplain M
yeloid tissue.

24.
W

hat are different types of cartilaginous tissue?

25.
W

rite about R
eticuloendothelial tissue.

26.
W

hat are types of bone tissue.

27.
G

ive the T.S. of bone

28.
M

ention different types of m
uscular tissues.

29.
Explain

a) E
pim

ysium
     b) Perim

ysium
.    c) E

ndom
ysium

30.
D

efine
a) Sarcolem

m
a      b) Sarcoplasm

.

31.
D

ifferentiate betw
een skeletal and cardiac m

uscular tissues.

32.
W

rite about visceral m
uscles.

33.
W

hat is nervous tissue?

34.
W

rite different types of m
atters of nervous tissue.

35.
E

xplain H
istogenesis of nervous tissue.

36.
W

hat are parts of N
eurone?

37.
M

ention types of N
erve processes.

38. D
efine

a) R
eceptive processes of N

erve cell.

b) D
ischarging processes of N

erve cell.

39.
W

rite about Som
a.

40.
D

efine
a) M

yelinated nerve fibres.

b) N
on m

yelinated nerve fibres.

41.
Explain

a) E
ndoneurium

.
b) Perineurium

.
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3. D
IG

E
ST

IV
E

 SY
ST

E
M

 A
N

D
H

E
PA

T
O

 B
IL

IA
R

Y
 SY

ST
E

M
D

igestive system
 consists of gastrointestinal tract and various glands at-

tached.  L
ength of the tract is about 8-10 m

etres.  It starts w
ith m

outh and ends
w

ith anus.
V

arious parts of the D
igestive tract:

1) M
outh

2) Pharynx
3) O

esophagus
4) Stom

ach
5) Sm

all intestine
6) L

arge intestine
7) R

ectum
8) A

nus
Accessory organs of the
 digestive tract -
1) Teeth
2) T

hree pairs of salivary
 

glands
3) L

iver and biliary system
4) Pancreas

M
outh:It is the first part of the digestive tract.  It opens through upper and

low
er lips.  R

oof of the m
outh is called as palate.  It is dom

e shaped. Front part
of the roof is hard palate and  back part of the roof is soft palate.  W

alls of the
m

outh are form
ed by m

uscles
 of cheeks.  M

outh is lined by
 m

ucous m
em

brane.It is cont-
inuous w

ith skin of lips and
m

ucous lining of pharynx.
L

ips enclose orbicularis oris
m

uscle.
T

his m
uscle keeps the m

outh closed.
Pharyngeal tonsils are on either side
 at the back of oral cavity.  U

vula
hangs dow

n from
 low

er border of

soft palate.
Tongue:Tongue is at the base of the m

outh.  It is a  m
usculo-m

em
branous struc-

ture.  It consists of 1)Stratified and cornified epithelium
 2)V

oluntary, cross stri-
ated m

uscle fibres and 3)G
lands.E

pithelium
 of tongue is m

odified into papillae
and taste buds.  U

nder surface of the anterior part of tongue is connected to the
floor of the m

outh by frenulum
.  Frenulum

 is a fold of m
ucous m

em
brance.

Teeth:M
an is provided w

ith tw
o sets of teeth in his life.  First set is called as

D
eciduous teeth or prim

ary teeth.  T
hey are 10+

10 in num
ber.  T

hey erupt
through the gum

s during first and second years of life.  Second set strarts replac-
ing the first set at about sixth year and process is com

plete by tw
enty fifth year.

Second set rem
ains upto old age and is called as perm

anant  teeth.
Perm

anant teeth are 16+16 in num
ber.Four types of teeth are there.  T

hey are -
1)

Incisor teeth  (I)
2)

C
anine teeth  (C

)
3)

Prem
olar teeth(P)

4)
M

olar teeth     (M
)

upper teeth are attached to upper Jaw
 and L

ow
er teeth are attached to low

er
Jaw

.
A

rrangem
ent of perm

anat teeth :

M
P

C
I

R
ight upper jaw

3
2

1
2

R
ight low

er jaw
3

2
1

2
I

C
P

M
L

eft upper jaw
2

1
2

3
L

eft low
er jaw

2
1

2
3

Structure of tooth:
E

ach tooth consists of three parts.T
hey are

1)
R

oot
2)

N
eck

3)
C

row
n

R
oot is em

bedded in the alveolus of m
axilla or m

andible.  N
eck is the con-

stricted part betw
een root and crow

n.  C
row

n is the part projecting beyond the
gum

.
Tooth is com

posed of three substances. T
hey are -

1)
D

entine
2) E

nam
el

3) C
em

entum

O
ral C

avity

T
rachea

G
all B

ladder

B
ile D

uct
L

iver
D

uodenum
Pancreatic D

uct

A
scending C

olon

C
aecumA

ppendix

P
harynx

O
esophagus

 D
iaphragm

  Cardiac N
otch

Stom
ach

Bile D
uct

 Pancreas
   Transverse Colon

Sm
all Intestine

DescendingColon
Pelvic C

olon
R

ectum
A

nus
Fig. 3.1 Digestive system

U
vula

A
nterior &

H
ard Palate

P
osterior

Pillar of fauces

Tonsil

C
ircum

vallate
Papillae

Fungiform
Papillae

Soft Palate

Filiform
Papillae

Fig. 3.2 M
outh

2
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D
entine form

s m
ajor part of tooth.  E

nam
el is the outer covering of crow

n.  It is
the hardest substance.  C

em
entum

 is in the neck.  It is as hard as bone.

C
row

ns of Incisor teeth are chisel shaped.
C

row
ns of canine teeth are large and conical.

C
row

ns of prem
olar teeth are bicuspid and alm

ost circular.
C

row
ns of M

olar teeth are broad and tetra or penta cuspid.
Salivary glands:T

here are three pairs of salivary glands in the m
outh.  T

hey are
1)Parotid 2)Subm

andibular and 3) Sublingual glands.
1) Parotid glands:T

hey are the biggest salivary glands .O
ne gland is present

below
 each ear.  E

ach gland opens on inner side of cheek opposite to the sec-
ond upper m

olar teeth through its duct.  D
ucts of the parotid glands are called as

Stenson’s ducts.
2) Subm

andibular glands:T
hey are also called as Subm

axillary glands.  T
hey are

sm
aller than parotid glands.  O

ne on each side lies under the angle of Jaw
.  E

ach
subm

andibular gland has a duct called w
harton’s gland.  T

hey open near the m
id

line under the tongue.
3) Sublingual glands:

T
hey are the sm

allest salivary glands.  T
hey lie under the

tongue.  T
hey pour their secretions in to the m

outh through several openings.
Pharynx:

Pharynx lies betw
een m

outh and
O

esophagus.ropharynx .It is divided  into
1)N

aso pharynx 2)O
ropharynx  and

3)L
aryngopharynx.It serves com

m
only for

both digestive and respiratory system
s.B

ase
of the skull form

s its roof.T
here lies a lym

ph
node called adenoid at the back of nasophar-
ynx.
O

esophagus:It is m
uscular tube extending

betw
een pharynx and stom

ach.

T
rachea and vertebral colum

n lie in the front and back of oesophasus respec-
tively.  It lies in both thoracic and abdom

inal cavities.  It passes from
 thoracic

cavity into abdom
inal cavity through oesophagal opening of the diaphragm

.  O
n

the each side of upper part of oesophagus, are present-corresponding com
m

on
carotid artery and part of thyroid gland.O

esophagus begins at the level of 6th
vertebra, enters the abdom

en at the level of tenth thoracic vertebra and ends at
the level of 11th thoracic vertebra.

C
ross section of oesophagus show

s sim
ilar structure as rem

ainder
of alim

entary canal.  It show
s the follow

ing layers.
1)

M
uscular coat

2)Subm
ucous coat 3)M

ucous coat
 It is devoid of Serosa. U

pper one third of oesophagus consists of striated m
uscles.

L
ow

er one third contains sm
ooth m

uscles and m
iddle one third contains both

types of m
uscles.

Stom
ach:

Stom
ach is the m

ost dilated part of digestive tract.  It is J shaped.  It
is situated betw

een the end of the oesophagus and begining of the sm
all intestine.

It lies below
 the diaphragm

 in the abdom
inal cavity.Its m

ajor part is to the left  of
the m

id line.It distends w
hen it is filled w

ith food.  A
verage capacity of stom

ach
is 1.5 L

 in an adult.Stom
ach has tw

o surfaces,tw
o curvatures tw

o ends,three
parts and tw

o sphincters.T
hey are as follow

s.
T

he tw
o surfaces of stom

ach are-
1) A

nterior surface 2) Posterior surface.
Tw

o curvatures are-
1) L

esser curvature
2)G

reater curvature.
T

hree parts of stom
ach are -

1)
Fundus (upper portion) - above
the cardiac sphincter

2)
B

ody (m
iddle portion) - betw

een
fundus and pylorus.

3)
Pylorus (low

er portion) - below
incisura angularis.Pylorus is
subdivided into pyloric antrtum
and pyloric canal.

Tw
o ends of stom

ach are-
1) C

ardiac end guarded by cardiac  sphincter.
2) Pyloric end guarded by  pyloric sphincter.
Tw

o sphincters of  stom
ach are-

1) C
ardiac sphincter (at the begining).

2) Pyloric sphincter (at the ending)

E
nam

el

D
entine

G
ingival Sulcus

Pulp
Cem

entum
Peridental M

em
brane

Stratified Squam
ous Epithelium

Bone of Alveolar Process

Periosteum

C
row

n

N
e

ck

R
oot

Fig. 3.3   S
tructure of tooth

P
arotid

Subm
axillary

S
u

b
lin

g
u

a
lFig. 3.4 S

alivary glands

F
undus

M
ucous coat

M
uscular coat

Serous coat
Folds in the m

ucus
m

em
brane coat

G
reater curvature

O
e

so
p

h
a

g
u

s
C

ardiac sphincter

Lesser C
urvature

P
yloric sphincter

D
uodenum

P
ylo

ru
sFig. 3.5  S

tom
ach
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H
istologically, it show

s
1) O

uter serous coat, w
hich is the

visceral layer of peritoneum
.

2) M
uscular coat m

ade of three lay-
ers consisting of longitudinal, circu-
lar 

and 
oblique 

unstripped
m

usclefibres.
3)Subm

ucous layer m
ade of loose

areolar tissue
4) M

ucousm
em

brane containing
num

erous folds called as rugae.

Sm
all intestine:It is a coiled tubular structure about 6 m

etres long.  It extends
from

 pyloricsphincter to its junction w
ith large intestine at the ileo-caecal valve.

It lies w
ithin the curves of large intastine in the central and low

er parts of ab-
dom

inal cavity.

It is divided into three parts.  T
hey are- 1) D

uodenum
2) Jejunum

3) Ileum

D
uodenum

: It is the first part of sm
all

intestine.  It is  C
 shaped.  D

uct from
gall bladder, bile duct and pranereatic
duct open into duodenum

 through the
hepato-panereatic 

am
pulla.

H
epatopancreatic am

pulla is guarded
by a sphincter like m

uscle.  H
ead of

the panereas lies in the curve of duode-
num

.

Jejunum
: Jejunum

 is the upper tw
o fifth part of rem

ainder of the sm
all intestine.  It

lies in betw
een duodenum

 and ileum
.  It is bound behind by a fold of peritoneum

called m
esentery w

hich carries blood vessels, autonom
ic nerves and lym

phatics
to jujunum

.  It has several glands.
Ileum

:It is the distal three fifth of long and coiled up sm
all intestine.  it extends

betw
een Jejunum

 and caecum
 (begining of large intestine).  T

here are num
ber of

peyer’s patches in ileum
.  T

hey are m
inute lym

phoid structures. Ileum
 has sim

ilar
structure as Jejunum

 but m
ore villi.  Illeum

 also contains digestive glands.  B
ut

they are less than in the jejunum
.

Structure of sm
all intestine : It contains four layers sim

ilarly as the rem
ainder o f

alim
entary tract.  T

hey are -
1)

Serous coat, form
ed of peritoneum

 (Serosa)
2)

M
uscular coat w

ith a thin external layer of longitudinal fibre s
and a thick internal layer of circular fibres.(M

useularis externa).
3)

Subm
ucouscoat containing blood vessels, lym

ph vessels and
nerves (subm

ucosa).  It contains B
runner glands.

4)
M

ucousm
em

brance(M
uscularis interna/M

uscularis m
ucosa)

Structure of sm
all intestine contains goblet cells in addition to villi.  T

hey produce
m

ucus.
L

ining of the m
ucous m

em
brance has the follow

ing three features.  T
hey are-

1)
M

ucous m
em

brane contains circular folds.  U
nlike the rugae of

the stom
ach, they are perm

enant.  T
hey enhance the surface area available for

absorption.
2)

It contains fine hair like projections called villi, each contins a
lym

ph vessel called lacteal and blood vessels.
3)

It is supplied w
ith glands of sim

ple, tubular type.  T
hey secrete

intestinal juice.
Sm

all intensine contains lym
phoid tissue consideribly.  M

ucous m
em

brane con-
tains solitary lym

phatic follicles.  T
hey are m

ost num
erous in the low

er part of
ileum

.
L

arge intestine:Ileum
 of the sm

all intestine m
erges into large intestine.  T

here is
ileocaecalvalve at the junction of ileum

 and large intestine.  C
olonm

easurs about
1.5 m

etres in length.
L

arge intestine consists of follow
ing parts.  T

hey are
1)

C
aecum

.
2)

V
erm

iform
 appendix.

3)
A

seending colon.
4)

Transverse colon.
5)

D
escending colon.

6)
Sigm

oid colon.
1)C

aecum
:

It is a short rounded sac.  It lies in the right iliac fossa.  It begins at
the ileoeacealvalve w

here ileum
 and caecum

 join.  It is continuous w
ith ascend-

ing colon.
2)V

erm
iform

 appendix: It springs out from
 caecum

 at about an inch from
 ileocaea l

value.  L
um

en of the appendix com
m

unicates w
ith that of caecum

.  It contains
sam

e four layers as intestine but the subm
ucous layer contains lym

phoid tissue.

S
erosa

Longitudinal Layers O
f

M
uscles C

ircularly
R

unning M
uscles

S
ub-m

ucosa
M

uscularis M
ucosa

B
runner’s G

lands

G
astric G

lands

M
ucosa

R
ugae/gastric F

olds

Fig. 3.6
H

istology of stom
ach

Fig. 3.7 D
uodenum pancreas
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It is a vestegeal organ in hum
an body.

3)A
scending colon: It ascends upw

ards from
 crecum

 and infront of right kidney.
It turns to left below

 the liver.  It form
s into transverse colon.

4)Transverse colon:It lies transversely below
 the stom

ach.  It is suspended from
its ow

n m
esertery from

 the posterior abdom
inal w

all.  It extends to the left and
m

erges w
ith descending colon at the low

er surface of spleen.  It extends be-
tw

een the low
er surfaces of liver and spleen.

5)D
escending colon: It is situated vertically

 on the left side of abdom
en.  It extends from

 transverse colon and m
erges w

ith sigm
oid

 colon.
6)Sigm

oid colon:  It lies in the pelvis.  H
ence

 it is also called as pelvic colon.  It is situated
 at the left. It form

s loops.  It has a m
esentery

 of its ow
n.  It continues below

 w
ith rectum

.

Structure of large intestine:
L

arge intestine has the sam
e structure as sm

alll
intestine.  D

ifference is - longitudinal m
uscles

are arranged in three bands. M
ucous m

em
-

brane does not contain villi.
R

ectum
: It is a straight tube lying in low

er posterior part of pelvic region.  It is
12 cm

 long extends from
 sigm

oid colon to analcanal.  It is situated behind urinary
bladder, prostate and sem

inal vesicles in m
ale and behind uterus and vagina in

fem
ales.  It lies as a straight tube on the inside of sacrum

 and coccyx.  M
ucous

coat of rectum
 has longitudinal and transverse folds.  L

ow
er portion of rectum

 is
called as rectal am

pulla.  R
ectal am

pulla is a dilated part.
A

nus:R
ectum

 ends in anus.  It is about 1 inch long.  It is a sm
all canal guarded

by tw
o sphincters.  Internal sphincter is involuntary and external sphincter is

voluntary.
P

eritoneum
:

Peritoneum
 is a serous m

em
brane.  In m

ales it is a closed sac lining the abdo-
m

en.  In fem
ales, free ends of uterine tubes open into peritoneal cavity.

Peritoneum
 consists of tw

o layers.  T
hey are

1)
Parietal layer lining the w

alls of abdom
inal cavity.

2)
V

isceral layer covering the abdom
inal organs.

Peritonial cavity: It is the space betw
een parietal and visceral layers of perito-

neum
.

O
m

enta:
Folds of the pritoneum

 connected to stom
ach are called as om

enta
O

m
enta are divided into -

1)
G

reater om
entum

2)
L

esser om
entum

G
reater om

entum
 hangs from

 low
er border of stom

ach to the front surface o f
sm

all intestine.  L
esser om

entum
 extends from

 low
er border of liver to the lesser

curvature of stom
ach.

M
esentery:

M
esentery is the fold of peritoneum

 w
hich attaches different parts

of sm
all intestine to the posterior abdom

inal w
ill.  B

lood  vessels, nerves and
lym

phatics enter the intestines through m
esentery.

P
elvic peritoneum

:Part of the peritoneum
 lying in the pelvic region is called as

pelvic peritoneum
.

P
eritoneal ligm

em
ts:

Folds of the peritoneum
 connecting organs like liver,

uterus etc to the posterior part of abdom
inal w

all are called as peritoneal liga-
m

ents.
P

ouch of D
ouglas:Sac of peritoneum

 betw
een rectum

 and uterus is called as
pouch of D

ouglas.
R

egions of abdom
en: A

bdom
en is divided into nine regions.

1)
R

ight hypchondrium
2) E

pigastrium
3)

L
eft hypochondrium

4) R
ight lum

bar region
5)

U
m

bilical region
6) L

eft lum
bar region

7)
R

ight iliac fossa.
8) H

ypo gastrium
9)

L
eft iliac fossa.

A
ccessary organs of digestive system

:
Teeth and salivary glands are covered under m

outh.
L

iver: L
iver is the largest organ in abdom

en.  It is the largest gland in the body.
It is situated in the upper right part of abdom

inal equity.  It occupies alm
ost entire

hypochondrium
.  It lies below

 the diaphragm
 under the cover of low

er ribs.
L

obes of liver:Falciform
 ligam

ent divides it into tw
o lobes.  T

hey are-
1)

R
ight lobe

2)
L

eft lobe
R

ight lobe of the lies over the right colic flexure and right kidney.  L
eft lobe lies

over stom
ach.  R

ight lobe is bigger than left lobe.  O
n the inferior surface tw

o
bands are present.T

hey subdivide liver into four com
partm

ents.
1)

R
ight lobe

2)L
eft lobe

3)
Q

uadrate lobe
4)C

audate lobe.

1. Transverse colon
2. D

escending colon
3. Pelvic colon

4. C
aecum

5. Ascending colon
6. Appendix

Fig. 3.8  Parts of large intestine
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L
obules of liver:L

iver consists of large num
ber of hepatic lobules. T

hey
are hexagonal in shape.  D

iam
eter of each lobule is about 1 m

m
.  E

ach lobule has
a sm

all central intra lobular vein, w
hich is a tributary of a hepaticvein.

Portal canals are present around the edges of lobules.  E
ach portal canal

contains
1)

Inter lobular vein.
2) a branch of hepatic artery and

3)
a sm

all bile duct.
T

hese three structures together are called as portal triad.
L

obules consist of liver cells. T
hese cells are large cells.  L

iver cells are arranged
in sheets of one cell thickness.T

hey are called as hepatic lam
inae.  Spaces be-

tw
een lam

inae contain sm
all veins w

ith m
any anastom

oses and sm
all bile ducts

called canaliculi.
Surfaces of liver:

1)
Superior surface.

2)
Inferior surface.

3)
A

nterior surface.
4)

Posterior surface.
 - Superior surface of liver is in contact w

ith inferior surface of diaphragram
.

 - Inferior surface faces abdom
inal viscera.

 - A
nterior surface is separated from

 ribs and costal cartilages by diaphragm

 - Posterior surface lies infront of vertebral colum
n, aorta, inferior venacavae

and low
er end of oesophagus.

B
lood supply:H

epatic artery and portal vein carry blood to liver.  H
epatic artery

supplies oxygenated blood to liver.  It is a branch of coeliac plexus.  It inturn
araises from

 abdom
inal aorta.  Portal vein brings blood to liver from

 stom
ach,

spleen and intestines.  It divides into inter lobular veins.  T
hey subdivide and

finally form
 central veins. O

ne central vein lies in centre of each lobule.  T
hese

central veins unite to form
 sublobular veins.  Sublobular veins unite to form

 he-

patic veins.  T
hese hepatic veins join w

ith inferior venacava and drain im
pure

blood of liver into inferior venacava.
B

iliary system
:B

iliary system
 consists of-

1) C
om

m
on hepaticduct form

ed by the union of right and left hepatic ducts from
liver.
2) G

all bladder
3) C

ystic duct from
 gall bladder

4) C
om

m
on  bile duct form

ed by union of com
m

on hepetic duct and cystic duct.

G
all bladder:G

all bladder is a pear shaped organ situated at the under surface of
right lobe of liver.
It consists of three parts.

1)
Fundus.

2) B
ody

3) N
eck

L
ayers of gall bladder: It consists of three layers.  T

hey are-
1)

O
uter serous coat.

2)
M

iddle m
uscular coat

3)
Inner m

ucous coat.
P

ancreas:
Pancreas is a soft grey ish pink coloured gland.  It is about 12 to 15

cm
 long.  It lies transversely across the posterior abdom

inal w
all behind the

stom
ach.

Pancreas has three parts.
1)

H
ead

2) B
ody and

3) Tail.
H

ead of the pancreas lies w
ithin the curve of duodenum

.  Tail ex-
tends as for as the spleen.  B

ody lies betw
een H

ead and tail.  Pancreatic duct lies
w

ithin the organ.  Pancreatic duct joins bile duct at the head of the pancreas and
open together into duodenum

 at heptopancreatic am
pulla.

