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The lymphatic system is associated with the blood and
the cardiovascular system. Both systems transport vital
fluids throughout the body and both have a system of
vessels that transport these fluids.

The lymphatic system transports a fluid called lymph
through special vessels called lymphatic capillaries and
lymphatic trunks. This lymph eventually gets returned to
the blood circulation.

In addition to fluid control, our lymphatic system is
essential to helping us to destroy a large number of
microorganisms that can invade our bodies and cause
disease and even death.




The lymphatic system consists of
Lymph,

Lymphatic vessels,

Lymph nodes,

& lymphatic organs.

The lymphatic organs are the bone marrow, tonsils, the
spleen, the thymus gland, and Peyer’s patches.




Lymph

Lymph is usually clear, transparent and milky fluid flowing through
lymphatic vessels. It appears milky due to presence of absorbed
fats. Lymph differs from blood because lymph does not contain red
blood corpuscles and the protein content is lower.

Composition of Lymph

1. Water

Z.The plasma proteins: serum albumin, serum globulin, and
serum fibrinogen,

3. Mineral salts: Na*, K*, Ca*2, HCO,, SO,

4. . Organic substances: urea, creatinine, neutral fats and glucose

5. WBCs: Lymphocytes




Functions of lymphatic system

* Tissue drainage: Everyday about 21 litres of plasma move
from the blood capillaries into interstitial space in
between tissue cells to form interstitial fluid. Most of
interstitial fluid gets reabsorbed into capillaries but 3to 4
litres of fluid are drained into lymphatic capillaries. Now
this fluid is referred as lymph.

* Transporting dietary fats and vitamins: Fats and lipid
soluble vitamins absorbed by lacteals and villi of
gastrointestinal tract and transported to the liver and
adipose tissues.




Returns plasma protein molecules to blood: ~25-50%
of plasma proteins leak out of capillaries each day they
cannot get back into blood capillaries instead lymphatic
capillaries pick them up and return them to the blood.

Immunity: the lymphatic organs carry out production
and maturation of lymphocytes, the white blood cells
that are primarily responsible for immunity and defence
mechanism.

Haematopoiesis: some WBC's (lymphocytes,
monocytes) are made in lymphatic tissues (not bone
marrow).




Formation and flow of lymph




day about 21 litres of plasma move from the blood capillaries into interstitial
ace in between tissue cells to form interstitial fluid. Most of interstitial fluid gets

{reabsorbed into capillaries but 3 to 4 litres of fluid are drained into lymphatic capillaries.

\ this fluid is referred as lymph.

’ Ultimately, lymph drains into venous blood through the right and left

lymphatic duct al the junction of the internal jugular vein and subclavian veins.

 Thus the sequence of fluid flow is as follows:
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* The flow of lymph from interstitial tissue spaces to the
lymphatic capillaries, lymphatic ducts and finally to the
subclavian veins is maintained primarily by the skeletal muscle
contractions.

Contractions of skeletal muscles compress lymphatic vessels
and force lymph toward the right and left subclavian veins. The
respiratory pump alternately expands and compresses the
lymph vessels in the chest cavity and keeps the lymph moving.
One-way valves within the lymphatic vessels prevent backflow
of lymph.
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- Lymph trunks and ducts

* Lymph passes from lymphatic capillaries into lymphatic vessels
and through Iymﬁh nodes. Lymphatic vessel exiting lymph
nodes pass lymph into another node. The exiting lymphatic
vessel united to form lymph trunks. The principal trunks are
the lumbar, intestinal, bronchomediastinal, subclavian and
jugular trunks. The principle trunks eventuaﬁy pass their lymph
into venous blood through two main channels, the thoracic
duct and the right lymphatic duct.

Left lymphatic duct (thoracic duct)

* The left lymphatic duct is about 45 cm in length and begins as a
cisterna chyli in front of second lumbar vertebra. The thoracic .
duct is the main collecting duct of lymphatic system. It receives

lymph from the left side of the head, neck and chest, the upper ‘
left extremity and the entire body below the ribs. Left i

lymphatic duct (thoracic duct) drains the lymph into left
subclavian vein.