Pancreas is com
posed of lobules.  E

ach consists of  tiny vessel.  A
ll

these tiny vessels lead to the m
ain duct and end in num

ber of alveoli.  A
lveoli

lined w
ith cells secrete the enzym

es trypsinogen, am
ylase and lipase.  C

ollec-
tions of cells called as Islets of langerhans are present in betw

een the alveoli.
A

lpha cells constitute 25 percent of total num
ber of Islets and beta cells consti-

tute 75 percent of the total num
ber of Islets.
Sum

m
ary

D
igestive system

 consists of G
astrointestinal tract and various glands attached.

T
hey are m

outh, pharynx, oesophagus, stom
ach, sm

all intestine, large intestine,
rectum

 and anus.  T
hese are concerned w

ith functions like Ingestion, deglutition,

R
ight lobe

G
all-bladder
B

ile duct

O
pening of

the com
m

on
bile duct

D
uodenum

L
eft lobe

Falciform
 ligam

ent

C
ystic duct

H
epatic duct

Pancreas
Pancreatic duct

Jejunum

Fig. 3.9  Lobes of liver
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absorption and excretion.  A
ccessory organs are teeth, salivary glands, liver and

biliary system
, pancreas etc.E

ssay Q
uestions

1)
D

efine D
igestive system

.  W
hat are the various parts? D

escribe anatom
y of m

outh.
2)

D
escribe the anatom

y of pharynx and oesophagus.  D
raw

 the diagram
s.

3)
W

rite the anatom
y of stom

ach.  D
raw

 the diagram
 and label.

4)
W

hat are different parts of sm
all intestine? E

xplain their anatom
y w

ith fig-
ures w

herever required.
5)

W
rite the anatom

y of large intestine. D
raw

 the figure and label.
6)

E
xplain the anatom

y of liver.  D
raw

 figure.
7)

E
xplain gall bladder and pancreas.

Short answ
er questions

1)
L

ist the m
ain parts of D

iagestive system
.

2)
M

ention different accessory organs of diagestive system
.

3)
W

hat are the tw
o sets of teeth?

4)
M

ention the types of perm
anant teeth.

5)
W

rite the arrangem
ent of perm

anant teeth.
6)

W
hat are the parts of a tooth?

7)
M

ention the com
ponents of tooth.

8)
H

ow
m

any pairs of salivary glands are there?W
hat are they?

9)
W

rite the locations of salivary glands.
10)

N
am

e the ducts of
a)parotid glands
b)Subm

andibular glands.
11)

M
ention different parts of pharynx.

12)
W

hat are the layers in the cross section of oesophagus?
13)

M
ention various parts of stom

ach.
14)

W
hat are the surfaces of stom

ach?
15)

N
am

e the cuvatures of stom
ach.

16)
W

rite the nam
es of sphincters of stom

ach.
17)

L
ist the layers of stom

ach.
18)

M
ention the parts of sm

all intestine.
19)

W
hat are the layers in the structure of sm

all intestine?
20)

D
efine a)R

ugae
b)V

illi
21)

W
rite about verm

iform
 appendix.

22)
W

hat are the lobes of liver w
hen view

ed from
 the inferior surface of liver?

23)
W

hat is a portal triad?
24)

D
efine

a)L
am

inae
b) C

analiculi
25)

N
am

e the surfaces of liver.
26)

W
rite the parts of B

iliary system
?

27)
W

here is G
all bladder situated? W

hat are its parts?
28)

N
am

e the layers of gall bladder.
29)

M
ention the locations of parts of pancreas.

30)
W

hat are islets of langerhans?
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4.  R
E

SP
IR

A
T

O
R

Y
 SY

ST
E

M
D

efinition : It is the system
 consisting of parts concenred w

ith inhalation and

exhalation.

R
espiration : R

espiration is defined as the process of gaseous exchange betw
een

body tissues and external environm
ent.

P
arts of the respiratory system

:

1. N
ose

2. Pharynx

3. L
arynx

4. T
rachea

T
hey lead to the lungs.

            5. B
ronchi

6. B
ronchioles

7. A
lveolar ducts

8. A
lveoli

T
hey are w

ithin the lungs.

U
pper respiratory tract extends from

 upper nares to the vocal cord. L
ow

er

respiratory tract extends from
 vocal cord to the alveoli

1. N
ose : It is the part of respiratory system

 through w
hich A

ir is inhaled in and

exhaled out.

E
xternal nose: It is the visible part of  nose. It is form

ed by the tw
o nasal bones

and cartilage. It is covered by skin. T
here are hairs inside.

N
asal C

avity : It is a large cavity divided by a septum
. It is lined w

ith ciliated

m
ucous m

em
brane. It is extrem

ely vascular.

A
nterior nares: T

hey are the openings w
hich lead in.

Poserior nares: T
hey are sim

ilar openings at the back and lead into pharynx.

R
oof :  R

oof of the nose is form
ed by ethm

oid bone at the base of the skull.

Floor: Floor of the nose is form
ed by the hard and soft palates at the roof of the

m
outh.

Paranasal sinuses:  T
hey are the hollow

s in the bones surrrounding the nasal

cavity, w
hich are lined w

ith m
ucous m

em
brane and open into nasal cavity. M

axillary

sinus lies below
 the orbit and opens through the lateral w

all of the nose.

Frontal sinus lies above the orbit tow
ards the m

idline of the frontal bone. E
thm

oidal

sinuses are contained w
ith in the part of the ethm

oid bone separating the orbit

from
 the nose. T

hey are num
erous .

Sphenoidal sinus lies in the body of the sphenoid bone.

2. P
harynx lies betw

een N
asal cavity and larynx.

Pharynx is divided into three parts. T
hey are.

1) N
aso pharynx2) O

ro pharynx&
  3)L

aryngo pharynx

N
aso pharynx lies betw

een nasal cavity and oro pharynx.It is lined w
ith ciliated

m
ucous m

em
brane w

hich is continuous w
ith lining of the nose. O

ro pharynx lies

in betw
een N

aso pharynx and laryngopharynx. Its lateral w
all contains collections

of lym
phoid tissue called tonsils. L

aryngopharynx is the low
est part of pharynx.

It lies behind larynx.

3. L
arynx: It lies below

 pharynx and above trachea. It is continuous w
ith

oropharynx. M
uscles of the neck lie infront of larynx. L

aryngopharynx and cervical

vertebrae lie behind larynx. L
obes of thyroid gland lie on the either side of larynx.

L
arynx is com

posed of several cartilages. T
hey are joined together by ligam

ents

and m
em

branes.

C
artilages of L

arynx are-

1) T
hyroid cartilage.

2) C
ricoid cartilage.

3) A
rytenoid cartilages.4) E

piglottis

T
hyroid cartilage:  T

hyroid cartilage is form
ed w

ith tw
o flat pieces of cartilage. It

B
ronchi

S
phenoid (air) sinus

P
harynx (throat cavity)

O
esophagus
T

rachea
L

u
n

g

F
rontal sinus

N
asal turbinates

N
asal cavity

E
piglottis

V
ocal cleft

T
hyroid cartilageFig. 4.1  R

espiratory system
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is the largest upper part. T
hyroid cartilage is lined w

ith stratified epithelium
. L

ow
er

part is lined w
ith ciliated epithelium

.

C
ricoid cartilage: It lies below

 the thyroid cartilage. Its shape is like signet ring. It

is broad at the back. It is lined w
ith ciliated epithelium

.

A
rytenoid cartilages: T

hey are a pair of sm
nall pyram

ids. T
hey are m

ade of

hyaline cartilage. T
hey are located on the broad portion of cricoid cartilage.

V
ocal ligam

ents are attached to them
. C

hink is the gap betw
een vocal ligam

ents.

E
piglottis: E

piglottis is a leaf shaped cartilage. It is attached to the inside of the

front w
all of thyroid cartilage. D

uring sw
allow

ing, larynx m
oves upw

ards and

forw
ard and its opening is occluded by epiglottis.

4) Trachea :  It is also called as w
ind pipe. It is a cylindrical tube. It is about 11

cm
. in length. It begins at the low

er end of pharynx. It divides into tw
o bronchi at

the level of fifth thoracic vertebra. It is m
ade of sixteen to tw

enty C
-shaped

incom
plete cartilages. T

hey are connected by fibrous tissue at the back. It is

lined by ciliated epithelium
. C

iliated epithelium
 contains goblet cells w

hich secrete

m
ucus.

5) B
ronchi : T

rachea divide into right and left bronchi. T
rachea and bronchi,

com
binedly are inverted Y

 shaped. R
ight bronchus leads into right lung and left

bronchus leads into left lung. R
ight bronchus is shorter than left bronchus. It is

also w
ider. B

ronchi are m
ade up of com

plete rings of cartilage.

6) B
ronchioles: B

ronchioles are the finest branches of bronchi. T
hey do not

have cartilage. T
hey are lined by cuboidal epithelium

. B
ronchioles becom

e further

sm
aller to form

 term
inal bronchioles. Term

inal bronchioles are a single layer of

flattened epithelial cells.

7) A
lveolarducts : Term

inal bronchioles divide repeatedly to form
 m

inute

passages. T
hese m

inute passages are called alveolar ducts. A
lveolar sacs and

alveoli open from
 alveolar ducts.

8) A
lveoli: A

lveoli are the final term
inations of each bonchi. T

hey cotain a thin

layer of epithelial cells. T
hey are surrounded by num

erous capillaries. C
apillary

netw
ork is the site of exchange of gases betw

een blood and air in the alveoli.

L
ungs:  L

ungs are the principal organs concerned w
ith repiratory process. T

hey

are tw
o in num

ber. T
hey are spongy organs. T

hey lie in the thoracic cavity on

either side of heart and great vessels. T
hey extend form

 roof of the neck to the

diaphragm
. R

ibs, costal cartilages and intercostal m
uscles lie in front of lungs.

B
ehind them

-ribs, intercostal m
uscles and transverse processes of thoracic

vertebrae lie. M
ediastinum

 is a block of tissue in betw
een the tw

o lungs. W
ith in

m
ediastinum

 lie-H
eart, great vessels, trachea, oesophagus, thoracic duct and

thym
us gland.

L
ungs are conical in shape w

ith apex above and base below
. A

 pex slightly rises

over the clavicle. B
ase is near the diaphragm

. E
ach lung is divided into lobes by

m
eans of fissures. R

ight lung is bigger than left lung. R
ight lung is divided into

three lobes. L
eft lung is divided into tw

o lobes. E
ach lobe is divided into num

ber

of lobules. E
ach lobe contains a sm

all bronchial tube. T
his tube divides and sub

divides to end in air sacs.

Pleura is a serous m
em

brane covering the lungs. It contains tw
o layers. Inner

layer close to the lungs is called as visceral layer. O
uter layer is called as parietal

layer. Pleural fluid lies in the space betw
een visceral and parietal layers.

H
ilum

 is a triangular shaped depression on the concave m
edial surface of the

lung. It is a vertical slit on each lung through w
hich structures like blood vessels,

nerves and lym
phatics pass. R

oot of the lungs (H
ilum

) is form
ed by pulm

onary

arteries, pulm
onary veins, bronchial arteries, bronchial veins, bronchi, lym

phatic

vessels. Pulm
onary arteries carry deoxygenated blood to lungs from

 heart.

Pulm
onary veins carry oxygenated blood from

 lungs to the heart. B
ronchial arteries

are the branches of thoracic aorta carrying arterial blood to lungs. B
ronchial

veins are the vessels carrying venous blood of lungs to superior venacava.

R
espiratory m

uscles:Intercostal m
uscles and diaphram

 are respiratory m
uscles.

H
ow

ever, during forced respiration sternocleidom
astoid, scalenie, m

ylohyoid,

platysm
a and abdom

inal m
uscles also participate.
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Intercostal m
uscles: T

hey are tw
o series of m

uscles. T
hus they are 11 pairs.

T
hey are external intercostal m

uscles and internal intercostal m
uscles. T

hey are

innervated by intercostal nerves.

D
iapharagm

 :  It is a large dom
e shaped sheath of m

uscle. It separates thoracic

cavity from
 abdom

inal cavity. It is innervated by phrenic nerve on each side.

Sum
m

ary

R
espiratory system

 is system
 consisting of parts related w

ith respiration.

Parts of respiratory system
 are -N

ose, pharynx, larynx, trachea, bronchi,

bronchioles, alveolar ducts and alveoli. A
lveoli are the ultim

ate sites of gaseous

exchange. L
ungs are tw

o in num
ber. R

ight lung is divided into three lobes. L
eft

lung is divided into tw
o lobes. E

ach lobe is divided into lobules. Pleura is serous

m
em

brane covering lungs. H
ilum

 on each lung is depression through w
hich blood

vessels, nerves, lym
phatics etc. pass.

E
ssay Q

uestions

1) W
rite the anatom

y of respiratory system
.

Short A
nsw

er Q
uestions

1) W
hat are the parts of respiratory system

, w
hich lead into lungs?

2) N
am

e the parts of respiratory system
 w

hich lie w
ithin lungs.

3) M
ention the parts of nose.

4) W
hat are the parts of pharynx?

5) N
am

e the cartilages of larynx.

6) E
xplain trachea.

7) W
hat are a) B

ronchi   b) B
ronchioles?

8) W
rite about alveoli.
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5.  C
A

R
D

IO
 V

A
SC

U
L

A
R

 SY
ST

E
M

C
ardiovascular system

 consists of H
eart and V

ascular system
. It is w

ell

organised blood transport system
 of body. H

eart is the central pum
ping organ.

B
lood vessels constituting vascular system

 are arteries, arterioles, capillaries,

venules and veins.

A
natom

y of H
eart

H
eart lies on the left upper part of thoracic cavity. It lies betw

een the tw
o lungs

under sternum
. It is broad above and conical below

.

H
istology of H

eart :  H
eart consists of three layers.T

hey are-

1) Pericardium
 - outerm

ost layer consisting of
a) V

isceral pericardium
 b)

Parietal pericardium

2) M
yocardium

 - M
iddle layer m

ade of cardiac m
uscle cells and interstitial cells.

3) E
ndocardium

 - Innerm
ost layer.

Pericardium
 form

s bag like structure betw
een visceral and parietal layers

containing pericardial fluid.

C
ham

bers of H
eart :  H

eart has four cham
bers. Tw

o of them
 are upper cham

bers

called atria or auricles. L
ow

er tw
o cham

bers are called ventricles. T
he tw

o atria

are separated by interatrial septum
.T

he tw
o ventricles are separaed by

interventricular septum
.

A
tria are filling cham

bers and ventricles are pum
ping cham

bers. C
om

pared to

artia, ventricles are thicker since they are pum
ping cham

bers. O
f the tw

o

ventricles, w
all of left ventricle is three tim

es thicker than that of right ventricle

since left ventricle pum
ps oxygenated blood to all parts of body and right ventricle

pum
ps deoxygenated blood to lungs only.

V
alves of H

eart :  O
pening betw

een right artium
 and right ventricle is guarded by

tricuspid valve.  It prevents back entry of blood into right atrium
 from

 right ventricle

at the beginning of ventricular systole. O
pening betw

een left atrium
 and left

ventricle is guarded by bicuspid or m
itral valve. It prevents back entry of blood

into left atrium
 at the beginning of ventricular systole - Pulm

onary trunk is guarded

by tricuspid sem
ilunar valve w

hich prevents back flow
 into right ventricle at the

begining of ventricular diastole. A
orta has tricuspid sem

ilunar valve w
hich prevents

back flow
 of blood into left ventricle at the begining of ventricular diastole.

C
hordae tendinae and papillary m

uscles:Papillary m
uscles arise from

 ventricular

w
alls. C

hordae tendinae attach apical end of valves and papillary m
uscles. T

hey

prevent over distension of valves during diastole.

B
lood vessels attached to heart:B

lood vessels attached to heart are -

1) Superior and inferior venacavae - carrying deoxygenated blood from
 parts of

body to right atrium
.

2) Pulm
onary artery carrying venous blood to lungs from

 right ventricle.

3) Pulm
onary veins carrying oxygenated blood from

 lungs to the left atrium
 o f

heart.

4) A
orta carrying oxygenated blood to all parts of body from

 left ventricle of

heart.

T
rachea

Left com
m

on carotid artery

Left Internal jugular vein

Left subclavian artery
Left subclavian vein

A
rch

 o
f a

o
rta

P
ulm

onary trunk

L
e

ft a
u

ricu
la

r
a

p
p

e
n

d
a

g
e

L
e

ft ve
n

tricle

L
e

ft lu
n

g

D
escending

b
ra

n
ch

 o
f le

ft
co

ro
n

a
ry a

rte
ry

A
p

e
x o

f h
e

a
rt

D
iaphragm

C
ut edge of

pericardium

Inferior
vena cava

R
ight ventricle

R
ight coronary

a
rte

ry

B
ronchial tube

R
ight com

m
on carotid artery

R
ight internal jugular vein

R
ight subclavian artery

R
ight subclavian vein

B
rachiocephalic

(Innom
inate) vein

P
ulm

onary artery

S
uperior vena cava
P

ulm
onary vein

R
ight auricular

a
p

p
e

n
d

a
g

e

R
ight artium

R
ight lung

C
ut edge of pleura

Fig. 5.1 H
eart
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B
lood vessels supplying oxygenated blood to heart :R

ight and left coronary arteries

arising from
 A

orta supply oxygenated blood to heart.

B
lood vessels draining heart : C

oronary veins bring deoxygenated blood of heart

into coronary sinus, w
hich opens directly into right atrium

.

D
uctus arteriosus : D

uctus arteriosus is the vestigeal rem
nant of cord like structure

w
hich existed in foetal life betw

een arch of aorta and pulm
onary trunk. In foetal

life, it bypasses pulm
onary circulation.  A

fter birth, it closes, becom
es obsolete

and atrophies.

Septum
 ovale :  It is crescenteric m

ark on interatrial setpum
. It is closed foram

en

ovale that existed in foetus.

Foram
en ovale : It is the opening in interatrial septum

 in foetal life. It avoids

blood entry into lungs in foetal life. A
fter birth, it closes and form

s septum
 ovale.

C
ardiac centres : 1) C

ardio inhibitory centre is dorsal m
otor nucleus of vagus in

m
edulla.

2) C
ardio accelerator centre is situated in lateral horn cells of upper thoracic

segm
ents of spinal cord.

N
erve supply to heart :  Sym

pathetic and vagus nerves supply heart.

C
onducting system

 of heart:

System
 of conducting im

pulses of cardiac contraction consist of-

1) Sinoatrial node (SA
 node)2) A

trioventricular node (A
V

 node)3) B
undle of

H
is.4) R

ight and left branches of bundle of H
is.5) Purkinje fibres.

SA
 node : It is present at the opening of superior venacava into right atrium

. It is

called pacem
aker of heart. It is m

ade of m
odified cardiac m

uscle fibres. It

m
easures about 5x20 m

m
.

A
V

 node: It is present in the right atrium
 at the posterior part of inter atrial septum

.

It is close to the opening of coronary sinus. C
ells of A

V
 node are cardiac m

uscle

fibres having a few
 m

yofibrils.It m
easures about 2x5 m

m
.

B
undle of H

is :  M
ain trunk of bundle of H

is is continuous w
ith A

V
 node. It

passes through interventricular septum
. It is about 20 m

m
 long.

R
ight and left branches of bundle of H

is :  B
undle of H

is divides into right and left

branches. R
ight branch is longer than left branch. L

eft branch bifurcates into

superior and inferior divisions.

Purkinje fibres :  T
hey arise from

 brnaches of bundles of H
is. T

hey spread from

interventricular septum
 directly to papillary m

uscle and ultim
ately end in sub

endocardial netw
ork.Purkinje fibres have larger diam

eter than ordinary cardiac

m
uscle fibres. Purkinje fibres have diam

eter of 50-70 µ w
here as cardiac m

uscle

fibres have diam
eter of about 15 µ .

A
natom

y of V
ascular system

B
lood vessels constitute vascular system

. T
here are tw

o types of blood vessels

m
ainly. T

hey are arteries and veins. A
rteries subdivide into arterioles. A

rterioles

end in capillaries.  C
apillaries are single layered thin vessels. C

apillaries unite to

form
 venules. V

enules unite to form
 veins. A

rteries are the vessels carrying

oxygenated blood to tissues (except pulm
onary arteries). V

eins are the vessels

carrying dexoygenated blood (except pulm
onary veins).

H
istology of A

rteries and V
eins :A

rteries and veins consist of three layers

1) T
unica externa - outer layer m

ade of fibrous tissue and elastic tissue and also

called tunica adventitia.

2) T
unica m

edia - m
iddle layer of plain m

uscles and netw
ork of elastic fibres.

3) T
unica interna - innerm

ost layer m
ade of endothelial cells and also called

tunica intim
a.

T
unica adventitiaT

unica m
edia

T
unica adventitiaT

unica m
edia

A
rte

ry

E
ndothelium

S
m

ooth m
uscle &

 E
lastic fibres

T
unica intim

a
E

ndothelium
V

ein
T

unica intim
a

S
m

ooth m
uscle &

 E
lastic fibres

Fig. 5.2  T.S
. of artery and vein
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Tunica m
edia in arteries is thickeer than in veins.

V
alves of V

eins : V
alves are present in veins (of low

er lim
bs particularly). T

hey

prevent back flow
 of blood from

 heart. T
hese valves are sem

ilunar pocket

like flaps. T
hey are form

ed by local folding of intim
a.

V
asavasorum

 :  T
hey are blood vessels supplying blood to large arteries and

veins of above 0.1m
m

 diam
eter.

Sinusoids : Sinusoids and sinusoidal cappilaries are not true cappilaries. T
hey

have larger size than capillaries. C
ontinuous endothelial lining is absent.

                             A
rteries of the body

A
orta, arising from

 left ventricle of heart is the m
ain artery of body.It consists of

three parts.T
hey are-

1) A
scending aorta, giving off tw

o branches i) R
ight coronary artery

ii) L
eft coronary artery. C

oronary arteries supply blood to heart.

2) A
rch of aorta :  G

iving off three branches and supplying blood to head, neck

and upper lim
b-

brahcnes of arch of aorta are -

i) Innom
inate artery - dividing into a) C

om
m

on carotid artery

&
 b) R

ight subclavian artery

      ii) left com
m

on carotid artery
iii) left subclavian artery.

3) D
escending aorta - divided into

i) T
horacic aorta - supplying blood to w

all of chest cavity and viscera

ii) A
bdonm

inal aorta supplying w
all of abdom

inal cavity and its viscera.

R
ight and left com

m
on carotid arteries divide into -

a) Internal carotid artery
b) E

xternal carotid artery on right and left sides.

B
ranches of external carotid artery:

i) Facial artery, supplying face

ii) M
axillary artery, supplying jaw

s

iii) Tem
poral artery supplying tem

poral parts in skull.

iv) O
ccipital artery supplying occipital parts in skull.

A
rteries of the hum

an body

B
ranches of Internal carotid artery:

i) A
nterior cerebral artery supplying brain

ii) M
iddle cerebral arter y

supplying brain    &
iii) O

pthalm
ic artery, supplying eyes

Fig. 5.3
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C
ircle of w

illis : C
ircle of w

illis is form
ed by cerebral arteries and branch of

vertebral artery. B
ranch of vertebral artery is also called basilar artery.

R
ight and left sub clavian arteries, their course and brahcnes :

- Subclavian artery after entering axilla continues as axillary artery.

- It becom
es brachial artery at low

er boundary of axilla.

- It runs dow
n the arm

 and divides into

a) R
adial artery

b) U
lnar artery

- Palm
ar arch is form

ed by union of these tw
o arteries in the palm

- Palm
ar arch divides into digital arteries, w

hich supply fingers.

C
ourse of thoracic aorta: D

esencending aorta continues as thoracic aorta above

diaphragm
.

- It, then continues as abdom
inal aorta below

 diaphragm
.

B
ranches of abdom

inal aorta :T
hey are i) C

oeliac plexus ii) M
esenteric arteries

iii) R
enal arteries

iv) Final branches

C
oeliac plexus divides into-

i) H
epatic artery - supplying liver

ii) G
astric artery - supplying stom

ach

iii) Splenic artery - supplying spleen.

M
esenteric arteries are -

i) Superior m
esenteric artery

ii) Inferior m
esenteric artery

R
enal arteries supply kidney.

Final branches are -

i) R
ight com

m
on iliac artery

ii) L
eft com

m
on iliac artery

T
hese com

m
on iliac arteries divide into -

i) Internal iliac artery - suplying pelvic organs. In fem
ales, its branch uterine

artery supplies uterus.

ii) E
xternal iliac artery -

C
ontinueing in thigh as fem

oral artery.

C
ontinueing in poplieteal fossa as polieteal artery.

It divides in leg into -

a) A
nterior tibial artery - giving rise to dorsalis pedis artery.

b) Posterior tibial artery - giving rise to plantar artery

Plantar arch is form
ed by union of dorsalis pedis and plantar artery. Plantar arc h

divides into digital branches supplying the toes.

V
eins of the body

A
ll the veins of the body join superior and inferior venacavae and drain the

collected blood into right atrium
 of heart.

Superior venacava : Superior venacava is form
ed by union of right and left

brachiocephalic veins collecting blood from
 head, neck, upper extrem

ities and

som
e part of thorax.

Inferior venacava : Inferior venacava is form
ed by union of tw

o com
m

on iliac

veins collecting   blood from
 low

er extrem
ities and abdom

en. It extends upw
ards

through abdom
en and thorax and opens into right atrium

.

V
eins of the head, neck and upper lim

bs :

Internal and external jugular veins drain head and neck. T
hey join w

ith subclavian

veins form
ing brachiocephalic veins. Subclavian veins collect blood from

 upper

lim
bs. Subclavian vein is axillary vein in axilla. It is form

ed by union of brachial,

cephalic and basilic veins of upper arm
. R

adial and ulnar veins of fore arm
s join

w
ith those of upper arm

s. R
adial viens collect blood from

 m
etacarpals. U

lnar

vein collects from
 fingers through palm

ar arch.

V
eins of abdom

en and low
er lim

bs :  Poplietal vein is form
ed by union of anterior

and posterior tibial veins of leg. It continues as fem
oral vein. Fem

oral vein

continues as external iliac vein. E
xternal iliac vein joins w

ith internal iliac vein and
4
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form
s com

m
on iliac vein. C

om
m

on iliac veins of both sides unite and form
 inferior

venacava.

V
eins of the hum

an body

C
om

m
on iliac vein collects blood from

 low
er extrem

ities and abdom
en. In

abdom
inal region, renal veins from

 kidneys, gonadal veins from
 testes or ovaries,

suprarenal veins from
 suprarenal glands, hapatic vein from

 liver, lum
bar veins

from
 abdom

inal w
all and internal iliac veins join inferior venacava. Internal iliac

or hypogastric veins drain blod from
 gluteal m

uscles, m
edial side of thigh, urinary

bladder, prostate gland, vas-deferens, uterus and vagina.

                           T
ypes of circulation

T
here are m

ainly tw
o circulatory netw

orks in the body. T
hey are

1) System
ic circulation or greater circulation

2) Pulm
onary circulation or lesser circulation

System
ic circulation :  O

xygenated blood is circulated to all the parts of body

from
 the left ventricle of heart through A

O
R

TA
. D

eoxygenated blood of all parts

of body reaches right artium
 of heart through SU

PE
R

IO
R

 and IN
FE

R
IO

R

V
E

N
A

C
AV

A
E

.  T
his is the m

ajor circulatory netw
ork of body and called system

ic

circulation or greater circulation.

Fig. 5.4

Fig. 5.5
Types of circulation

S
ystem

ic circulatory netw
ork

P
ulm

onary circulatory netw
ork
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Pulm
onary circulation :   D

eoxygenated blood reaching right atrium
 goes into

right ventricle and from
 here, it reaches lungs through pulm

onary artery.  A
fter

losing C
O

2  in lungs, it gets oxygenated and reaches left artium
 of heart through

PU
M

O
N

A
R

Y
 V

E
IN

S. It is called pulm
onary circulation or lesser circulation.

C
oronary circulation :  It is the arculatory netw

ork, supplying oxygenated blood

to heart itself and draining deoxygenated blood from
 it. R

ight and left coronary

arteries arising from
 ascending aorta supply oxygenated blood to heart. C

oronary

veins collecting deoxygenated blood from
 heart join coronary sinus, w

hich opens

into inferior venacava.

Portal circulation : It is the circulatory netw
ork through liver. Portal vein and

hepatic artery bring blood to liver. Portal vein carries blood into liver through

superior m
esenteric and splenic veins. Superior m

esenteric vein carries blood

from
 m

esenteric bed (stom
ach, sm

all intestine, part of large intestine and pancreas).

Splenic vein carries from
 spleeen. H

epatic artery carries oxygenated blood to

liver. C
apillaries of portal vein join w

ith capillaries of hepatic artery. H
epatic vein

carries blood circulated in liver to right atrium
 of heart through inferior venacava.

T
his circulatory netw

ork of liver is called portal circulation.

Sum
m

ary

C
ardio vascular system

 consists of heart and vascular system
. H

eart contains

four cham
bers. U

pper tw
o cham

bers are called atria or auricles and low
er tw

o

cham
bers are called ventricles. H

istology of heart show
s pericardium

, m
yocardium

and endocardium
. C

onducting system
 of heart consists of S.A

. node, A
.V

. node,

bundle of H
is, branches of bundle of H

is and purkinje fibres. V
ascular system

consists of arteries, arterioles, capillaries, venules and veins. A
rteries and veins

contain three layers- tunica externa, tunica m
edia and tunica interna. A

orta is the

m
ain artery of the body. Superior and inferior venacavae are the m

ain veins of

body. V
eins of superior parts of body, upper parts of lim

bs and som
e parts of

thorax join superior venacava. V
eins of abdom

en and low
er lim

bs join inferior

venacava. D
ifferent circulatory netw

orks of body are - system
ic circulation,

pulm
onary circulation, coronary circulation, portal circulation etc.

E
ssay Q

uestions

1) E
xplain the anatom

y of heart w
ith figure.

2) W
rite about the histology of arteries and veins. D

iscuss arteries of body.

3) D
iscuss V

eins of body.

Short A
nsw

er Q
uestions

1) N
am

e the cham
bers of H

eart.

2) W
hat are the layers of heart?

3) M
ention the valves of heart.

4) W
hat are the blood vessels attached to heart?

5) W
rite about ductus arteriosus.

6) E
xplain nerve supply to heart.

7) L
ist the conducting tissues of heart.

8) W
here is S.A

. node located?

9) D
escribe A

.V
. node.

10) W
hat is bundle of H

is?

11) N
am

e the layers of A
rteries and V

eins.

12) W
hat are the parts of A

orta?

13) W
rite the branches of arch of aorta.

14) W
hat are the branches of ascending aorta?

15) N
am

e the divisions of descending aorta.

16) W
rite the branches of external carotid artery.

17) L
ist the branches of internal carotid artery.

18) W
hat is palm

ar arch?

19) N
am

e the arteries of upper lim
bs.

20) W
hat is the course of thracic aorta?

4)D
iscuss the types of circulation of body.
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6. L
Y

M
P

H
A

T
IC

 SY
ST

E
M

Lym
phatic system

 is a closed system
 consisting of 1) L

ym
phatic capillaries

2)Lym
phatic vessels 3) L

ym
ph nodes and 4) L

ym
phducts.

1) L
ym

phatic capillaries :T
hey are fine hair like vessels w

ith porous w
alls.

T
hey araise in the tissue spaces. T

hey unite to form
 lym

phatic vessels.

W
alls of the capillaries have perm

eability to substances of greater

m
olecular size than the substances perm

eable through w
alls of blood

capillaries. T
heir w

alls are form
ed by endothelial cells and supported by

fibrous connective tissues.

21) M
ention the branches of bdom

inal aorta.

22) W
rite the divisions of coeliac plexus.

23) W
hat are m

esenteric arteries?

24) W
hat is plantar arch?

25) W
hat are m

ain veins of body?

26) N
am

e the veins of head and neck.

27) M
ention the nam

es and course of veins of upper lim
bs.

28) W
rite the veins of low

er lim
bs.

29) M
ention abdom

inal veins.

30) W
hat is system

ic circulation?

31) W
rite about pulm

onary circulation.

32) E
xplain portal circulatory netw

ork.

33) D
escribe coronary circulation.

Fig. 6.1  Lym
phatic system

 of hum
an body
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2) L
ym

phatic vessels: L
ym

phatic capillaries unite to form
 lym

ph vessels.

T
hey have one sided valves. T

hey are superficially and deeply located.

T
hey are found in skin, m

uscles and several visceral organs. V
arious

lym
phatic vessels are linked together by free anastam

oses. Lym
ph vessels

pass through lym
ph nodes. T

hey gradually increase in size. Finally  lym
ph

collected from
 the body pours into right lym

phatic duct and left lym
phatic

duct. L
eft lym

phatic duct is also called as thoracic duct.

3) L
ym

ph nodes: L
ym

ph nodes are sm
all bodies m

ade of lyum
phatic tissue.

T
hey vary in size from

 pin head to alm
ond. T

hey are im
portant glandular

structures spread at all strategic points in the body. T
hey are located both

superficially and deeply. Lym
phatic vessels bring lym

ph to lym
ph nodes.

T
hey divide w

ithin the node and discharge lym
ph. A

gain lym
ph is gathered

into fresh lym
phatic vessels w

hich em
pty lym

ph into lym
phatic ducts after

carrying the lym
ph through m

ore lym
ph nodes. Lym

phatic vessels entering

into the lym
ph node are called afferent lym

ph vessels. Lym
ph vessels leaving

the lym
ph nodes are called as efferent lym

ph vessels.

H
istology of L

ym
ph node:H

istology of lym
ph node show

s three parts. T
hey

are -C
ortex,m

edulla&
hilum

.

1) C
ortex: C

ortex is the outer part of lym
ph node. It contsins lym

phatic

nodules peripherally and germ
inal centres in the inner zone, G

erm
inal

centres present in the lym
ph nodes produce lym

phocytes. Lym
ph sinuses

separate lym
ph nodules from

 capsule.

2) M
edulla : It is the inner part of lym

ph node. It is devoid of lym
ph nodules.

It contains reticulo endo thelial cells. It also contains a few
 giant cells.

3) H
ilum

 : It is the depression at one side of lym
phnode or lym

ph gland.

T
hrough H

ilum
, an artery enters and there is exit to a vein and an efferent

lym
phatic vessel. A

fferent lym
ph vessels enter from

 all sides but eferent

lym
ph vessel leaves through hilum

 C
hief efferent vessel leaving lym

ph node

carries filtered and lym
phocyte enriched lym

ph fluid.

N
am

ing of lym
ph nodes: Lym

ph nodes are nam
ed accordingly as they are

located.T
hey are-

a) C
ubital and axillary lym

ph nodes:T
hey are situated in arm

s.

b) Poplietal and inguinal: L
ym

ph nodes situated in legs are nam
ed so.

c) Subm
axillary and cervical lym

ph nodes:
L

ym
ph nodes present in the

neck are called as subm
axillary and cervical lym

phnodes.

d)  M
ediastinal lym

ph nodes: T
hese are present in T

horax.

e) A
bdom

inal lym
ph nodes: T

hey are present in abdom
en. ex: M

esenteries

f) Pelvic lym
ph nodes: Pelvic lym

ph nodes are present in pelvic organs.

4) L
ym

ph ducts: E
fferent lym

ph vessels leaving lym
ph nodes pour lym

ph

into right lym
phatic duct and left lym

phatic duct (thoracic duct). T
horacic

duct is com
paratively larger than right lym

phatic duct. It begins at

cisternachyli. C
isternachyli is a sm

all pouch at the back of the abdom
en.

Lym
phatic vessels from

 low
er lim

bs, abdom
inal and pelvic organs em

pty

into this pouch. F
rom

 cysternachyli, thoracic duct runs up through

m
ediastinum

 behind the heart to the root of the neck. H
ere, it turns to the

left w
here lym

phatic vessels from
 the left side of head, thorax and left

upper lim
p join. T

horacic duct finaly em
pties into left sub clavian vein at

its junction w
ith left internal jugular vein.  It is provided w

ith uni directional

valves to prevent lym
ph from

 flow
ing in w

rong direction. R
ight lym

phatic

duct is com
paratively sm

aller. It is form
ed by joining of lym

phatic vessels

from
 right side of head, thorax and right upper lim

b at the root of neck. It

E
fferent lym

phatic duct
A

rte
ry

V
ein

N
erve

M
edullary sinus

Lym
ph nodule

C
apsule

T
rabecula extending

in from
 capsule

Fig. 6.2  T.S
. of Lym

ph node
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enters into right subclavian vein, w
here it joins right internal jugular vein.

Lym
phatic ducts thus gather lym

ph from
 al the body and return it to blood

stream
.

Spleen :S
pleen is the largest lym

phoid tissue in the body. It is a bean

shaped,fist       sized organ. It is highly vascular organ. It is located in the

left hypochondrium
 beneath the diaphragm

. It is above the left kidney

and descending colon and behind the stom
ach. It w

eighs about 150 g. in

adult hum
an being and does not contain afferent lym

phatic vessels.It is

haem
opoietic.

H
istology of spleen:H

istology of spleen show
s-

1) C
apsules                          2) T

rabeculae

3) H
ilum

                               4) W
hite pulp

5) R
ed pulp                          6) R

eticular m
esh w

ork

7) B
lood vessels.

Splenic pulp : Splenic pulp is the parenchym
al tissue w

ithin the capsule. It is

tw
o types 1) W

hite pulp 2) R
ed pulp.

Splenic sinuses: Splenic sinuses are long vascular channels. T
hey are 35 to

40 µ
 diam

eter.

Splenic cords: T
hey are continuous partitions in betw

een splenic sinuses.

M
arginal zone: It is the junctional zone betw

een w
hite pulp and red pulp.

Tonsils : Tonsils are w
ell-defined organs of accum

ulated lym
phoid tissue in

the m
ucous m

em
brane at the root of tongue. Tonsils are present at the

surrounding of pharynx, w
here nasal and oral passages unite. Tonsils do

not possess afferent lym
phatic vessels.

Tonsils can be divided into three groups.

1) Palantine tonsils -covered by stratified squam
ous epithelium

2) L
ingual tonsil- situated at the root of tongue.

3) P
haryngeal tonsils - one on each side in the m

edian posterior w
all of

nasopharynx.

T
hym

us: T
hym

us is partly endocrine gland and partly lym
phoid structure. It

is present in anterior and superior m
ediastinum

 of thorax. It extends from

pericardium
 up into neck. It consists of tw

o lobes.

H
istology of thym

us show
s -

1) C
apsule 2) C

ortex&
3) M

edulla

SU
M

M
A

R
Y

Lym
phatic system

 is a closed system
 consisting of lym

phatic capillaries,

lym
phatic vessels, lym

ph nodes and lym
ph ducts. Spleen, tonsils and thym

us

are also lym
phatic tissues. S

pleen is haem
opoietic organ. S

plenic pulp is

parenchym
al tissue w

ith in the capsule of spleen.

E
ssay q

u
estion

s
1)

W
rite the anatom

y of lym
phatic system

.

Short A
nsw

er Q
uestions

1)
D

efine lym
phatic system

.

2)
E

xplain lym
phatic capillaries.

3)
D

escribe lym
phatic vessels.

4)
W

hat are
a) C

ubital and axillary lym
ph nodes.

b) M
ediastinal lym

ph nodes.

5)
M

ention the histological parts of lym
ph node.

6)
N

am
e the lym

ph ducts.

7)
W

hat is splenic pulp?

C
onnective T

issue
 C

apsule
T

rabecula

W
hite P

ulp
C

entral artery

R
ed P

ulp

S
inus

T
rabecular V

ein

Fig. 6.3  T.S
. of S

pleen
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7.  B
O

N
E

S and JO
IN

T
S

B
ones and Joints form

 the skeletal system
 of body. T

here are about 206

bones in hum
an body. M

ain functions of skeletal system
 are -

1) G
iving support and protection to soft tissues and vital organs.

2) G
iving attachm

ent to m
uscles and assisting in body m

ovem
ents.

3) Form
ation of blood cells in the red bone m

arrow
.

4) Storage of m
ineral salts like calcium

 and phosphorous.

C
om

position of bone :
B

one is structurally a com
plex organ and has the follow

ing com
position.

w
ater

 -
25%

O
ssein,

O
sseom

ucoid
-

35%

O
sseo A

lbum
in  (organic solids)

inorganic salts of calcium
             -

45%

C
alcium

 salts im
part hardness to bones.

Structure of bone tissue :
R

efer to C
ell and Tissues.

Functions of bone m
arrow

 :
B

one m
arrow

 perform
s functions of

1) Form
ation of blood cells(H

aem
opoeisis)

2) D
estruction of old R

B
C

 w
ith the help of reticulo endothelial cells(haem

olysis)

3) Protection of body against infections by m
icrobes w

ith the help of reticulo

endothelial cells against foreign particles(D
efence m

echanism
)

4) A
gainst foreign particles(D

efence m
echanism

)

O
ssification : O

ssification is the process of bone form
ation. D

evelopm
ent of

bones takes place from
 spindle shaped cells called osteoblasts.T

here are

tw
o types of ossification. T

hey are-

1) Intra m
em

branous ossification.

2) Intra cartilaginous ossification.

1) Intra m
em

branous ossification :  Type of ossification in w
hich, dens e

connective tissue is replaced by deposits of calcium
, form

ing bone is called

as intram
em

branous ossification.

E
x: B

ones of skull are form
ed by this process.

2) Intra cartilaginous ossification :  Type of ossification in w
hich, cartilages ar e

replaced by bone is called as intracartilaginous ossification. M
ost of the

bones of the body are form
ed by this process.

Types of B
ones: B

ones are m
ainly three types. T

hey are - 1) L
ong bones.

2)Short bones  3) Flat bones 4) Irregular bones  5) Seasm
oid bones.

}

Fig. 7.1   B
ones of the hum

an body
5
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1) L
ong bones:   L

ong bones are found in lim
bs. A

 long bone has tw
o ends. E

nds

of a long bone are called as epiphyses.

T
hese tw

o ends are connected by shaft,

w
hich is called as diaphysis. Periosteum

 is

the outer m
em

brane covering the bone.

Periosteum
 is follow

ed by layer of com
pact

bone. C
entral m

edullary canal is inside this.

T
hrough nutrient foram

en, arteries enter.

M
edullary canal contains yellow

 bone

m
arrow

. E
xtrem

ities consist of m
ass of

spongy bone, w
hich contains red bone

m
arrow

. Y
ellow

 bone m
arrow

 contains fat

and blood cells but is not rich in blood

supply or red blood cells.

L
ong bones develop from

 three centres called centres of ossification. C
entre

of ossification present in shaft is called diaphysis and centres of ossification present

at the ends of the bones are called epiphyses. L
ine of cartilage betw

een epiphysis

and diaphysis is called epiphyseal cartilage or epiphyseal plate.E
piphyseal plate

separates epiphysis and diaphysis approxim
ately upto 25 years of age.A

fter this

age,fusion of diaphysis and epiphysis takes place.A
fter fusion,grow

th in length

of bone becom
es im

possible.A
crom

egaly is grow
th of bone occurings after fusion

of diaphysis and epiphysis by the overactivity of grow
th horm

one.It w
ill be

confined  m
ostly to the bones of  face and lim

bs.T
his grow

th w
ill be abnorm

al.

G
igantism

 is grow
th occuring in im

m
ature bones before fusion of diaphysis w

ith

epiphysis 
due 

to 
excessive 

secreion 
of 

grow
th 

horm
one.

2)Short bones : Short bones do not have shaft. T
hey contain spongy substance

covered by shell of com
pact bone.ex: sm

all bones of w
rist and ankle.

3) Flat bones : T
hey contain tw

o layers of com
pact bone w

ith spongy substance

betw
een the tw

o layers. T
hey are found in pelvis and scapula.

4) Irregular bones : B
ones w

hich do not fall into any category are irregular bones.

ex: vertebrae and bones of face.

5) Seasm
oid bones :  T

hey are sm
all bones and develop in tendons of m

uscles.

ex: Patella of knee joint.

B
ones of the hum

an body :Total 206 bones form
ing the hum

an skeleton can

be divided into 1) B
ones of A

xial skeleton:

                                i)  B
ones of skull:B

ones of cranium

                                                B
ones of face

                                ii) B
ones of trunk:Sternum

                                                     R
ibs

                                                     V
ertebral colum

n

                     2)B
ones of appendicular skeleton:

                                                 B
ones of upper lim

bs

                                                 B
ones of low

er lim
bs

B
ones of skull :  Skull is a large bony structure containing cranium

 and bone s

of face attached to cranium
.

B
ones of C

ranium
 : C

ranium
 is called as brain box. It is a large, hollow

 bony

case. It is form
ed by fusion of various bones w

ith zigzag edges. C
ranium

 is

form
ed by 8 bones. T

hey are -

1) Frontal bone-1

2) Parietal bones-2

3) Tem
poral bones-2

4) O
ccipital bone-1

5) Sphenoid bone-1

6) E
thm

oid bone-1

Sutures of the C
ranium

 :

Im
m

ovable joints of bones of skull are called sutures. Im
portant sutures of cranium

are-                1) C
oronal suture  2) Sagital suture&

  3) L
am

bdoid suture

N
asal bone

Lacrim
al bone

E
thm

oid bone

P
arietal

bone
F

rontal

bone

Tem
poral

bone

SphenoidBone

Zygomatic
bone

M
axillaM

andible
M

astoid process

Occipital bone

Fig. 7.2   Long bone

Fig. 7.3   B
ones of skull
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C
oronal suture : C

oronal suture is the im
m

ovable joint betw
een frontal bone and

parietal bones.

Sagital suture : Sagital suture is the im
m

ovable joint betw
een the tw

o parietal

bones.

L
am

bdoid suture : L
am

bdoid suture is the im
m

ovable joint betw
een occipital

bone and parietal bones.

F
rontal bone : It is in the front central portion of cranium

. It is joined w
ith tw

o

parietal bones. It extends upto forehead and form
s roof of orbital and nasal

cavities.

Features of frontal bone : It has

the follow
ing features. T

hey

are-

1) S
upra orbital m

argins-

form
ing the arches of orbit.

2) N
asal notch - It is the bone projecting betw

een supraorbital m
argins. N

asal

bones are fitted to this.

3) Super ciliary arch - It lies above these tw
o structures.

4) Frontal tuberosities are the tw
o prom

inences of forehead.

5) Frontal sinuses are the tw
o

cavities in the frontal bone.

P
arietal bones :   Parietal bones are tw

o in num
ber. T

hey form
 the roof and

sides of the skull. T
hey are of quadrilateral shape. Prom

inence of parietal

bone is called parietal tuberosity. Inner surface of parietal bone is concave.

Superior and inferior tem
poral lines run parallally.

A
 parietal bone has joint w

ith:

- frontal bone anteriorly.

- occipital bone posteriorly.

- other parietal bone m
edially and

- tem
poral inferiorly

Tem
poral bones :

Tem
poral bones are tw

o in num
ber. T

hey form
 low

er part of sides of skull.

Tem
poral bones have joint w

ith:

-sphenoid bone in the front

-parietal bones above.

-occipital bone behind.

A
 tem

poral bone has the follow
ing parts.

a) Squam
ous part : It is flat part having zygom

atic process.

b) Petrous part : It form
s the bone of internal ear.

c) M
astoid part : It contains m

astoid process.

d) Tym
panic part : It contains external auditory m

eatus.

O
ccipital bone : It is one in num

ber. It

is situated at the back and low
er

part of cranial cavity.

Features of occipital bone : A
n occipital

bone has the follow
ing features.

a) E
xternal occipital protruberance:  It

is a prom
inance of occipital bone.

It gives attachm
ent to m

uscles.

b) Foram
en m

agnum
 :  It is a large oval opening below

 the external occipital

protruberance. C
ranial cavity com

m
unicates w

ith vertebral canal through this

opening.

c) O
ccipital condyles:  T

hey are tw
o in num

ber. T
hey lie one on each side of

foram
en m

agnum
. T

hey articulate w
ith atlas. T

his joint allow
s nodding

m
ovem

ent of head.

Sphenoid bone:  It is one in

num
ber. It is situated at the base

of the skull infront of tem
poral

bones. It form
s large part of

F
rontal

tuberosity

Z
yg

o
m

a
tic

process
Superciliary arch

S
upra orbital m

argin

notch
Supra orbital

Fig. 7.4   F
rontal bone

Parietal tuberosity

W
ith occipital bone

W
ith m

astoid of tem
poral bone

Superior tem
poral line

Inferior tem
poral line

W
ith frontal bone

Fig. 7.5   P
arietal bone

M
astoid part

S
quam

ous part

Z
ygom

atic process

E
xternal auditory m

eatus
Styloid process

M
astoid process

External occipital pratruberance

External occipital crest

Inferior curved line

Foram
en of m

agnum
C

ondyle
Jugular process

Base of occipital bone

Fig. 7.6   Tem
poral bone

Fig. 7.7   O
ccipital bone

O
ptical foram

en
G

reater w
ing

Foram
en

rotendum
Lesser
w

ing

Sellaturcica

Foram
en

ovale

Fig. 7.8   S
phenoid bone
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m
iddle cranial fossa. It is shaped

like a bat w
ith outstretching

w
ings.

a) B
ody : B

ody contains tw
o large air sinuses. T

hey com
m

unicate w
ith nasal

cavity. B
ody also has a deep depression called hypophyseal fossa, w

hich contains

pituitary gland. H
ypophyseal fossa is also called as sella turica.

b) W
ings :   T

hese w
ing like structures are called greater and lesser w

ings. T
hey

have m
any openings for passage of nerves and blood vessels.

E
thm

oid bone: It is one in num
ber.  It is cubical in shape. It fills the space

betw
een orbits. E

thm
oid bone consists of three parts.

T
hey are a) C

ribriform
 plate  b) Perpendicular plate

c) L
abyrinths (2)

C
ribriform

 plate is a sm
all horizontal plate perforated w

ith num
ber of fine

openings through w
hich branches of olfactory nerve pass from

 nose to the brain.

Perpendicular plate descends from
 cribriform

 plate. It form
s upper part of nasal

septum
.  Tw

o labyrinths each consisting of a num
ber of ethm

oidal sinuses are

thin w
alled and com

m
unicate w

ith nasal cavity.

Superior and m
iddle nasal conchae are thin plates of ethm

oid bone.Inferior nasal

conchae are curved plates of bone w
hich lie in the w

alls of the nasal cavity below

superior and m
iddle nasal conchae of ethm

oid bone.

C
ranial fossae:

B
ase of the skull is divided into three

fossae. T
hey are 1) A

nterior cranial

fossa  2) M
iddle cranial fossa

3) Posterior cranial fossa.

A
nterior cranial fossa is form

ed by horizontal plates of frontal bone. M
iddle

cranial fossa is form
ed by sphenoid bone and petrous portion of tem

poral bones.

Posterior cranial fossa is form
ed by occipital bone.

Fontanelles :   D
ue to incom

plete ossification of skull bones of child at birth,

m
em

branes fill the space betw
een bones. T

hese m
em

branes at the angles of

bones are called fontanelles.  T
hey are -

1) A
nterior fontanelle.

2) Posterior fontanelle.

A
nterior fontanelle :  It is the largest

fontanelle present at the junction of

frontal and tw
o parietal bones

w
here coronal and sagital sutures

m
eet. It closes at the age of 1½

years.

Posterior fontanelle :   It is the fontanelle present at the junction of parietal bones

and occipital bone. It closes as soon as birth takes place.

Sinuses : Sinuses are the cavities in the bones of skull and com
m

unicating w
ith

nose.  T
hey are 1) Frontal sinuses 2) M

axillary sinuses 3) E
thm

oidal and

sphenoidal sinuses.

Frontal sinuses are a pair of sinuses present in frontal bones. T
hey are present

one on each side of the root of the nose. M
axillary sinuses are a pair of sinuses

in m
axillary bones- each lying on each side of nose. E

thm
oidal and sphenoidal

sinuses are also present in skull.

Functions of sinuses: Functions of sinuses are-

1) L
ightening of bones of face and cranium

.

2) G
iving resonance to voice.

B
ones of the face :

B
ones m

aking the face are 14 in num
ber. T

hey are-

M
axillae -2 (upper jaw

)

M
andible -1 (low

er jaw
)

Z
ygom

atic bones -2 (cheek bones)

Internal auditory m
eatus

A
nterior fossa

Foram
en rotundum

Foram
en ovale

Foram
en m

agnum
Posterior cranial tossa

M
iddle cranial tossa

Fig. 7.9     C
ranial fossae

Fig. 7.10
S

kull at birth show
ing fontane-

lles

A
nterior fontanelle

P
osterior fontanelle

6
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Palate bones -2 (roof of m
outh cavity and hard palate)

L
acrim

al boness -2

N
asal bones-2(N

asal bridge)

T
urbinate bones-2 (nasal conchae)

V
om

er-1(low
er part of nasal septum

)

M
axillae : T

hey are tw
o in num

ber.

T
hey form

 upper jaw
.

Features of m
axillae :

1) B
ody is pyram

idal in shape.

2) Z
ygom

atic process, palatine process, alveolar process&
frontal process

are present. A
lveolar process contains upper teeth.

3) M
axillary sinus is present in internal aspect.

M
andible :  It form

s the low
er jaw

. It is the only m
ovable bone of skull.

Features of m
andible:

1) B
ody is horizontal part in the

centre. It contains low
er

teeth. It form
s chin.

2) Tw
o ram

i are present one on

each side. E
ach ram

us

contains coronoid process in

the front. C
ondyle of jaw

 lies

behind.

Zygom
atic bones :  T

hey are tw
o in num

ber. T
hey are irregular bones form

ing

the prom
inence of cheek and part of w

alls of orbit. E
ach of them

 contains tem
poral

process w
hich articulates w

ith zygom
atic process of tem

poral bone to form

zygom
atic arch.

P
alate bones : T

hey are tw
o in num

ber.T
hey are irregular bones form

ing part of

the hard palate, lateral w
all of nasal cavity and floor of orbit.

N
asal bones : T

hey are tw
o in num

ber. T
hey are sm

all bones situated in betw
een

sockets of orbits. T
hey form

 nasal ridge.

 Turbinate bones :  T
hey are tw

o in num
ber. T

hey are called as nasal conchae.

L
achrym

al bones:   T
hey are the sm

allest bones. T
hey are fragile. T

hey form
 part

of w
alls of orbits. G

rooved part of lacrim
al bones contains lacrim

al sac and

nasolacrim
al duct.

V
om

er :  It is one in num
ber.  It is a flat bone. It form

s low
er part of nasal septum

.

It is a vertical bone.

H
yoid bone:  It is a ‘U

’ shaped bone. It has a body and tw
o horns (lesser horn

and greater horn). It lies at the base of the tongue. It is attached to the styloid

processes of tem
poral bone by m

eans of ligam
ents.

B
ones of trunk

B
ones of trunk are - Sternum

, ribs,

vertebral colum
n.

Sternum
 :  It is a long flat bone. It

runs dow
n the front of thorax. It is

divided into three parts.

a) M
anubrium

 sterni b) B
ody - also

called m
esosternum

 c) X
iphoid

process

M
anubrium

sterni :  M
anubrium

 sterni is triangular and articulates on either side

w
ith clavicle, first and second costal cartilages.

Features of M
anubrium

 sterni :

a) C
lavicular notches - on both sides for articulation w

ith clavicle.

b) Suprasternal notch - betw
een clavicular notches.

c) A
rticular surfaces - on both sides for first rib.

B
ody :  B

ody is longer and narrow
er than m

anubrium
 sterni. T

here is a sm
all

Fig. 7.12 M
andible (left half)

Fig. 7.11 Left M
axilla

F
rontal process

O
rbital surface

Infraorbital foram
en

Z
yg

o
m

a
tic p

ro
ce

ss

C
anine fossa

C
oronoid process

C
ondyle

N
eck

R
am

us

A
ngle

B
ody

Fig. 7.13 S
ternum

 (anterior aspect)

M
anubrium

sterni
S

uprosternal notch

S
urface for clavicle

1st R
ib

2nd R
ib

3rd R
ib

4th R
ib

5th R
ib

6th R
ib

7th R
ib

X
yphoid

6
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notch w
here it joins the m

anubrium
.

X
iphoid process: X

iphoid process is sm
all. It is the low

est part of sternum
.

D
iaphragm

, linea alba and rectus abdom
inus m

uscles are attached to this part of

sternum
.

R
ibs : T

hey are 12 pairs of arched bones attached on back side to thoracic

vertebrae.

Features of rib :

a) A
nterior or sternal end - having depressions

for attachm
ent of costal cartilage

b) Posterior or vertebral end - It has three parts

1) H
ead 2) N

eck 3) T
ubercle

c) Shaft :It has tw
o surfaces -1) Inner surface

 2) O
uter surface

It has tw
o borders-1) U

pper border 2)L
ow

er border.

Sub costal groove  contains intercostal vessels and nerve.

C
lassification of ribs: O

n the basis of attachm
ent to sternum

, they are classified

as-1) T
rue ribs -attached to the sternum

 directly. First seven pairs are true ribs.

2) False ribs - attached to the sternum
 through

costal cartilages.R
em

aining five pairs are false

ribs. O
f these, last tw

o pairs are know
n as floating

ribs.

C
ostal cartilages: T

hey are bars of hyaline

cartilage connecting ribs and sternum
.

V
ertebral colum

n :  V
ertebral colum

n is a

pow
erful and flexible pillar m

ade of a num
ber of

irregular bones called vertebrae. T
here are 33

vertebrae w
hich are connected to one another.

T
hey are capable of lim

ited m
ovem

ent. V
ertebral

colum
n provides central axis. It protects spinal

cord.

Structure of typical vertebra :  E
xcept atlas and axis, rem

aining vertebrae have

com
m

on features. E
ach vertebra consists of -

a) B
ody - cylindrical in shape and lying to the front.

b) V
ertebral arch (also called neural arch) - posterior part. It encloses vertebral

foram
en.

c) V
ertebral foram

en - Spinal cord passes through this foram
en.

d) Spinous process - directed backw
ards and dow

nw
ards.

e) Tw
o transverse processes - projecting laterally for attachm

ent of m
uscles an d

ligam
ents

f)  4 A
rticular processes -

Tw
o above, Tw

o below

T
hey m

eet corresponding processes of adjoining vertebrae.

g) L
am

inae - w
ide parts of arch carrying spinous process.

h) Intervertebral discs - T
hey are discs of fibrocartilage for connecting one vertebr a

to another. E
ach disc has - outer ring of fibrous cartilage and - inner core called

nucleus pulposus.

V
ertebrae are divided into five groups. T

hey are -1) C
ervical vertebrae- 7 i n

num
ber form

ing the neck region.2) T
horacic vertebrae - 12 in num

ber form
ing

back of thorax.

3) L
um

bar vertebrae - 5 in

num
ber 

form
ing 

lum
bar

region.4) Sacral vertebrae - 5 in

num
ber form

ing sacrum
.5)

C
occygeal vertebrae - 5 in

num
ber form

ing coccyx.

C
ervical vertebrae :  T

hey are

sm
allest. First cervical  vertebra is

called atlas. 2nd vertebra is called

axis.

C
ervical

T
horacic or dorsal

Lum
bar

S
acrum

C
o

ccyx

Fig. 7.15 V
ertebral colum

n

T
ubercle

A
ngle

H
ead

N
e

ck

S
ubcostal groove

S
h

a
ft

C
ostal extrem

ity

Fig. 7.14 Typical R
ib

Fig. 7.16 T
horacic vertebra

B
o

d
y

A
rticular facet for

head of rib
P

edicle

N
eural canal

T
ransverse process

S
pine

Lam
ina
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A
tlas : It is the first cervical

vertebra.  Features - 1) It does not

have body. 2) It does not contain

spinous process. 3) It has tw
o

facets on upper surface for

articulation w
ith condyles of

occipital bone.

A
xis :  It is the second cervical

vertebra. Features -

1)  O
dontoid process - upw

ard

projection from
 body.

2) Tw
o facets - on anterior surface

for articulation w
ith atlas.

3) Spine - sm
all and bifid part.

T
horacic vertebrae :  T

hey are

12 in num
ber. T

hey carry ribs.

features : 1) B
ody - heart shaped  2) Facets -one on each side for attachm

ent of

ribs
3) T

ransverse process 4) V
ertebral foram

en is not present.

L
um

bar vertebrae : T
hey are five in num

ber. T
hey are largest vertebrae.

Features :  1) T
hey have no facets for articulation w

ith ribs.2)Spinous processes

are large and strong.T
hey give attachm

ent to m
uscles. 3) B

ody is big and kidney

shaped.

Sacral vertebrae :  T
hey are five in

num
ber. T

hey are fused form
ing

sacrum
. Sacrum

 is triangular and

form
s w

edge betw
een tw

o hip

bones w
ith w

hich it articulates.T
hey

have

follow
ing features: 1) Four sacral foram

inae - opening of anterior surface through

w
hich nerves pass 2) L

ateral m
asses on either side - form

ed by union of transverse

processes. 3) Sacral prom
ontary - projection of upper part of sacrum

.

C
occygeal vertebrae : T

hey are four in num
ber. T

hey are fused to form
 coccyx.

C
occyx is a triangular bone. It articulates w

ith sacrum
.

M
ain functions of vertebral colum

n are-

1) Supporting spinal cord.

2) Protecting spinal cord.

3) C
ushioning w

hen jum
ping and landing on feet.

L
igam

ents : L
igam

ents holding the vertebrae together are - 1) A
nterior and

posterior ligam
ents 2) L

igam
enta flava 3) S

upraspinous ligam
ents

4) Intervertebral discs.

A
nterior and posterior ligam

ents connect anterior and posterior aspects of

bodies respectively. L
igam

enta flava connect vertebral arches.  Supraspinous

ligam
ents lie betw

een spines and connect them
.  Intervertebral discs are m

ade of

fibrocartilage and are helpful for connecting vertebrae w
ith one another.

C
urves of vertebral colum

n :

V
ertebral colum

n has four curves w
hen view

ed from
 side.

1) Prim
ary curves  a) T

horacic curves  b) pelvic curve

2) Secondary curves  a) C
ervical curve b) L

um
bar curve

Prim
ary curves are present during foetal life - cervical curve appears w

he n

child begins to hold up head and sit. L
um

bar curve appears w
hen child stands

and w
alks.

B
ones of lim

bs: A
ppendicular skeleton consists of - a) B

ones of upper lim
b

(B
ones of arm

s)   b) B
ones of low

er lim
b (B

ones of legs).

B
ones of upper lim

b :  U
pper lim

b consists of shoulder, upper arm
, fore arm

,

w
rist and fingers.

B
ones of upper lim

b are -

a) B
ones of shoulder girdle - Scapula, clavicle (1+1) on each side

O
dontoid process

F
acet for transverse

ligam
ent

F
acet for atlas

foram
en for

vertebral artery

S
pine

Fig. 7.18 A
xis

A
nterior tubercle

F
acet for odonteid

process of axis

foram
en for

vertebrat artery
G

roover for
vertebral artery

Fig. 7.17 A
tlasA

nterior superior
spine

A
nterior sacral
foram

en
Ischial spine

A
cetabulum

O
bturator foram

en

Ischial tuberosity

S
acrumC

o
ccyx

S
ym

physis pubis

Fig. 7.19 S
acral &

 C
occygeal V

ertebrae
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b) B
ones of upper arm

-H
um

erus (1) on each side.

c) B
ones of fore arm

 -R
adius,ulna(1+1) on each side.

d) B
ones of w

rist and palm
 :

 B
ones w

rist
- carpals (8)

B
ones of palm

- m
etacarpals(5)(8+

5=
13) on each side.

e) B
ones of fingers :

Phalanges
- 3 each for fingers other than thum

b(3x4=12)

- 2 for thum
b

Total
- (12+

2=
14) on each side.

Functions of upper lim
bs are:

- handling the objects.

- perform
ing various types of w

ork.

- m
ovem

ent.

Functions of low
er lim

bs are:

- L
ocom

otion, posture, giving stability to trunk.

B
ones of shoulder girdle : B

ones form
ing shoulder girdle are -

-
Scapula and C

lavicle.

S
capula : S

capula is a large

triangular flat bone. It contributes

to the w
ide range of m

ovem
ent of

upper lim
b. It lies over ribs behind

thorax. It does not articulate w
ith

them
.

It has tw
o surfaces:

1) A
nterior or costal surface - nearest the ribs.

2) Posterior or dorsal surface - divided into tw
o fossae by spine of scapula

w
ith ends w

ith acrom
ion process.

T
he tw

o fossae are      -

1) Supraspinous fossa - upper one giving attachm
ent to supraspinatous m

uscle.

2)
Infra spinous fossa - L

ow
er one giving attachm

ent to infraspinatous m
uscle.

It has three borders.T
hey are -

1) Superior border - lying in the upper part.

2) M
edial border (vertebral border) - nearest the vertebral colum

n

3) L
ateral border (axillary border) - nearest the axilla.

It has three angles.T
hey are-

1) Superior angle - betw
een superior and m

edial borders.

2) Inferior angle - betw
een m

edial and lateral borders (low
est point of scapula)

3) L
ateral angle (external angle) - It contains glenoid cavity for receiving the

head of hum
erus to form

 shoulder joint. C
oracoid process araises internal to

glenoid cavity. It is large and irregular

C
lavicle : It is also called as

collar bone.It does not

contain m
arrow

 cavity. It is a

long bone at the root of the

neck just below
 the skin.It is

w
eight bearing bone.

 It is roughly shaped.  It has tw
o ends.T

hey are-1)Sternal extrem
ity 2)A

crom
ia l

extrem
ity.Sternal extrem

ity is inner extrem
ity articulating w

ith sternum
.It is roughly

pyram
idal in shape.A

crom
ial extrem

ity is outer extrem
ity articulating w

ith

scapula.It is flatter.

H
um

erus : It is the bone form
ing upper

arm
. It is long bone of upper lim

b.It has

tw
o extrem

ities and a shaft. U
pper

extrem
ity contains -

Fig. 7.20 T
he S

capula

S
uperior angle

A
crom

ion
S

uperior
border

Suprascapular
notch

Suprascapular
fossa

M
edical

(vertebral)
border

Lateral
(axillary
border

G
lenoid

cavity

Coracoid
process

Inferior angle

C
onoid tubercle

A
crom

ial end

T
rapezoid line

S
ternal end

Fig. 7.21 C
lavicle

greater tuberosity
H

ead

A
natom

ical neck
S

urgical neck

S
piral groove

D
eltoid tuberosity

O
lecranon fossa

M
edial epicondyle

Fig. 7.22 H
um

erus
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a) H
ead

- hem
ispherical in shape.

- articulating w
ith glenoid cavity of scapula at shoulder joint.

b) A
natom

ical neck - below
 the head.

c) G
reater tuberosity

- below
 the anatom

ical neck

- located in the outer side of upper extrem
ity

d) L
esser tuberosity

- below
 the anatom

ical neck

- located at the front

e) B
icipital groove

              - lying betw
een the tw

o tuberosities

f) Surgical neck
- narrow

 point betw
een the tw

o tuberosities

L
ow

er extrem
ity contains -

a) T
rochlea

- pulley shaped surface on inner side

   articulating w
ith ulna

b)
C

apitulum
- on outer side

- It articulates w
ith radius

c) C
oronoid fossa

             - It is a depression located above articulating

   surface for ulna

d) O
lecranon fossa

- It lies at back and receives olecranon

   process of ulna

           e)M
edial and lateral epicondyle - lying on each side of articulating surfaces.

Shaft contains -

a) D
eltoid tuberosity

- rough tubercle on lateral aspect

b) Spiral groove
- also know

n as radial groove. R
adial nerve

   passes through it.

R
adius : It is the outer bone of fore arm

.  It is a long bone. It contains tw
o

extrem
ities and a shaft.

U
pper extrem

ity : It contains -

a) H
ead - It is disc shaped w

ith hollow
 upper surface to articulate w

ith capitulum

of hum
erus. It also articulates w

ith ulna.

b) N
eck  -  It lies below

 the head. It is a constricted portion.

c) R
adial tuberosity - on the ulna side,

there is a projection, w
hich is called

radial tuberosity. R
adial tuberosity

gives insertion to biceps m
uscle.

L
ow

er extrem
ity: It is w

ider part. It form
s

w
rist joint. It has a projection called

styloid process.

Shaft : Shaft of the radius has a sharp ridge

facing ulna. Interosseous m
em

brane

connects  radius and ulna.

U
lna : It is the inner bone of fore arm

. It

contains tw
o extrem

ities and a shaft.

U
pper extrem

ity:It is shaped like a hook and contains -

a) O
lecranon process - upw

ard projection at the back, w
hich fits into olecranon

fossa of hum
erus (w

hen arm
 is kept straight). Its upper border form

s elbow
.

b) C
oronoid process - It is sm

aller projection to the forw
ards. It fits into coronoid

fossa of hum
erus.

c) T
rochlear notch - form

ed by the above tw
o processes w

hich articulates w
ith

trochlear surface of hum
erus.

d) R
adial notch - It is a depression on upper part of coronoid process. It articulates

w
ith head of radius.

Shaft : It tapers tow
ards low

er end. It carries a sharp ridge for attachm
ent of

interosseous m
em

brane lying betw
een ulna and radius.

L
ow

er extrem
ity : It contains -

a) H
ead - rounded part w

hich articulates w
ith low

er extrem
ity of radius.

b) Styloid process - a projection giving attachm
ent to a ligam

ent of w
rist joint.

T
rochlear notch

C
oronoid process

R
adial notch

H
ead of radius

N
eck of radius

B
icipital tuberosity

S
haft of radius

S
haft of ulna

S
tyloid process

Fig. 7.23 
R

adius - U
lna
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B
ones of w

rist :  B
ones of w

rist

are called carpal bones. T
hey

are eight bones arranged in tw
o

row
s.

- B
ones of proxim

al row
 are

scaphoid,lunate,triquetral and

pisiform
 bones.

- 
B

ones 
of 

distal 
row

 
are

trapezium
,trapezoid,capitate

and ham
ate bones.

B
ones of palm

 : B
ones of palm

 are called m
etacarpal bones. T

hey are five m
iniature

long bones each having base and head.

B
ases of m

etacarpal bones articulate w
ith distal row

 carpal bones and heads

articulate w
ith proxim

al row
 phalanges.

B
ones of fingers:B

ones of fingers are called phalanges.T
hey are 14 m

iniature

long bones arranged in row
s. T

hum
b finger has tw

o phalanges and the rem
aining

fingers have three phalanges each.T
hree phalanges in a finger are called proxim

al

phalange,m
iddle phalange and distal phalange.Proxim

al row
 phalanges articulate

w
ith m

etacarpal bones and the joints are called m
etacarpo phalangial joints.

Inter phalangial joints exist betw
een phalangial bones.

B
ones of low

er lim
bs and pelvic girdle :

B
ones of pelvic girdle :  Pelvic girdle form

s link betw
een trunk and low

er lim
bs.

Pelvic girdle is form
ed by 2 innom

inate bones, 1 on each side w
ith sacrum

 and

coccyx behind.Pelvis is divided into-1) G
reater pelvis (false) and

                                                        2) L
esser pelvis (true)

by lineaterm
inalis and prom

ontory of sacrum
. G

reater pelvis is upper expanded

portion. It is bounded on each side by Ilium
 and at back by base of sacrum

.

L
esser pelvis consists of short curved canal. It is deeper at back than front.

Innom
inate bone : It is called as pelvic bone or hip bone. Innom

inate bone is

m
ade of ilium

, ischium
 and pubis. Ilium

,ischium
 and pubis are united at deep

cavity on outer aspect of bone called acetabulum
. O

ssification is incom
plete

am
ong ilium

,ischium
 and pubis betw

een ages of 15-25 years. T
hey are united by

cartilage before this.

D
ifferences betw

een m
ale and fem

ale pelvis : Fem
ale pelvis is shorter than m

ale

pelvis. Fem
ale pelvis is w

ider than m
ale pelvis. It is shallow

er than  m
ale

pelvis.Sacrum
 is shorter and w

ider. Pubic arch form
s obtuse angle in fem

ales

w
hereas it form

s acute angle in  m
ales. Sciatic notch is also w

ider. T
his variation

in fem
ale pelvis adapts fem

ale pelvis for pregnancy and child birth.

B
ones of the low

er lim
b:

B
ones of low

er lim
b are   -Fem

ur (thigh bone)     one on each side

                                 -Patella (knee cap)       one on each side

                                   - T
ibia and fibula(leg bones)tw

o on each side

                                  -Tarsal bones(ankle bones)seven on each side

                                   -M
etatarsal bones(instep bones)five on each side

                                    -Phalanges(bones of toes) (3 x 4) +
2on each side

F
em

ur  :  It is the longest and the strongest bone of the body. It resem
bles

hum
erus of upper arm

.

Features of fem
ur :  It contains -

1)U
pper extrem

ity
2) Shaft 

3) L
ow

er extrem
ity

U
ln

a

L
u

n
a

te

T
riq

u
e

tra
l

P
isifo

rm

C
a

p
ita

te

H
a

m
a

te

R
a

d
iu

s

S
tyloid process

S
ca

p
h

o
id

T
ra

p
e

ziu
m

T
ra

p
e

zo
id

M
e

ta
ca

rp
a

ls

Fig. 7.24 B
ones of w

rist and palm

Iliac crest
Iliu

m

A
nterior superior spine

A
ce

ta
b

u
lu

m

P
u

b
is

S
ym

physis pubis

Iliu
mA

n
te

rio
r

superior spine

P
u

b
is

Sym
physis pubis

Superior ram
us

Inferior ram
us

O
bturator foram

en

Tuberosity of
ischium

Spine of ischium
ischium

G
reat sciatic

notch

Post inferior
spine

Surface
for sacrum

Fig. 7.25    Innom
inate bones
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U
pper extrem

ity : It has follow
ing features.

a) H
ead - spherical in shape and covered w

ith hyaline cartilage.

b) N
eck - long and flat lying below

 head.

c) G
reater trochanter- located on the outer side w

here neck and shaft join.

d) L
esser trochanter - located on inner side w

here neck and shaft join.

e) A
nterior and posterior inter trochantric lines- unite greater and lesser

trochanters.

Shaft : It has follow
ing features.

a) L
inea aspera  - ridge on posterior aspect.

b) G
luteal ridge - extending from

 linea aspera to the back of greater trochanter.

c) Spiral line - extending at the inner aspect from
 linea aspera to lesser

trochanter.

L
ow

er extrem
ity : It has follow

ing features.

a) M
edial and lateral condyles

b) Inter condylar notch - separating the tw
o condyles.

c) A
dductor tubercle - lying above m

edial condyle.

d) Patellar surface.

e) Poplietal surface.

P
atella : It is a sm

all m
obile disc located infront of knee joint in the tendon o f

quardriceps m
uscle. It form

s knee cap. It is a seasm
oid bone. It is triangular in

shape w
ith its apex facing dow

nw
ards. Its posterior surface is sm

ooth. It articulates

w
ith condyles of fem

ur. Its anterior surface is rough.

B
ones of leg: B

ones of leg are - T
ibia and fibula.

T
ibia: It is inner bone of leg. It is stronger than fibula.

It has follow
ing features -upper extrem

ity

                                     - shaft

                                      - low
er extrem

ity

U
pper extrem

ity of  has -a) H
ead, containing     tw

o condyles. T
hey are i) m

edial

condyle ii) lateral condyle. S
urfaces of these condyles articulate w

ith

corresponding condyles of fem
ur.

                                 -  b) Poplietal notch,  separating the tw
o condyles at back.

                               -c) T
ubercle below

 the condyles in the front.

Shaft :  Shaft is triangular in shape. It

has three borders and three surfaces.

C
rest of tibia is located at the m

iddle

third portion of anterior border. Soleal

line is a ridge of bone. It is strong. It is

present in the posterior surface.

L
ow

er extrem
ity :  It is slightly

expanded. Its surface articulates w
ith

talus and form
s ankle joint.

F
ibula :It is outer bone.It does not participate in w

eight bearing.

                            It has
-  upper extrem

ity

-  shaft

-  low
er extrem

ity

             U
pper extrem

ity has head&
styloid process.Shaft is thin and gives

attachm
ent to m

uscles.L
ow

er extrem
ity has lateral m

alleolus and m
alleolar fossa.

Irochanteric fossa

In
te

rtro
ch

a
n

te
ric lin

e

S
h

a
ft

H
e

a
d

N
eck

Lesser
 trochanter

Intertrochanter
C

rest

G
lu

te
a

l rid
g

e

Linea aspers

P
o

p
lite

a
l su

rfa
ce

In
te

rco
n

d
ylo

id
 n

o
tch

M
e

d
ia

l co
n

d
yle

A
rticular surface for patella

L
a

te
ra

l co
n

d
yle

Fig. 7.26 R
ight fem

ur (anterior and posterior view
s)

A
d

d
u

cto
r

tu
b

e
rcle

Spine
M

edial condyle

Popliteal surface

Lateral condyte
Head of fubula

Tubercle

Anterior border

Subcutaneous
surface

M
edial m

alleolus

Lateral m
alleolus

Fig. 7.27 T
ibia - F

ibula
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Tarsal bones:Tarsal bones m
eta tarsal bones and phalanges are collectively called

bones of foot.Tarsal bones are seven  bones in tw
o row

s.Tarsal bones are -

Talus,calcaneum
,navicular,cuboid and 3cuneiform

.  Talus and calcaneum
 are the

m
ost prom

inent bones am
ong tarsals.Talus is the m

ain connecting link betw
een

foot and leg. C
alcaneum

 is the largest bone of foot. N
avicular is disc shaped.

C
uneiform

 bones are three in num
ber. T

hey are-M
edial, interm

ediate and lateral.

M
etatarsal bones :  T

hey are 5 bones. T
heir heads articulate w

ith phalanges.

P
halanges:  T

hey are 14 in num
ber. G

reater toe has tw
o phalanges. R

em
aining

toes have three phalanges each.

JO
IN

T
S

D
efinition : Joint or articulation is a junction betw

een tw
o or m

ore bones.

A
rthrology: A

rthrology is study of joints.

C
lassification of joints : Joints are classified depending on the degree of m

ovem
ent

allow
ed. O

n this basis, there are three types of joints. T
hey are-

1) Fibrous joints (Im
m

ovable) 2) C
artilaginous joints (Slightly m

ovable) 3)

Synovial joints (Freely m
ovable).

F
irbrous Joint :  It is the type of joint w

here there is no m
ovem

ent of bones,

fibrous tissue is the connecting m
edium

 betw
een the bones.

ex: 1) Sutures of skull. a) C
oronal

suture betw
een frontal and

parietal bones. b) S
agittal

suture betw
een parietal bones

2) T
ibiofibular joint betw

een

tibia and fibula 3) Joints

betw
een teeth and jaw

s.

C
artilaginous joints :  It is the type of joint w

here bones form
ing the joint are

slightly m
ovable. Surfaces of the bones at the joint are covered w

ith hyaline

cartilage and fibrous cartilage  or fibrous  ligam
ents act as connecting m

edium
.

E
x: 1) Intervertebral joints

2) Joint betw
een m

anubrium
 sterni and body of sternum

.

Synovial Joints :  It is the joint betw
een

the bones w
here bones are freely

m
ovable.Joint form

ing bone surfaces are

covered w
ith articular hyaline cartilage.

C
avity around the joint is called synovial

cavity. Fluid in the cavity lubricating the

articulating surfaces is called synovial fluid.

Joint is com
pletely surrounded by a fibrous

capsule lined w
ith synovial m

em
brane.ex:

elbow
 joint

Types of Synovial joints :  O
n the basis of type of m

ovem
ent, synovial joints are

divided into several classes.  T
hey are -

1) H
inge joints 2) Pivot joints 3) C

ondyloid joints 4) B
all and socket joint

5) G
liding joints 6) Saddle joint

1) H
inge Joint : It is the type of joint allow

ing unidirectional m
ovem

ent as in knee

and elbow
.

2) Pivot Joint : It is the type of  joint allow
ing rotation only.

C
alcaneum

TalusN
avicular

Interm
ediate cuneiform

M
edial cuneiform

M
etatarsal bones

Phalangial bones

Fig. 7.28  B
ones of foot

C
uboid

Lateral cuneiform

Fibrous tissue

Pericranlum

Section of skull bone

D
iagram

 of a fibrous joint (suture of skull)

D
uram

ater

Fig. 7.29  F
ibrous Joint

C
apsule

Articulat cartilage

Synovial m
em

brane

Fig. 7.30 S
ynovial joint
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ex:i) A
tlas and axis ii) R

adius and ulna.

3) C
ondyloid joint : It is the type of joint allow

ing m
ovem

ent in tw
o planes.

ex : A
nkle joint, W

rist joint.

4) B
all and socket joints : It is the type of joint allow

ing m
ovem

ent in all directions

as a ball in cup shaped socket cavity.ex:shoulder joint and hip joint.

5) G
liding Joints :  It is the type of joint allow

ing the joint form
ing surfaces of

bones to glide over each other.E
x:  C

arpal joints, Tarsal joints.

6) Saddle Joint :  It is the type of joint allow
ing free m

ovem
ent in all directions.

E
x : Joint betw

een m
etacarpal bone of thum

b and trapezium
.

Types of m
ovem

ents at the joints :

V
arious types of m

ovem
ents at joints are -

   1) R
otation m

ovem
ents 2) A

ngular m
ovem

ents 3) G
liding m

ovem
ents

R
otation m

ovem
ents: M

ovem
ents due to one bone m

oving w
ithin another bone

are rotation m
ovem

ents.

Ex:
1) M

ovem
ents of fem

ur in acetabulum
 of hip bone.

2)M
ovem

ent of head rotation of radius over ulna.

3) M
ovem

ent of ball of hum
erus in shoulder joints.

2) A
ngular m

ovem
ents :  T

hey are different types.

a) Flexion : B
ending of parts tow

ards each other.

b) E
xtension : Straightening out of a part from

 other.

c) A
dduction : M

ovem
ent of a part tow

ards m
edial axis.

d) A
bduction: M

ovem
ent of a part aw

ay from
 m

edial axis.

e) Pronation : B
ending of ventral surface dow

nw
ards or turning of palm

dow
nw

ards as in blessing.

f) Supination : T
urning of palm

 upw
ards as in begging.

g) C
ircum

duction :  M
ovem

ent involving flexion, abduction, extension and

adduction in a sequence. ex: M
ovem

ent in shoulder.

3)G
liding m

ovem
ents:G

liding m
ovem

ent is type of m
ovem

ent in w
hich tw

o flat

surfaces m
ove on each other.ex :1)M

ovem
ent of carpal bones in w

rist.

                                                   2)M
ovem

ent of tarsal bones in foot.

Joints of hum
an body:Joints of hum

an body can be classified on the basis of

anatom
ical location into  - 1) Joints of the H

ead 2) Joints of trunk 3) Joints of

upper lim
b 4) Joints of low

er lim
b.

Joints of H
ead :

T
he only m

ovable joint in head is tem
porom

andibular joint. It lies betw
een

tem
poral bone and head of m

andible. Sutures of the skull are im
m

ovable joints.

Sutures are already described in the previous sections of this chapter. U
nossified

m
em

branous areas at the junctions of bones of skull are called fontanelles. T
hey

have also been dealt in the previous sections of this chapter.

Joints of trunk : Joints of trunk are -

1) Intervertebral Joints 2) C
ostovertebral Joints 3) Sternocostal Joints.

Inter vertebral joints : T
hey are the joints betw

een all vertebrae from
 second

cervical vertebra to sacrum
. Joints betw

een vertebral bodies are slightly m
ovable

w
here as joints betw

een vertebral arches are synovial joints.

C
ostovertebral Joints :  Joints betw

een ribs and vertebrae are called costovertebral

joints. T
hey allow

 gliding m
ovem

ents.

Sternocoatal Joints : Joints betw
een ribs and sternum

 are sternocostal joints .

T
hey also allow

 gliding m
ovem

ents.

Joints of upper lim
b : Joints of upper lim

b are -

1) Sernoclavicular joint : G
liding type of joint betw

een sternum
 and clavicle.

2) A
crom

io - clavicular joint : C
ondyloid joint betw

een clavicle and scapula.

M
ovem

ent is lim
ited in all directions.

3) Shoulder joint :   B
all and

socket betw
een scapula and

hum
erus. Flexion, extension,

adduction, abduction, rotation

and circum
duction occur at this

joint.

C
artilage extension

Articular cartilage

Pad of fat

C
apsule

Synovlat m
em

brane

H
um

erus

Fig. 7.31  S
houlder Joint
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4) E
lbow

 Joint :  C
om

posed of hum
ero ulnar joint, hum

ero radial joint. H
inge

joint betw
een hum

erus and ulna, hum
erus and radius. Flexion and extension

occur at this joint.

5) R
adio ulnar joints :  Pivot joints betw

een radius and ulna. T
hey are superior

radio ulnar joint and inferior radio ulnar joint. Pronation and supination

m
ovem

ents occur at these joints.

6) W
rist joint :  C

ondyloid joint betw
een radius and carpal bones. It is also

know
n as radiocarpal joint. Flexion, extension, abduction and adduction occur

at this joint.

7) Intercarpal joints :  G
liding joints betw

een carpal bones.

8) C
arpom

etacarpal joints :  G
liding joints betw

een carpal bones and m
etacarpal

bones. C
arpom

etacarpal joint of thum
b is saddle type joint.

9) M
etacarpo phalangeal joint :  C

ondyloid type of joints betw
een m

etacarpal

bones and proxim
al row

 phalanges. Flexion, extension, adduction and

abduction occur at these joints.

10) Interphalangeal joints : H
inge joints betw

een phalanges. Flexion and

extension occur at these joints.

Joints of low
er lim

b :

1) H
ip Joint : B

all and socket type joint betw
een

hip bone and fem
ur. Flexion, extension,

abduction, adduction and circum
duction occur

at this joint.

2) K
nee joint : H

inge joint betw
een fem

ur and

tibia. Patella is present on sm
ooth surface of

fem
ur. It helps in gliding m

ovem
ents. Flexion

and extension occur at this joint.

3) T
ibiofibular joints : Fibrous joints betw

een tibia and fibula at their low
er and

upper extrem
ities.

4) A
nkle joint : H

inge joint betw
een tibia and tarsals. D

orsiflexion and plantar

flexion occur at this joint.

5) Tarsom
etatarsal joints : G

liding joints betw
een tarsal bones and m

etatarsal

bones.

6) M
etatarso phalangeal joints : G

liding joints betw
een m

etatarsal bones

and phalanges.

7) Inter phalangeal joints : G
liding joints betw

een phalanges.

8) M
ediotarsal joints : Joints betw

een talus w
ith navicular and calcaneum

 w
ith

cuboid.

9) Talocalcaneal joint : Joint betw
een talus and calcaneum

. M
ovem

ent is rocking

type.

Sum
m

ary
B

one is the hardest connective tissue of body. Joint is any connection

betw
een tw

o bones. B
ones are classified into long bones, short bones,flat bones,

irregular bones and sesam
oid bones. Totally there are 206 bones in the hum

an

skeleton .T
hey can be classified into  bones of the skull,bones of the trunk,

bones of upper lim
b and bones of low

er lim
b.Joints are classified into fibrous

joints, cartilaginous joints and synovial joints. Synovial Joints are classified into

gliding joint,hinge joint,pivot joint, ball and socket joint, condyloid joint and saddle

joint.

E
ssay Q

uestions

1)
C

lassify bones of hum
an skeleton and w

rite about bones of cranium
.

2)
W

rite about bones of face.

3)
W

rite note on bones of upper lim
b, low

er lim
b and bones of w

rist and

hand.

4)
W

hat are the bones of thorax? W
rite about ribs.

5)
W

rite about bones of foot.

6)
C

lassify joints. W
hat are different synovial joints?

7)
W

rite the joints of body.

Short A
nsw

er Q
uestions

1)
W

hat are the functions of skeletal system
?

AcetabulumSynovial cavity

Ligam
entum

C
apsule

Fig. 7.32 S
ection of hip joint

Fem
ur

C
apsule

8
4

8
3



2)
D

efine ossification. W
hat are the types?

3)
W

hat are various classes of bones?

4)
M

ention the bones of skull.

5)
G

ive the list of bones of trunk.

6)
W

rite the bones of upper lim
b.

7)
M

ention the bones of low
er lim

b.

8)
H

ow
 m

any bones are there in cranium
? M

ention.

9)
M

ention the im
portant sutures of cranium

.

10)
W

rite the features of frontal bone.

11)
W

hat are different parts of tem
poral bones?

12)
W

hat are fontanelles? M
ention the types.

13)
M

ention the sinuses of skull.

14)
W

rite the functions of sinuses.

15)
M

ention the bones of the face.

16)
W

hat is m
andible? N

am
e the parts.

17)
N

am
e the bones of upper lim

b.

18)
W

hat are the surfaces of scapula?

19)
W

rite the bones of w
rist.

20)
M

ention bones of thorax.

21)
W

hat are different classes of vertebrae?

22)
M

ention the num
ber of 1) T

horacic vertebrae 2) L
um

bar vertebrae

23)
M

ention the bones of pelvic girdle.

24)
W

hat are the features of pubis bone?

25)
W

rite the parts of pelvis.

26)
D

ifferentiate betw
een m

ale and fem
ale pelvis.

27)
M

ention the bones of low
er lim

b.

28)
D

escribe fibula.

29)
W

rite the features of upper extrem
ity of fem

ur.

30)
W

hat are the bones of foot? M
ention w

ith num
ber.

35)
M

ention the classes of joints.

36)
W

rite the characteristics of synovial joints.

37)
D

efine a) G
liding joint  b) H

inge joint

38)
W

rite the m
ovem

ents of  a) W
rist joint  b) H

um
eroulnar joint

39)
M

ention joints of low
er lim

b.

40)
W

rite the joints of foot.

41)
M

ention the bones joined by   a) Tarsal joints b) Inter phalangial joints.

42)
N

am
e the joints joining a) Tarsal and M

etatarsal bones  b) M
etatarsal and

phalangeal bones.
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8. N
E

R
V

O
U

S SY
ST

E
M

N
ervous system

 controls and integrates the functions of hum
an body.

N
ervous system

 consists of neurons, its fibres, dendrites and axons.

N
ervous tissue: It is com

posed of neurons and neuroglia.

N
euron: It is the structural and functional

unit of nervous system
.  It is m

ade of nerve
cell body, dendrites and axons.  N

erve
cell body consists of large nucleus, neuro
fibrils and N

isslgranules, w
hich are present

in neuroplasm
.  N

ervecell body also con-
tains m

itochondria and other cell or-
ganelles.  D

endrites are the receptive fi-
bres receiving im

pulses and transm
iting

them
 to the nerve cell body.  A

xons carry
im

pulses aw
ay from

 the nerve cell body.

T
ypes of neurons: O

n the basis of no.
of processes, they are classified into

a)
A

polarneurons – N
eurons having

no processes
b)

U
nipolarneurons – N

eurons having only one process axon.
T

hese tw
o types are found only in foetal life.

c)
B

ipolarneurons – N
eurons having one axon at one pole and dendrite at

the other pole.
d)

Pseudounipolar neurons – N
eurons,w

hich are typically bipolar at first
and spindle shaped,but cell processes converging to m

eet at one side of the cell
body as the devolopm

ent proceeds.T
hey are found in all spinal ganglia and  gan-

glia of cranial nerves except 8th cranial nerve.
e)

M
ultipolar neurons – N

eurones having  m
ost varied form

.  T
hey are

found in cerebral cortex,nuclei of trigem
inal nerve and m

otor neurons of spinal
cord.
Types of nerve fibres:H

istologically there are tw
o types of nervefibres.

1)M
edullated

2) N
on m

edullated
In m

edulloted or m
yelinated nerve fibres, axon is covered by m

yelinsheath ex-
cept at the nodes of R

anvier.  In nonm
edullated or non m

yelinated nerve fibres,

axons are not covered by m
yelinsheath.

N
euroglia: N

euroglia is a special type of interstitial tissue present both in grey
and w

hite m
atter.  T

here are three types of neuroglia.
1)A

strocytes
a)protoplasm

ic astrocytes
b)fibrous astrocytes

2)O
ligodendroglia or oligodendrocytes (having few

 processes)
3)M

icroglia (having sm
all size)

A
strocytes and oligodendrocytes are ectoderm

al in origin.  M
icroglia is m

eso -
derm

al in origin.
Synapse: Synapse is the junction w

here one neuron ends and another neuron
begins.
C

lassification of synapses:
T

hey are-1)A
xosom

atic synapse 2)A
xo dendritic synapse

3)
A

xo-axonic synapse.
In axosom

atic synapses, presynaptic term
inal of the axon ends in the cell body

of neurone.In axodendritic synapse, presynaptic fibres of any axon end in the
dendrites of postsynaptic cell.In A

xo-axonic synapse presynaptic fibres of any
axon ends in the axon of the postsynaptic cells.
A

natom
y of the synapse: M

icroscopic anatom
y of a m

otor neurone of the
anterior horn cells of the spinal cord show

s the m
ain body of the neurone- som

a,
dendrites, axon and m

ultiples presynaptic term
inals (synaptic knobs) ending in

the som
a and dendrites.  T

hese presynaptic term
inals are the ends of the

neurofirbrils of other neurones .Presynaptic fibres end in an expanded term
inal

called synaptic knob.Synaptic knob and som
a have intact m

em
brane.M

em
brane

of the synaptic knob is called presynaptic m
em

brane.M
em

brane of the som
a is

called postsynaptic m
em

brane.

N
eurom

uscular junction is the junction w
here m

otor nerve ends into m
uscle

The nerve cell

M
yelin sheath

A
xon

N
ode of R

anvier

M
otor end plate

Skeletal
m

uscle firbre

Fig. 8.1 
A typical N

euron

Postsynaptic (Subsynaptic)
M

em
brane

Presynaptic filam
ents

(C
analiculi)

M
itochondrion

G
lial M

em
brane

Presynaptic
C

ytoplasm

Presynaptic
N

eurofilam
ents

D
endrite

D
endritic
Spine

Spine Appartus

Synaptic cleft
Presynaptic
M

em
brane

Synaptic Vesicle

Fig. 8.2 
A

xodendritic synapse
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  fibre.  It is also called as m
yoneural junction.M

otor nerve loses its
m

yelin sheath before ending into m
uscle fibre.A

t its term
ination,nerve fibre

branches into several expanded com
plicated structures w

hich are know
n as axon

term
inals or sole feet.

                D
iagram

m
atic representation of N

eurom
uscular junction

N
erve E

ndings:N
erve endings are the term

inal bodies w
here the nerve fibres

end in the periphery.  H
istologically, there are tw

o fundam
ental types of endings:

1)Free term
inals

2)C
onnective tissue body.

In free term
inals, nerve fibres end as naked tw

igs of axis cylinder. In connective
tissue body, the nerve fibre ends inside a special connective tissue.Functionally,
the nerve endings are tw

o types.1)M
otor nerve endings 2) Sensory endings.

Sensor endings are also called as “sensory receptors”.
R

eceptors:Sensory receptors are a specialised structure that can be stim
ulated

by environm
ental  changes as w

ell as by changes w
ithin the body.  It can be

defined as the term
inal afferent endings that undergo depolarisation in response

to specific type of physical stim
uli.

R
eflex arc:R

eflex arc is com
plete pathw

ay for a reflex action.  It com
prises of

three parts.
1) A

fferent lim
b

-
consisting of receptor and afferent nerve fibre.

2) C
entre

-
consising of nerve cells

3)E
fferent lim

b
-

consisting of a)efferent or m
otor nerve fibre and its

endings.b)effector organ i,e, m
uscle.

4)Synapse -w
hich is link betw

een tw
o

neurones.
T

yes of reflex arcs:1)M
ono synap-

tic reflex arcs(containing one synapse)
2)D

isynaptic reflex arcs(containing
tw

o synapses)
3)Polysynaptic reflex arcs(containing

m
any interm

ediate neurons and effec-
tors)
Spinal cord:It is a long cylindrical,anterioposterially flattened nervous cord.It is
located in the vertebral colum

n.It extends from
 level of foram

en m
agnum

 above
to the
levl of the disc betw

een 1st and
2nd lum

bar vertebrae below
.

L
ow

er end of spinal cord
consists of a bunch of nerves.
T

his bunch appears like horse’s
 tail.H

ence it is called cauda equina.
T

he term
inal nerve is thin

and long. It is called filum
term

inale.
T

.S. of spinal cord:T.S. of
Spinal cord show

s 1)C
entral canal2)G

ray m
atter&

3)W
hite m

atter
 C

entral C
anal: C

entral canal is in the m
iddle of the spinal cord.It is lined by

cubical ciliated epithelium
.C

erebrospinal fluid (C
.S.F) circulates through this canal.

T
he central canal actually pierces through the isthm

us (com
m

issure) of the tw
o

sym
m

etrical lateral halves of the gray m
atter.  Parts of the gray m

atter in front of
the central canal is know

n as anterior (ventral) gray com
m

issure and the sam
e on

behind the lcentral canal is know
n as posterior (dorsal) gray com

m
issure.

G
ray m

atter: It is in the form
 of a rough crescent one on each side.  E

ach cres-
cent has three parts - anterior horn, lateral horn and posterior horn.  G

ray m
atter

is chiefly com
posed of three elem

ents-a)nerve cells, b) neuroglia&
 c) nerve

fibres.L
ateral horn projects in the thoracic region of spinal cord.

W
hite m

atter: W
hite m

atter of the spinal cord surrounds the gray m
atter and

consists of m
yelinated and unm

yelinated fibres.  M
yelinated fibres are predom

i-
nating.  T

he lateral half of w
hite m

atter on each side is divided into three com
-

partm
ents, anterior w

hite colum
n, lateral w

hite colum
n and posterior w

hite col-
um

n.

SPIN
A

L N
E

R
V

E
S

T
here are 31 pairs spinal nerves.T

hey are 7 cervical, 12 thoracic, 5
lum

bar, 5 sacral  and 2-3 coccygeal.T
he first cervical nerve originates from

 the
m

edulla oblongata and leaves the spinal canal betw
een the occipital bone and

atlas.  O
ther cervical spinal nerves arise from

 the spinal cord, and each leaves

M
yelin sheath

A
xon

Synaptic G
utter

(Palisades)
Sarcolem

m
a

N
ucleus of

Schw
ann C

ell
Term

inal
Schw

ann C
ell

(Teloglia)
Synaptic

C
left

N
ucleus of

M
uscle fibre

Sarcoplasm
Sole Foot (Axon Term

inal)

Fig. 8.3

Internuncial N
euroneW

hite M
atter

G
rey M

atter
C

entral C
anal of the Spinal C

ord
Efferent Neurone

Effector O
rgan-M

uscle

Afferent Neurone

Posterior root ganglion
Receptor

Fig. 8.4 R
eflex arc

Posterior
m

edian septum

Posterior
root ganglion

Posterior
w

hite colum
n

Lateral w
hite

colum
n

Anterior
W

hite colum
n

Anterior M
edian

Fissure

C
entral canal of
spinal cord

C
larke’s C

olum
n

Lateral horn cell
Anterior horn cell

Anterior root

Posterior root
Substantia G

elatinosa
of Rolando
Posterior Horn Cell

Fig. 8.5 T.S. of Spinal C
ord
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the spinal canal through an intervertebral foram
en above the verebra w

hose num
-

ber it bears.  T
he eighth spinal nerve em

erges from
 the vertebral colum

n below
the seventh cervical vertebra.  A

ll the other spinal nerves em
erge from

 the spinal
cord below

 the vertebra w
hose num

ber it bears.  T
he coccygeal nerves pass

from
 the low

er extrem
ity of the spinal canal.

Tracts:  Fibres carrying different sensations enter the spinal cord through the
posterior roots.  Inside the cord, a rearrangem

ent takes place.  Fibres carrying
one kind of im

pulse tend to collect into a bundle.  Such bundles are called sen-
sory tracts.  M

otor tracts are also form
ed on sim

iliar lines.
A

 tract m
ay be defined as a bundle of fibres carrying one or a group of

m
otor or sensory im

pulses in the central nervous system
.

T
racts can be divided into 3 classes.

1)A
scending tracts

2)D
escending  tracts

3)Intersegm
ental fibres

A
scending tracts are sensory tracts. D

escending tracts are m
otor tracts.

Intersegm
ental fibres are both ascending and descending.

B
rain stem

:
B

rain stem
 includes m

id brain,
m

edulla oblongata and ponsvaroli.
M

idbrain contains cerebral peduncles,
cerebellar 

peduncles, 
corpora

quadrigem
ina, red nucleus etc.

M
id

b
rain

: M
idbrain is connection

betw
een fore brain and hindbrain.  D

orsal
part of m

idbrain contains four round
em

inences.
T

hese four rounded em
inences are called corpora Q

uadrigem
ina.  V

entral part
of m

idbrain contains a pair of cerebral peduncles.  T
hese are cylindrical bodies.

C
erebral peduncles consist of B

asis pedunculi, substantia lnigra, tegm
entum

.
R

ednucleus consists of tw
o groups of cells-nucleus m

agnocelluforis and
nucleus parvocellularis.
Ponsvaroli: It is located above m

edulla oblongata.  A
nteriorly, it appears as a

bulging m
ass of transverse fibres, posteriorly, it is separated from

 cerebellum
 by

fourth ventricle. T.S. of pons varoli show
s tw

o m
ain portions.

M
edulla obrongata: It is also called spinal bulb.  It is continuation of cervical

part of spinal cord and is conically expanded.  It extends from
 foram

en m
agnum

to the caudal border of pons.

It is approxim
ately 28m

m
 long.  Sulci present on surface of spinal cord also

continue upw
ard into m

edulla.

C
erebellum

:  C
erebellum

 is the largest part of hind brain.  It lies behind pon s
and m

edulla oblongata.   A
verage w

eight of cerebellum
 in adults is about 150gm

.
C

erebellum
 consists of right and left cerebellar hem

ispheres.T
hey are joined by

verm
is.  From

 functional and m
orphological point of view

, cerebellum
 consists of

tw
o parts.  T

hey are 1)Floculondular lobe
2)C

orpus cerebelli

Floculonodular lobe is separated from
 corpus cerebelli by posterior lateral fis-

sure.

Phylogenetically cerebellum
 is divided into

1)A
rchicerebellum

2)Palaeocerebellum
3)N

eo cerebellum
A

fferent and efferent fibres connecting the cerebellum
 w

ith extra
cerebellar regions run through three large bundles.  T

hey are know
n as superior,

m
iddle and inferior cerebellar peduncles.

T
halam

us: It is a large collection of nerve cells.  It is  located at the top o f
m

idbrain.  Five m
ain nuclear m

asses of T
halam

us are-
1) M

edial nuclear m
ass

Fig. 8. Lateral view
 of brain stem

C
u

lm
e

n
S

u
p

e
rio

r ce
re

b
e

lla
r

p
e

d
u

n
cle

F
o

u
rth

ve
n

tricle
A

n
te

rio
r

M
e

d
u

lla
ry ve

lu
m

M
id

d
le

 ce
re

b
e

lla
r

p
e

d
u

n
cle

F
locculus

N
o

d
u

le
U

vu
la

Inferior cerebellar
p

e
d

u
n

cle
D

e
clive

P
rim

a
ry

fissureFig. 8.7 S
uperior surface and Inferior surface of cerebellum

W
hite m

atter
D

orsal N
erve root

D
orsal Prim

ary ram
us

Ventral prim
ary ram

us

Autonom
ic ganglion

Visceral
branch

M
eningeal
branch

trunk

ganglion

ventral nerve root

gray m
atter

F
ig. 8.6 Typical spinal thoracic nerve
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2) L
ateral nuclear m

ass
3) M

idline nuclei
4) Intralam

inar nuclei
5) Pulvinar nuclei

Internal capsule: It is a ‘V
’ shaped band of fibres.  It is bounded m

edially by
thalam

us and caudate nucleus.  It is laterally bounded by lentiform
 nucleus.

It is divided intoa)A
nterior lim

b
b)Posterior lim

b
c)G

enu.
B

asal ganglia: B
asal ganglia includes corpus striatum

, claustrum
, rednucleus,

body of L
uys and substantia nigra. C

orpus striatum
 includes caudate nucleus,

globus pallidus and putam
en.

C
orpus striatum

: It is a m
ass of gray m

atter lateral and anterior to thalm
us.

A
nterior lim

b of internal capusule divides corpus striatum
 into tw

o parts incom
-

pletely.  T
hey are caudate nucleus and lentiform

 nucleus.  C
audate nucleus is

sm
all anterior part and lentiform

 nuclus is larger posterior part.
Substantia nigra: It is a crescentic m

ass of nerve cells.  It contains m
elanin.  I t

lies betw
een cruscerebri and tegm

entum
 of m

idbrain.
B

ody of L
uys: It is also called corpus luysi or subthalam

ic nucleus.  It lies
laterally and ventrally to red nucleus.  It lies dorsal to substantia nigra.  It is
connected to red nucleus, substantia nigra and globus pallidus etc.
Subthalam

us: It is dosally bounded by thalam
us.  It is bounded m

edially and
rostrally by hypothalam

us.  It is bounded laterally and ventrally by pespedenculi
and neighbourhood area of internal capsule.
R

eticular F
orm

ation: D
iffused ill defined m

ass of nerve cells and fibres form
m

esh w
ork in the central portion of brainstem

.It is collectively called reticular
form

ation.  It extends upw
ard into thalam

us and subthalam
us.  It extends dow

n-
w

ards into spinal cord.  Parts of reticular form
ation w

hich play roles in w
akefuness

are called ascending reticular activating system
.  D

escending reticular system
com

prises descending inhibitory reticular projection and descending facilitatory
reticular projection.
V

estibular apparatus: It consists of bony labyrinth lodging m
em

branous laby-
rinth.  B

ony labyrinth includes vestibule, sem
i circular canals and cochlea.  T

hese
three cavities are filled w

ith perilym
ph.  Perilym

ph is a clear fluid of high sodium
.

M
em

branous labyrinth lies w
ithin bony labyrinth. M

em
branous labyrinth is filled

w
ith endolym

ph.  E
ndolym

ph containts high potassium
 cotent.

Sem
i circular canals: T

hey are three in num
ber and lying in three planes at right

angles to one another.  T
hese are lateral, anterior and posterior canals.  L

ateral
canal is horizontal and other tw

o are vertical.
A

nterior and posterior canals m
ake an angle of 45

0 w
ith frontal and sagittal planes.

E
ach canal begins in a dillation.  T

his dillation is called as ‘am
pulla’.  H

istologi-
cally, each canal has three layers.

1)O
uter  vascular and fibrous coat

2)M
iddle thicker, hom

ogeneous and transparant coat form
ing basem

ent m
em

-
brane.

3)Inner layer m
ade up of cubical epithileum

.
O

tolithic O
rgan: It consists of saccule and utricle.H

istologically it consists of
sam

e coats as that of sem
icircular canals.  B

oth in saccule and utricle, a sense
organ is present.  It is called ‘m

acula’.
C

erebrum
: C

erebral hem
ispheres develop from

 the roof of the forebrain.  C
e-

H
ead of

caudate
nucleus

C
audate

nucleus

Thalam
us

Lateral
G

eniculate
B

ody

M
itam

en
and globus allidus

O
ptic tract

A
m

ygdaloid
N

ucleus

Tail of
C

audate nucleus

Fig. 8.7 Lateral veiw
 of basal ganglia

Fig. 8.7 P
rincipal thalam

ic nuclei
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rebrum
 consists of tw

o sym
m

etrical hem
ispheres,.  T

hey are seperated by a
deep m

edian furrow
.  T

hey are connected by corpus callosum
.  C

orpus callo-
sum

 is broad band of com
m

issurall fibres.  Total surface area of adult cortex is
about 200 sq, cm

.  E
ach hem

isphere has five m
ain

 lobes.1)
Frontal lobe

2)
Parietal lobe

3)
O

ccipital  lobe
4)

Tem
poral lobe

5)
L

im
bic area.

E
ach hem

isphere has four m
ain fissures

1)
C

entral sulcus or R
olandic fissure

2)
Parieto-occipital sulcus

3) Sylvian fissure
4) C

allosom
arginal fissure.

Frontal lobe has four gyri. -
1)Precentral gyrus
2)Superior gyrus
3)M

iddle gyrus
4)Iinferior gyrus .

Tem
peral lobe has three gyri
1) Superior gyrus
2) M

iddle gyrus
3) Inferior gyrus.

Pre central gyrus of frontal lobe is vertical all other gyri are horizontal.G
ray m

at-
ter of C

erebrum
 is called cortex.  It form

s surface layer.  It is thickest at the
precentral gyrus w

ith thickness of 4.5 m
m

 and thinnest at frontal and occipital
poles w

ith thickness of 1.3 m
m

.W
hite m

atter rem
ains under the gray m

atter.It is
com

posed of three groups of m
edullated

fibres-1)Projection fibres
2)

A
ssociation fibres

3)
C

om
m

issural fibres.

H
istologically, cortex has three divisions

1)
A

llocortex
2)

Isocortex
3)

Juxtallocortex or m
esocortex

Precentral gyrus is m
otor cortex w

hile post central gyrus is censory cortex.  C
ortex

has w
ell defined areas.  E

ach area is surrounded by psycho area.Frontal lobe
m

ainly consists of speech centre.  Tem
poral lobe consists of auditory cortex.

Parietal cortex is concerned w
ith higher appreciation of sensation.  O

ccipital
lobe consists m

ainly of visual cortex.
M

eninges:T
he brain and spinal cord are surrounded by three coverings be-

neath the bones.  T
hese layers from

 w
ithin outw

ard are
1.

Piam
ater

2.A
rachnoid m

ater and
3.

D
ura m

ater.
T

he pia m
ater closely covers the brain and spinal cord.  It is very deli-

cate, highly vascular and dips dow
n into the fissures of the cortex of brain.

T
he A

rachnoid m
ater: It is delicate layer lying betw

een dura m
ater and pia

m
ater. In betw

een arachnoid m
ater and piam

ater there is a space called
subarchnoid space.  C

erebrospinal fluid fills up this space.  T
he C

SF can be
obtained from

 the suarachnoid space of the lum
bar region.

T
he D

ura m
ater: It is the outer m

ost, tough fibrous m
em

berane extending
dow

n to the level of second sacral verteb ra.  It consists of tw
o layers-  external

and internal layers.
T

here is a space betw
een dura m

ater and arachnoid m
ater, called sub-

dural space.  A
ll the m

eninges give protection to the brain and the spinal cord.
C

erebral V
entricles: T

hese are the cavities in the brain w
here C

SF flow
s and

bathes the w
hole brain.  T

here are four ventricles tw
o lateral ventricles, a third

ventricle and a fourth ventricle.
L

ateral ventricles are present in the cerebrum
.  T

hird ventricle lies in
betw

een tw
ol halves of the thalam

us.  Fourth ventricle lies in front of cerebellum
and behind the m

edulla oblongata and pons varoli.

Fig. 8.10 M
ain gyri and sulci of

cerebral hem
isphere
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C
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Fig. 8.8 Lateral surface of right
cerebral hem

isphere
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C
R

A
N

IA
L N

E
R

V
E

S
T

hey are tw
elve pairs.T

hey are-

1) O
lfactory nerves

2) O
ptic nerves

3) O
cculom

otor nerves

4) T
rochlear or pathetic nerves

VI     Abducens general som
atic sensory(af)

lateral rectus
som

atic m
otor (ef)

lateral rectus

VII    Facial
general som

atic sensory (af)
external ear,m

iddle ear etc
special visceral m

otor (ef)
facial m

uscles,neck,pinna,part of scalp
                           special visceral sensory (af)

taste buds of anterior two thirds of tongue
                           general visceral m

otor(ef)
sublingual,subm

axillary salivary glands,
lacrim

al glands

VIII  Vestibulo cochlear
-Cochlear

special som
atic sensory(af)

organ of corti
-Vestibular

special som
atic sensory (af)

sem
i circular canals, utricle, saccule

IX
 G

losso-
general visceral sensory (af)

m
ucous m

em
brane of pharynx,

pharyngeal
posterior1/3rd of tongue

special visceral sensory(af)
taste buds of poserior1/3rd of tongue

general som
atic sensory (af)

pharyngeal m
uscles, palatine tonsil and

adjacent  part  of soft palate etc.
special visceral m

otor (ef)
laryngeal m

uscles
general visceral m

otor (ef)
secretory fibres to parotid

X   Vagus
m

ixed
pharynx, larynx, thoracic
and abdom

inal viscera

XI  Spinal          special visceral m
otor (ef)

m
uscles of neck and shoulder

accessory

XII  Hypoglossalsom
atic m

otor (ef)
m

uscles of tongue

af:afferent                     ef:efferent
A

utonom
ic nervous system

:
A

utom
onic nervous system

 controls the activity of viscera.  Its actions
are independent of w

ill.A
N

S is supplied to all the organs except skeletal m
uscles,

w
hich  are supplied w

ith som
atic nervous system

.A
lthough it is independent of

C
.N

.S.,it is connected by afferent and efferent nerves to C
.N

.S.Particularly hy-
pothalam

us controlls this system
..A

natom
ically, it can be classified into 1)C

ran-
iosacral   and 2)T

horacolum
bar system

s.Functional classification is-1)Sym
pa-

thetic (T
horacolum

bar)2)Parasym
pathetic(C

raniosacral)
Parasym

pathetic outflow
 takes place from

 cranial and sacral regions.C
ranial out

flow
 takes place through four cranial nerves-O

cculom
otor(III), Facial(V

II), G
los-

sopharyngeal (IX
), V

agus(X
)and third to fifth sacral nerves.Sym

pathetic (T
horac

olum
bar) out flow

  occurs through all 12 thoracic nerves and 1st 3 lum
bar nerves.

H
ypothalam

us:
H

ypothalam
us and T

halam
us are present in D

iencephalon.It is located at
interpedencular space below

 thalam
us. It has close relation w

ith Pituitary gland.It

5) Trigem
inal nerves

6)A
bducens nerves

7)Facial nerves

8)A
uditory or vestibulocochlear nerves

9)G
losso pharyngeal nerves

10)V
agus nerves

11) Spinal accessory nerves

12) H
ypoglossal nerves

S.No.&nam
e             

Type
                       organs innervated

I.  O
lfactory

special som
atic sensory  (af)

O
lfactory epithelium

II
O

ptic
special som

atic sensory  (af)
retina

III
O

cculo
som

atic m
otor (ef)

m
edial&inferior rectus,

m
otor

inferior oblique m
uscles,

IV Trochlear
general som

atic sensory (af)
superior oblique m

uscle
som

atic m
otor (ef)

V  Trigem
inal

special visceral m
otor (ef)

pinna,lower face,teeth,gum
s of m

andible
general som

atic sensory (af)
cornea,ciliary body and iris,
lacrim

al glands,conjunctiva etc

 general som
atic sensory  (af)         ciliary m

uscles
general visceral m

otor     (ef)          sphincterpupillae,levator

O
lfactory tract

H
ypophysis

O
p

tic ch
ia

sm
a

In
fu

n
d

ib
u

lu
m

C
e

re
b

ra
l

P
e

d
u

n
cle

O
ptic tract

M
a

m
m

illa
ry

B
o

d
ie

s

S
p

in
a

l
C

ord

Fig. 8.12 U
nder surface of brain show

ing cranial nerves

O
lfactory bulb
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is the highest centre for A
.N

.S..It is derived from
 basal  plate of diencephalon.It

form
s com

plex nuclei and fibres.It consists of the follow
ing nuclear

m
asses.1)A

nterior group2)M
iddle group3)Posterior group.A

fferent connections
to hypothalam

ic nuclei from
 different parts of brain  are- 1)C

orticom
am

m
illary

fibres  2)Fibres from
 m

edial thalam
ic nuclei 3)O

lfactohypothalam
ic fibres

4)O
rbital lobe projections etc.E

fferent connections to different parts of brain
from

 hypothalam
us are-1)M

am
m

illothalam
ic tract  2)H

ypophysis-hypothalam
ico-

hypophyseal tract etc.
        for figure refer to hypothalam

us topic in E
N

D
O

C
R

IN
E

 G
L

A
N

D
S.

Sum
m

ary
N

ervous system
 consists of neurons, its fibres, dendrites and axons.

N
ervous tissue is m

ade of neurons and neuroglia. N
euron is the structural and

functional unit of nervous system
. Synapse is the junction w

here one neuron
ends and another neuron begins. A

t neurom
uscular junction, m

otor nerve fibre
ends into m

uscle fibre. R
eflex arc is com

plete path w
ay for a reflex action. H

is-
tologically spinal cord consists of central canal, G

ray m
atter and w

hite m
atter.

Spinal nerves are 31 pairs. T
hey are 7 cervical, 12 thoracic, 5 lum

bar, 5 sacral
and 2-3 coccygeal. B

rainstem
 includes m

id brain,. m
edulla oblongata and pons

varoli. C
erebellum

 is the largest part of hind brain. T
halam

us is located at the top
of m

id brain. B
asal ganglia includes corpus striatum

, claustrum
, rednucleus, body

of luys and suhbstantianigra. C
orpus striatum

 includes caudate nucleus, globus
pallidus and putam

en. R
eticular form

ation is ill defined m
ass of nerve cells and

fibres form
ing m

esh w
ork in the central portion of brainstem

. C
erebrum

 consists
of tw

o sysm
m

ertrical hem
ispheres. H

istologically cortex has three divisions. B
rain

and spinal cord are covered by piam
atter, arachnoid m

atter and duram
atter.

C
ranial nerves are 12 pairs in num

ber. A
N

S is divided into craniosacral and
thoracolum

bar system
s. D

iencephalon contains thrlam
us and hypothalam

us.

                                         E
ssay Q

uestions
1)

W
rite the anatom

y of brainstem
.

2)
W

hat are cranial nerves and their distribution?
3)

E
xplain a)Spinal cord  2) A

N
S  3) H

ypothalam
us

                                  Short A
nsw

er Q
uestions

1)
W

hat is nervous tissue?
2)

D
efine neuron and m

ention its types.
3)

W
hat is synapse?

4)
W

hat is neurom
uscular junction?

5)
D

efine receptors.
6)

W
hat are parts of reflex arc?

7)
W

rite the histology of spinal cord.
8)

M
ention types of spinal tracts.

9)
W

hat are the parts of brainstem
?

10)
W

rite about m
edulla oblongata.

11)
N

am
e the nuclear m

asses of thalam
us.

12)
M

ention the parts of basal ganglia.
13)

W
rite the lobes of each cerebral hem

isphere.
14)

N
am

e the coverings of brain and spinal cord.
15)

W
hat are organs of distribution of   a) O

lfactory  b) Facial nerves
16)

N
am

e the divisions of A
N

S.
17)

W
rite the parts of D

iencephalon.
18)

W
here is speech centre located?1

0
0

9
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9.  E
N

D
O

C
R

IN
E

 SY
ST

E
M

E
ndocrine system

 consists of endocrine glands of body.

T
ypes of glands : T

here are tw
o types of glands in body. T

hey are -

1) E
xocrine glands2) E

ndocrine glands

E
xocrine glands :  T

hey are glands of the body w
ith ducts.

ex: M
am

m
ary glands, sw

eat glands, lacrim
al glands, salivary glands.

E
ndocrine glands:  E

ndocrine glands are ductless glands w
hich pour their secretions

directly into blood circulation from
 w

here these secretions reach their site of

action. T
hese secretions are called horm

ones.

E
ndocrine glands in the hum

an body :

E
ndocrine glands of hum

an body are:

1) Pituitary gland (M
aster gland)

2) T
hyroid gland

3) Parathyroid gland.
4) A

drenal glands

5) Pancreas
6) Testes

7) O
varies

8) Placenta (during pregnancy)

T
hym

us and pineal body are glands w
ith probable endocrine function. Stom

ach,

sm
all intestine and kidneys also have endocrine activity.

H
ypothalam

us

H
ypothalam

us :  H
ypothalam

us is

a 
com

plex 
neurohorm

onal

regulatory part. D
iencephalon

contains 
thalam

us 
and

hypothalam
us.  H

ypothalam
us

form
s low

er part of  lateral ventricle.

It form
s anterior w

all of third

ventricle. It is situated at the

interpedencular space below

thalam
us. It form

s com
plex nuclei

and fibres..

                                 P
ituitary gland

It is called the m
aster gland of the body. It is substituted by the term

 hypophysis.

It is reddish gray coloured and sm
all oval shaped structure.  It is located at the

base of the brain in the sellaturica of sphenoid bone. A
 stalk attaches hypophysis

to the floor of third ventricle. A
verage w

eight is 0.5 to 0.6 g.  In fem
ales it w

eighs

from
 0.6-0.7 g.  Its dim

ensions are -

-
10 m

m
 (anterio posteriorly)

-
6 m

m
 (dorsoventrally)

-
13 m

m
 (laterally)

A
natom

ically, it has tw
o lobes -

1) A
nterior lobe of pituitary gland

2) Posterior lobe of pituitary gland

Its histology show
s 6 parts. T

hey are -

1) Pars distalis (pars anterior)
   2) Pars tuberalis

3) Pars interm
edia

4) Pars nervosa (pars posterior or processus infundibulis or lobus nervosus)

5) M
edian em

inence of tubercinerium
. 6) Infundibulum

 or pituitary stalk.

A
nterior lobe consists of pars distalis and pars tuberalis. Posterior lobe consists

of pars interm
edia and pars nervosa. A

denohypophysis consists of pars distalis,

pars tuberalis and pars interm
edia. N

eurohypophysis consists of pars nervosa

(lobus nervosus) and infundibulum
 (pituitary stalk or neural stalk).

Pars distalis contains acidophils, basophils and chrom
ophobes. Pars interm

edia

contains basophilic polygonal or prism
atic cells. Pars tuberalis contains m

ainly

cuboidal colum
nar cells.

B
lood Supply

B
lood supply of anterior lobe : A

nterior lobe of pituitary gland is supplied blood

by several hypophyseal arteries. T
hese originate from

 internal carotid artery and

circle of w
illis.

T
here are tw

o sets of blood vessels. O
ne set supplies the lobe directly. Second

H
ypothalam

us
Paraventricular

N
ucleusIII

ventricle
Supra-optic

nucleus

Supra-optic
artery

Supra-H
ypophyseal

artery

Portal
vessels

Anterior
Pituitary

Posterior pituitary

N
eurosecretory m

aterials

Pituitary stalk

M
edian Em

inence

M
am

m
illary body

Fig. 9.1 H
ypothalam

us

1
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set reaches capillary plexus of m
edian em

inence and infundibular stem
. C

apillary

plexus is drained by a long portal vein.

B
lood supply to neural lobe : N

eural lobe is supplied blood by inferior

hypophyseal arteries. V
essels form

 capillary netw
ork w

hile ending in pars nervosa.

N
erve supply :   Few

 fibres from
 hypothalam

ohypophyseal tract or carotid plexus

or from
 greater superficial petrosal nerves have control over this gland. Probably,

they m
ay be vasom

otor nerves.

T
hyroid

T
his gland is situated at the root of the throat. It has tw

o fairly lateral

lobes, w
hich are sym

m
etrical. E

ach m
easures 5 x 2 x 2 cm

3 approxim
ately.

T
hese lobes are present one on either side of trachea.  T

hey are connected by a

thin portion of thyroid tissue called as isthm
us. Pyram

idal lobe extends upw
ards

from
 isthm

us.

T
hyroid gland m

oves upw
ards during sw

allow
ing  W

eight in adults is

betw
een 20-25 g. It is highly vascular gland.

M
icroscopical exam

ination of thyroid show
s follicles or vesicles. T

hey are

lined by low
 cuboidal epithelium

. T
hyroid follicles are spherical or oval shaped

w
ith irregular size of 15-150 m

icrons  diam
eter. T

hey are lined by single layer of

granular cubical cells w
ith m

itochondria and clear golgi apparatus. B
ases of cells

are in contact w
ith fine basem

ent m
em

brane. Follicles are surrounded by highly

vascular strom
a. C

ytoplasm
ic vesicles are found w

ithin the cell. E
lectron

m
icroscopy reveals tw

o types of cells - Principal cells and para follicular cells.

Solid clum
ps cells, lym

phocytes and m
acrophages are seen betw

een vesicles.

B
lood supply :  Superior and inferior thyroid arteries supply thyroid gland. Internal

jugular vein and innom
inate vein drain the gland.

Lym
phatic drainage : L

ateral  lym
ph  nodes  of neck com

m
only drain lym

ph.

A
nterior m

ediastinal lym
ph nodes drain to som

e extent.

N
erve supply: Sym

pathetic fibres derive from
 superior, m

iddle and inferior cervical

ganglia. Parasym
pathetic fibres derive from

 superior and inferior recurrent laryngeal

branches of vagus.

P
arathyroid

It consists of four oval bodies em
bedded

in posterior surface of thyroid. E
ach body

m
easures 6 x 3 x 2 m

m
3 .  E

ach of the

tw
o pairs are present vertically behind

each of the tw
o lobes of thyroid. Total

w
eight is about 140 m

g. G
land is highly

vascular. Superior and inferior thyroid

arteries supply blood. N
erve supply is

sam
e as for thyroid. T

here are tw
o types

of cells in parathyroid.

1) C
hief cells or principal cells   2) O

xyphil cells or eosinophil cells.

A
drenal glands

A
drenal glands are tw

o in num
ber. T

hey are also called suprarenal glands

as each of the tw
o glands are located on upper pole of each kidney. R

ight

suprarenal gland is sm
aller of the tw

o. L
eft one is large of the tw

o. D
im

ensions of

each gland are 50 x 30-40 x 10 m
m

3 .  A
verage w

eight of each is 5-9 g. in

adults.

Fig. 9.2 Location and gross structure of thyroid gland
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Fig. 9.3 P
arathyroid glands

Fig. 9.4 Section of adrenal glands
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T
here are tw

o parts in adrenal gland.

1) A
drenal cortex - outer part consisting of

a) Z
ona glom

erulosa (outer)
b) Z

ona fasciculata (m
iddle)

c) Z
ona reticularis (inner)

2) A
drenal m

edulla - Inner part consisting of irregular m
asses of polyhedral

granular cells.

P
an

creas
H

um
an pancreas is large gland w

hich is both exocrine and endocrine in its

functions. It lies transversely across posterior abdom
inal w

all behind the stom
ach

at the level of 1st and 2nd lum
bar vertebrae. It contains both exocrine cells and

endocrine cells. E
ndocrine cells are distributed all over the gland. T

hey are called

as islets of L
angerhans. T

hese islets are not connected w
ith duct system

 of the

gland. E
ndocrine part constitutes about 1-2%

 of the gland.

T
here are m

ainly three distinct types of islet cells in hum
an pancreas. T

hey are-

1) α
 - cells of islets of L

angerhans.

2) β - cells of islets of L
angerhans.

3) δ - cells of islets of L
angerhans.

α
 - cells are also called A

2-cells and constitute 10-15%
, β - cells are also

called Β
-cells and constitute 30-40%

.  δ - cells are also called A
1 cells and

constitute 5%
. In higher vertebrates, ratio of α

 and  β-cells  of islets of L
angerhans

is 1:4. O
ther cell types are X

 or F cells, E
 cells and C

 cells etc.

T
estes

Testes are the m
ale reproductive organs concerned w

ith sperm
atogenesis.

For anatom
y refer to A

natom
y of R

eproductive system
.

O
varies

R
efer to A

natom
y of R

eproductive system
.

P
lacenta

R
efer to A

natom
y of R

eproductive system
.

T
hym

us

It is both endocrine and lym
phoid structure,

located in the anterior and superior m
ediastina of

thorax behind sternum
.  It extends from

 pericardium

upw
ards upto the low

er border of thyroid. T
here

are tw
o lobes in thym

us gland. T
hey are fused and

asym
m

etrical. R
ight lobe is bigger than left lobe.

E
ach lobe consists of num

erous lobules. Follicles

of lobules have diam
eter of 1 m

m
 each.

H
istology of T

hym
us show

s -

a) C
apsule - dense connective tissue, rich in m

acrophages, m
ast cells, granulocyte s

and fat cells etc.

b) C
ortex - w

hich is sim
ilar to lym

ph tissue of ordinary lym
ph nodes,but deficit

of prim
ary follicles.

c) M
edulla - broad, branched band of thym

ic tissue.

P
ineal body

Pineal body is also called epiphysis

cerebri. It is flat, cone shaped and grey

colored. It's length is about 5-8 m
m

 and

breadth is about 3-5 m
m

. Pineal body is

attached to the roof of third ventricle by

m
eans of a short hollow

 stalk.

Its histology show
s tw

o m
ajor types of

cells, w
hich are neutral in origin. T

hey are-

1) Parenchym
al or chief cells.

2) Interstitial or supportive cells.

Islets of
langerhans

G
landular acini

beta
cells

alpha
cells

{

Interthalam
ic adhesion

Pineal body

Fig. 9.5  T.S
. of P

ancreas

Thym
us

 in
N

ew
born

child

Fig. 9.6  T
hym

us gland

Fig. 9.7  P
ineal gland
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G
astro intestinal tract as endocrine

C
ertain localised area of G

IT
 acts as endocrine to secrete gastro intestinal

horm
ones. C

ells responsible for endocrine activity in G
IT

 are not know
n w

ith

certainity. G
astrin I and II are produced in m

odified epithelial cells of glandular

m
ucosa of pyloric part of stom

ach. M
ucosa of upper part of sm

all intestine

secretes cholecystokinin - pancreozym
in horm

one. D
uodenal m

uscosa produces

secretin. W
all of stom

ach and sm
all intestine produce gut glucagon horm

one.

H
um

an gastric m
uscosa contains gastrone. M

ucosa of upper sm
all intestine

produces villikinin. Intestinal lum
en secretes enterocrinin.

K
idneys as endocrine

Juxtaglom
erular cells produce renin. E

rythropoietin  is largely produced by

kidneys. Prostaglandins are also produced by kidneys.

Sum
m

ary

E
ndocrines system

 consists of endocrine glands of body. E
ndocrine glands

are ductless glands. E
ndocrine glands of hum

an body are pituitary, thyroid,

parathyroid, andrenals, pancreas, testes, ovaries and placenta (during pregnancy).

Pituitary has tw
o lobes - anterior and posterior lobes. It is located at the base of

brain in sella turica of sphenoid bone. T
hyroid is located at the root of the throat.

It has tw
o lobes. Parathyroid consists of four oval bodies. E

ach of the tw
o pairs

are present vertically behind each of the tw
o lobes of thyroid. A

drenal glands

are present on upper pole of each kidney. Pancreas lies transversely across

posterior abdom
inal w

all behind the stom
ach at the level of 1st and 2nd lum

bar

vertebrae.  Testes, ovaries and placenta have endocrine activity of producing

sex horm
ones.

T
hym

us is located in the anterior and posterior m
ediastina of thorax behind

sternum
. Pineal body is attached to the roof of third ventricle.

E
ssay Q

uestions

1) W
hat are different endocrine glands of body? W

rite the anatom
y of pituitary.

2) D
iscuss anatom

ies of thyroid and parathyroid.

3) D
escribe the anatom

ies of adrenals and pancreas.

4) W
rite the anatom

ical descriptions of thym
us and pineal body. W

rite about

G
IT

 as endocrine.

5) D
iscuss anatom

ies of testes and ovaries.

Short A
nsw

er Q
uestions

1)
D

efine
a) E

ndocrine glands

b) E
xocrine glands

2)
W

rite any four endocrine glands of body.

3)
G

ive the anatom
ical location of hypophysis.

4)
 W

hat are the lobes of pituitary?

5)
W

rite the parts show
n in histology of hypophysis.

6)
W

rite about blood supply to pituitary gland.

7)
W

hat are the parts of anterior and posterior lobes of pituitary?

8)
M

ention the parts of adenohypophysis and neurohypophysis.

9)
W

rite about nerve supply to pituitary.

10)
W

here is thyroid located? W
rite the dim

ensions.

11)
W

rite about nerve supply and blood supply to thyroid.

12)
W

rite the location and dim
ensions of parathyroid.

13)
W

hat are the types cells in parathyroid?

14)
M

ention the parts in adrenal gland.

15)
W

hat are different islet cells of pancreas?

16)
M

ention the endocrines secreting fem
ale sex horm

ones.

17)
W

here is thym
us situated?

18)
W

rite the histological parts of thym
us.

19)
W

hat are the other nam
es of a) Pituitary gland,  b) Pineal body.

20)
W

rite the m
ajor types of cells of pineal body.

21)
W

hat are the nerve tracts supplying pineal body?

1
0
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10.  SE
N

SE
 O

R
G

A
N

S
        Sense organs are the organs of senses of body. T

hey are- E
ye, ear, tongue,

nose and skin .O
f these five organs, first four are organs of special senses.

Skin is the organ of general sensations.

E
ye:E

ye is the organ of special sense of vision. It consists of eyeball accessory

structures. E
ye ball is alm

ost spherical in shape. It is situated in anterior part

of orbital canty. A
ccessory structures of eye are - eyebrow

s, eye lids,

eachrym
al opperatus and extrinsic m

uscles of eye.

         E
ye B

all:E
ye ball contains three coats and light transm

itting structures.

        L
ayers of eye ball : L

ayers of eye ball are-

1)O
uter fibrous coat- containing posterior opaque part called sclera and

anterior transparant part called cornea.

2)M
iddle vascular coat - containing choriod, ciliary body and iris.

3)Inner nervous coat - also called retina.

    -
Sclera form

s 5/6th of outer fibrous coat.

    -
C

ornea form
s 1/6th of outer fibrous coat.

    -
C

horoid is highly vascular.It form
s 5/6th of m

iddle coat.  It is dark.

    -
C

iliary body is in betw
een choroid and iris.

    -
Iris is anterior continuation of ciliary body and is a pigm

ented m
em

brane.

Its central opening is called pupil. Pupil is controlled by circular and radial

m
uscles. C

ircular m
uscles are pupillary constrictors and radial m

useles are

pupillary dilators.

     -R
etina is the innerm

ost nervous coat of eye ball. It contains special struc-

tures called ‘R
ods and C

ones’. T
hey are for reception of light. E

ach retina

contains 6 m
illion cones and 120 m

illion  rods. R
ods are for critical vision

and cones for dim
 vision.

     O
ptic disc: It is the point w

here optic nerve leaves eye ball. T
his point doesnot

contain retina and thus it is photo insensitive. It is also called blind spot.

     M
acula: It is a sm

all area of retina. It is also called yellow
 spot.situated oppo-

site to the centre of pupil lateral to the entrance of optic nervve. It is fo r

focussing near vision.

       C
onjuctiva: It is the thin stratified m

ucous m
em

brane covering the exposed

part of eye ball

       L
ight transm

itting structures of E
ye ball:T

hey are :

1. A
queous hum

our.

2. L
ens and.

3. V
itreous hum

our.

    -
A

queous hum
our is fluid present in anterior cham

ber of eye.

    -
L

ens is behind iris and pupil. It is trhe organ of refraction of light onto retina .

     -V
itreous hum

our is jelly like fluid in betw
een lens and retina. It is respon-

sible for m
aintenance of shape of eye.

       A
ccesory structures of eye: T

hey are eye brow
s, eyelids, lachrym

al appa-

ratus.

       E
yebrow

s: T
hey are arches of thick skin present over the eyes and contain-

ing thick hairs.

        E
yelids: T

hey are  m
usculocutaneous curtain like structures infront of eye.

U
pper eyelids are bigger than low

er eyelids. E
ye lashes are hairs projecting

from
 eyelids.

       L
achrym

al apparatus:It consists of:-

Fig. 10.1  E
ye
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1) L
achrym

al gland situated in the lateral end of upper eyelid.

2) L
achrym

al duct through w
hich tears com

e out.

3) L
achrym

al sac

4) N
aso lachrym

al duct through w
hich tears flow

 into nasal cavity.

E
xtrinsic m

uscles of eye: T
here are six m

uscles m
oving the eyeball.

  T
hey are:1) Superior rectus- upw

ard m
ovem

ent of eye.

2) Inferior rectus- dow
nw

ards m
ovem

ent of eye.

3) M
edial rectus- inw

ards m
ovem

ent of eye.

4) L
ateral rectus- outw

ards m
ovem

ent of eye.

T
hese four are straight m

uscles.

5) Inferier oblique- upw
ard and outw

ard m
ovem

ent of eye.

6) Superior oblique- D
ow

nw
ard and out w

ard m
ovem

ent of eye.

               T
hese  tw

o are   oblique m
uscles                                          .

E
ar:E

ar is the organ of special sense of hearing. It is also responsible for equilib-

rium
. It is divided into three parts.

Parts of ear are:

1) E
xternal ear : lying outside the skull

2) M
iddle ear : lying inside the skull

3) Internal ear.

E
xternal ear : It contains tw

o parts.

T
hey are:a) Pinna - Funnelshaped organ m

ade of fibroelastic cartilage. It is the

organ of collection of sound w
aves .

b) E
xternal auditory m

eatus - sm
all channel of about 3cm

 length.It is lined

w
ith skin and w

ax creating glands are contained in this part. H
air and w

ax

present in its outer part prevent dust particles.Its inner part is closed by a

thin m
em

brane called tym
panic m

em
brane or ear drum

.T
his canal is the

organ of conveyance of vibrations of sound to the tym
panic m

em
brane.

M
iddle ear : It is a sm

all cavity in the tem
poral bone,intrnal to eardrum

. i.e.tym
panc

m
em

brane form
s its outer w

all.It contains air.It contains -1. Fenestra ovali s

( oval w
indow

) and fenestrarotundum
 (round w

indow
).R

ound w
indow

 is

also called fenestra cochleae.

2. E
ustachian tube - w

hich com
m

unicates w
ith nasopharynx.It helps

       in equalisation of pressure on both sides of tym
panic m

em
brane.

3. A
uditus - C

hannel connecting m
iddle ear posteriorly w

ith m
astoid an-

trum
 of tem

poral bone.

4. A
uditory ossicles - M

alleus, incus and stapes arranged across m
iddl e

ear. T
hese are m

inute  bones of m
iddle ear and are bound by ligam

ents.T
hey

vibrate as a single unit w
hen sound w

aves im
pinge on tym

panic m
em

brane.

Internal ear: It contains-
1. B

ony labyrinth - present in petrous portion of

tem
poral bone.

2. M
em

branous labyrinth - lyeing w
ith the bony labyrinth.

Fluids of Internal ear : Perilym
ph is the fluid of bony labyrinth. E

ndolym
ph is th e

fluid of m
em

branous labyrinth.

Structures of bony labyrinth :B
ony labyrinth contains vestibule, cochlea and sem

i-

circular canals.C
ochlea is the organ of hearing and sem

icircular canals for

equilibrium
.

V
estibule: It is present betw

een vestibule and sem
icircular canals.V

estibule con-

tains utricle and sacule.  U
tricle and saccule are parts of m

em
branous laby-

rinth.

C
ochlea:It is a bony spiral canal.T

hese spirals w
ind rpund a central bony pillar

m
odiolus. B

asilar m
em

brane is m
em

branous septum
 dividing cochlea into

tw
o parts. O

rgan of corti is the neuroepithelium
 of cochlea.It is auditory

receptor resting on basilar m
em

brane. C
ochlear nerbefibres enter O

rgan of

corti.V
estibulocochlear nerve collects sensation of equilibrium

 from
 vesti-

bular division.It col-

         lects sensation of hearing from
 cochlear division.A

uditory nerve fibres reach

special nucleus on the back of thalam
us and then ce       -rebral cortex.

       Sem
icircular canals: E

ach ear contains three sem
ilarcular canals. T

hey are
11
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arranged at right angles to each other.T
hey are superior,posterior and lat-

eral canals. A
m

pulla is enlarged end of each canal.V
estibular nerve endings

are present in am
pullae.A

m
pullae help cerebellum

 in m
aintaining

equilibrium
.Sem

icircular canals are for inform
ing dynam

ic equilibrium
 and

otolith organ for static equilibrium
.

Tongue:Tongue is the organ containing taste buds.Taste buds are receptors of
special sensation of taste.E

pithelium
 of tongue is m

odified into papillae

and taste buds.Papillae are 1.Filiform
2.Fungiform

 and3.C
ircum

vallate.

Taste buds are located on the sides of papillae.Taste buds are oval clusters

of cells  w
ith a sm

all pore on the surface in the epithelial layer.T
hey m

easure 60-

80m
icrons in length and 40 m

icrons in diam
eter. Few

 taste buds are located on

soft palate,epiglottis and

pharynx.C
ells w

ithin taste buds are tw
o types. T

hey are1)Taste cells or

gustatorycells or hair cells2) Supporting cells. N
erve fibres arise from

 hair cells

and  form
 nerve plexus near basem

ent m
em

brane. T
hey finally join w

ith glos-

sopharyngeal or facial nerve.B
ranch of facial nerve innervates anterior 2/3rds of

tongue.G
lossopharyngeal nerve innervates posterior 1/3rd of tongue.V

agus nerve

receives im
pulses from

 pharynx and throat.Taste buds are surrounded by strati-

fied squam
ous epithelium

 of tongue.T
hese nerves are connected to taste centre

present in m
edulla.It is connected to thalam

us and  cerebral cortex.T
here are

four types of taste buds based on sensation of taste - bitter, sour, salt and sw
eet.

N
ose: olfactory receptors

O
lfactory  receptors are specialised bipolar nerve cells present in the

olfactory area of m
ucous m

em
brane of upper part of nasal cavity. T

hey are

about 10-20m
illions in m

an.T
hey receive sensation of sm

ell. Total surface are of

olfaction on each side in m
an is about 250 m

m
2.O

lfactory area in m
an is

com
parativly sm

all and m
an is called m

icrosm
atic anim

al.O
lfactory area in dog

being large,it is  m
acrosm

otic anim
al.E

nds of olfactory receptors join to form

olfactory nerve (1stcranial nerve). O
lfactory nerve passes through root of nos e

and ends in olfactory bulb. O
lfactory bulb is connected to olfactory centre in the

cerebrum
 through olfactory tract.Som

e fibres of trigem
inal nerve are also present

in olfactory m
ucous m

em
brane. T

hey respond to irritating substances like

am
m

onia. Surrounding the olfactory receptors in the olfactory area are supporting

cells called sustentacular cells.

skin:
Skin consists of tw

o layers. T
hey are -

1) E
piderm

is - outer layer2) D
erm

is - Inner layer

E
piderm

is is m
ade of stratified epithelium

. L
ayers of epiderm

is are

1) Stratum
 corneum

2) Stratum
 lucidum

3) Stratum
 granulosum

4) Stratum
 germ

inatum
.

IncusStapes
Sem

icircular canals

U
tricleC

ochlea

M
alleus

Pinna

External
auditory m

eatus

Tym
panic

m
em

brane
Eustachian tube

Stratified
squam

ous
epithelium

Lam
ina

propria

C
ilia

H
air (taste) cell.

Supporting C
ell

N
erve fibre

Basem
ent m

em
brane

Substentacular cell

C
itiated hair cell

Axons to brains

C
klia

Fig. 10.2  P
arts of ear

Fig. 10.3  S
em

i-circular canals

Fig. 10.4  Taste bud

Fig. 10.5  O
lfactory receptor
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- Stratum
 corneum

 contains scale like cells. T
hey have keratin protein and these

cells are constantly replaced.

- Stratum
  lucidum

 is a glistening layer.

- Stratum
 granulosum

 is m
ade of spindle shaped cells. T

hey have granules in

their cytoplasm
.

- Stratum
 germ

inatum
 is m

ade of cuboidal cells. M
ultiplication of skin cells takes

place in this layer.

D
erm

is: D
erm

is is inner layer ofskin. Itcontains-

- M
elanophorecells containing m

elanin pigm
ent.

- A
rterial and venous capillaries.

- Sensory nerve endings.

- Sw
eat glands and sebaceous glands.

- R
oots of hairs.

- E
rector pili m

uscles (H
air straightening m

uscles)

   V
arious sensory nerve endings of skin are encapsulated in connective tissue

and are responsible for receiving various sensations. T
hey are as follow

s.

N
o

Corpuscles/fibres
    N

am
e of receptor

Sensation

1.
M

eissner’s corpuscles
     M

echanoceptors
Touch or light pressure

2.
Pacinian Corpuscles

     M
echanoceptors

D
eep pressure

3.
K

rause’s end bulbs
     Therm

oceptors
Tem

parature

4.
Som

e naked nerve fibres    N
ociceptors                  Pain, excess pressure  etc

                                                or algesiceptors

5
Som

e naked nerve endings  ------                      Itch sensation

Sum
m

ary
E

ye,ear,tongue and nose are special sense organs. Skin is organ of

general sensations. E
ye consists of E

ye ball and accessory structures. L
ayers of

E
yeball are outer fibrus coat, m

iddle vascular coat and inner nervous coat. L
ight

transm
itting structures of eyeball are aqueous hum

our, lens and vitreous hum
our.

A
ccessory structures of eye are eyebrow

s, eyelids,lachrym
al apparatus and ex-

trinsic m
uscles.E

ar consists of external ear,m
iddle ear and internal ear.E

xternal

ear contains pinna and external auditory m
eatus. M

iddle ear contains  fenestra

ovalis and fenstra rotundrum
.,eustachian tube, auditus and auditory ossicles. In-

ternal ear contains bony labyrinth and m
em

branous labyrinth.Tongue consists of

taste buds surrounded by stratified squam
ous epithelium

.Taste centre is present

in m
edulla.It is connected to thalam

us.O
lfactory receptors of nose are present in

the m
ucous m

em
brane of upper part of nasal cavity .Total area of olfaction on

each side is about 250 m
m

2 in m
an.Skin consists of epiderm

is and derm
is. E

pi-

derm
is contains stratum

 corneum
,stratum

 lucidum
,stratum

 granulosum
 and stra-

tum
 germ

inatum
. Several receptors of skin are m

echanoceptors, therm
oceptors,

nosiceptors or algesiceptors, naked nerve endings etc.

E
ssay questions

1.
w

rite the structure of E
ye, draw

 the diagram
 and label.

2.
D

iscuss the A
natom

y of ear w
ith diagram

.

3.
W

rite the A
natom

y of Tongue as sense organ.

4.
D

ascribe the structure of skin. D
raw

 diagram
.

Short answ
er questions

1.
M

ention organs of special senses ?

2.
W

hat are the layers of E
yeball ?

Fig. 10.6  S
uperficial receptors of skin

M
eissner’s Pani R

eceptors
Corpuscle

M
erkels

D
iscs

D
erm

al papilla

Epiderm
is

Papillary region

R
eiticular region

Derm
is

Roothad
Plexus
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3.
L

ist the accossory structures of E
ye ?

4.
E

xplain  (a) Sclera, (b) C
ornea.

5.
W

rite the extrim
sic m

uscles of eye ?

6.
D

escribe choroid, ciliary body and airis ?

7.
E

xplain (a) B
lindspot (b) M

acula

8.
W

hat are the light transm
itting structures of eyeball ?

9.
N

am
e the parts of lachrym

al apparatus.

10.
M

ention the three m
ain parts of ear.

11.
W

hat are the parts of external ear ?

12.
M

ention parts of m
iddle ear.

13.
N

am
e the m

ain parts of internal ear.

14.
W

hat are the flaids of internal ear ?

15.
W

rite the auditory ossieles (bones of m
iddle ear ).

16.
M

ention types of taste buds.

17.
D

efine  (a) Taste buds (b) O
lfactory receptors

18.  W
rite the shapes of cells of (a) Stratum

 granulosum
 (b) Stratum

 germ
inatum

.

19.
W

hat are layers of epiderm
is ?

20.
W

rite about derm
is ?

21.
N

am
e different senssory eptors of skin ?
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11. E
X

C
R

E
T

O
R

Y
 SY

ST
E

M
E

xcretory system
 consists of organs  concerned w

ith excretion of w
aste

products form
ed in the cellular m

etabolism
 of body.Such channels concerned

w
ith excretion are called as channels of excretion.T

hey are-

K
ID

N
E

Y
S-2

S
K

IN

L
IV

E
R

L
U

N
G

S-2

D
IG

E
ST

IV
E

 T
R

A
C

T

SA
L

IV
A

R
Y

 G
L

A
N

D
S

U
rinary system

:U
rinary system

 consists of -

K
ID

N
E

Y
S-2

U
R

E
T

E
R

S -2

U
R

IN
A

R
Y

 B
L

A
D

D
E

R

U
R

IN
O

G
E

N
ITA

L T
R

A
C

T
/U

R
E

T
H

R
A

K
idneys: K

idneys are the m
ain organs of urinary system

.T
hey are 2 bean shaped

organs lying on the posterior w
all of upper abdom

en, one on each side of vertebral

colum
n.T

hey lie at the level of tw
elfth thoracic to third lum

bar vertebrae.R
ight

kidney is located slightly low
er than left kidney.D

im
ensions of each kidney are

11 x 5 x 3 cm
3. E

ach kidney w
eighs 150g. approxim

ately.O
n each kidney, an

adrenal gland is present.

E
ach kidney is em

bedded by fat called perirenal fat.R
ight kidney bears the

im
pression of part of duodenum

 on its front.Pancreas crosses the left kidney

transversely in its front. E
ach kidney is convex on its outer border and concave

in the centre of its inner border.A
t this point,blood vessels,nerves and ureter

enter and leave kidney.T
his point of kidney is called H

ilus.

U
reters transport urine form

ed in kidneys to urinary bladder.From
 urinary

bladder,urine is passed to the exterior through urethra.U
rethra in m

ales is also

passage for sem
en.H

ence it is also called urinogenital tract in m
ales. In fem

ales,

it is independent.

Structure of K
idney :

L
ongitudinal section of K

idney : K
idney

is surrounded by a fibrous capsule. It can

be stripped off easily. Portion inside this

fibrous capsule can be divided into -

1) C
ortex   2) M

edulla

C
ortex is the outer reddish brow

n

coloured portion. M
edulla is the inner

lighter area.

M
edulla is subdivided into 10 to 15 conical areas called renal pyram

ids. Pyram
ids

have their broad base tow
ards cortex and apex projecting into lum

en of m
inor

calyx. C
olum

ns of B
ertin are the projections of cortex. T

hey form
 the boundaries

of the pyram
ids.

M
icroscopic structure of kidney :

K
idneys consist of num

ber of m
inute units called nephrons. T

hey are basic structural

and functional units of kidney. T
hey are about one m

illion nephrons in each kidney.

N
ephrons drain into pelvis of ureter and then into urinary bladder.

N
ephrons : U

riniferous tubules consist of tw
o portions 1) N

ephron 2) C
ollecting

tubule. N
ephron is the secretory portion of uriniferous tubule.A

bout 85%
 of

total num
ber of nephrons lie in outer tw

o third portion of cortex. T
hey are called

superficial nephrons. A
bout 15%

 of total num
ber of nephrons occupy inner one-

third of cortex and they are called Juxtam
edullary nephrons. Superficial nephrons

are sm
aller than Juxtam

edullary nephrons.Superficial nephrons are functional in

norm
al conditions w

here as Juxtam
edullary nephrons are functional in conditions

of stress.

Parts of N
ephron :   N

ephron consists of the follow
ing parts in succession.

1) M
alphigian body

a) G
lom

erulus

Kidneys
R

ight
Left

Pelvis
of

U
reters

U
reters

U
rinary

Bladder

D
etrussor

Trigone

U
rethra

C
ortical

substance

P
yram

id

M
edullary

substance

Sm
all

C
alyces

P
elvis

U
reters

Large C
alyces

Fig.11.1  U
rinary S

ystem

Fig.11.2  L.S
. of K

idney

11
9

11
8



b) B
ow

m
an’s capsule

2) R
enal tubule :

a) Proxim
al convoluted tubule

b) L
oop of H

enle

c) D
istal convoluted tubule

Proxim
al and distal parts of the convoluted tubule lie in cortex w

here as loop of

H
enle extends from

 cortex to m
edulla.

M
alphigian body : It is also called as renal capsule. It lies in cortex of kidney.

M
alphigian capsule consists of tw

o parts a) G
lom

erulus and b) B
ow

m
an’s C

apsule

G
lom

erulus is tuft of about 6-8 renal capillaries invaginating into the end of tubule.

G
lom

erulus has tw
o poles 1) V

ascular pole - w
here bloods vessels are attached

2) T
ubular pole - W

here renal tubule begins. A
fferent arteriole brings blood to

glom
erular tuft. It is short and w

ide. T
his capillary tuft reunites and form

s efferent

arteriole. It is long and narrow
. T

his arrangem
ent builds up a pressure gradient of

70 m
m

H
g. and facilitates filtration.B

ow
m

an’s capsule is the dilated end of

nephron. It is invaginated by glom
erular tuft. It is m

ade of tw
o layers called

parietal and visceral layers. It gradually continues w
ith tubule.

R
enal tubule :  R

enal tubule begins at the tubular pole of glom
erulus. R

enal

tubule is about 3 cm
. long and 20-60 m

icrons w
ide. Short constricted part of

tubule just below
 the glom

erulus is - neck.

Parts of the renal tubule after neck are

Proxim
al convoluted tubule,

L
oop of H

enle and

D
istal convoluted tubule

P
roxim

al convoluted tubule : It is also called as pars convoluta. L
ength is

about 14 m
m

. O
uter diam

eter is 60 m
icrons and inner diam

eter is 15-25 m
icrons.

It is lined by cubical cells arranged in single layers. Free borders of the cells are

brush bordered. T
his portion of nephron lies in cortex of kidney.

L
oop of H

enle : It is also called as pars recta.  Parts recta is U
-shaped loop.

Pars recta is anatom
ically divided into-

1) D
escending lim

b of loop of H
enle.

2) T
hin w

alled ascending lim
b of loop of H

enle

3) T
hick w

alled ascending lim
b of loop of H

enle.

V
ariable length of loop of H

enle lies in m
edulla. It is m

ade of epithelial cells w
it h

variable shape in different portions of loop.

D
istal convoluted tubule : A

verage length is about 4.9 m
m

. D
iam

eter is 20 to

50 m
icrons. It is lined by cubical  epithelium

.

C
ollecting tubule : It is non-secretory portion of uriniferous tubule. It is collecting

system
. It is about 20m

m
 long. It is lined by pale cuboidal cells. Several collecting

tubules from
 nephrons join to form

 duct of B
ellini. It opens at apex of renal

pyram
id.N

ephrons ultim
ately drain into pelvis of ureter. From

 here urine collects

into urinary bladder. U
rine is passed out into exterior through urethra.

R
enal C

irculation : T
here are tw

o circulations in kidney.

1) G
reater circulation   2) L

esser circulation

G
reater circulation carries 85%

 of blood and lesser circulation carries 15%
 of

blood. R
enal arteries enter into kidneys through respective hilus. O

n or  before

entering the hilus, renal artery on each side divides into  anterior and posterior

divisions. Prim
ary branches of divisions are called sigm

ental arteries. Segm
ental

arteries divide into lobar branches one for each pyram
id. B

ranches passing

G
lom

erulus
P

e
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b
u

la
r

C
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Fig.11.3  P
arts of nephron
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