- Right lymphatic duct

- * The right lymphatic duct is about 1.25 cm long and drains
lymph from the upper right side of the body. The right
lymphatic duct collects lymph from right upper
extremity; right side of the thorax, right lung, right side of
the heart, and liver. Right lymphatic duct opens into right
subclavian vein.




Lymph nodes

Lymph nodes are oval to bean-shaped organs of
lymphatic system distributed throughout the body
including the gastrointestinal tract, armpits, and neck.
They are also known as lymph glands.

They range in size from 1 to 25 mm in length, looking like
small seeds or almonds. Each lymph node is covered by a
capsule of fibrous connective tissue.

The capsular extensions are called as trabeculae that
contain lymphatic sinuses, reticular fibers and lymphatic
tissue. The lymph node is divided into two specialized
regions: the cortex and medulla.




Alterent lymph




* The outer cortex contains densely packed lymphocytes
arranged in masses called follicles. The outer rim of each
follicle contains T-lymphocytes, B-lymphocytes,
macrophages and follicular dendritic cells.

* The inner medulla consists of medullary cords
containing macrophages, plasma cells and lymphocytes.

* Lymphatic vessels that enter the lymph node are called
afferent lymphatic vessels. Lymph flows through the
sinuses in the cortex and then into medulla and exits the

lymph node via efferent lymphatic vessels.




Functions of lymph node

* The lymph node filters foreign substances and cancer
cells from lymph as it passes back towards the
cardiovascular system. These substances trapped by the
reticular fibers within the lymph node.

* The microphages destroy these foreign substances by
phagocytosis and lymphocytes promote destruction of
others by immune responses.

; ! * The proliferation of plasma cells, B- lymphocytes and T-
‘ lymphocytes take place within the lymph node.




SPLEEN

The spleen is oval in shape and is the single largest organ of
lymphatic system in the body. It measures about 22 cm in
length. It is found in the left upper corner of the abdominal
cavity in between stomach and diaphragm. The spleen consists
of two different kinds of tissue called white pulp and red pulp.

The white pulp is made up of lymphatic tissue mostly
lymphocytes.

The red pulp consists of venous sinuses and splenic cords.
Splenic cords consist of red blood cells, macrophages, B- and
T-lymphocytes, plasma cells and granulocytes.

Blood supply: splenic artery
Venous drainage: splenic vein







Functions of spleen

Storage of blood: The spleen contains about 350 ml of blood
and functions as a blood reservoir. During haemorrhage, the
spleen will release blood into the blood circulation.

Immune response: Spleen contains plasma cells; B- and T-
lymphocytes which are get activated to produce antibodies
against foreign antigens.

Phagocytosis: Spleen contains fixed macrophages that
phagocytize pathogens or other foreign material in the blood.

Haemolysis: The macrophages of the spleen also phagocytize
old red blood cells and form bilirubin. By way of portal
circulation, the bilirubin is sent to the liver for excretion in bile.

Erythropoiesis: the spleen and liver are important sites of blood
cell production in fetal development.




Glossary

Interstitial space - is a space between two cells

Extracellular Fluid - usually denotes all body fluid outside the cells
e.q. plasma, lymph, cerebrospinal fluid,

Intracellular fluid - (within the cell) the fluid inside the cell e.g.
Cytoplasm

Reservoir - storage space for fluids.

Macrophage — are a type of WBC that engulfs and digests cellular
debris, foreign substances, microbes, cancer cells, and anything else.




THANK YOU

BN



Cell Junctions

B TYPES

DEFINITION AND CLASSIFICATI
OCCLUDING JUNCTIONS
B TIGHT JUNCTION
®m APPLIED PHYSIOLOGY
B COMMUNICATING JUNCTIONS
m GAP JUNCTION
m CHEMICAL SYNAPSE
m  APPLIED PHYSIOLOGY
B ANCHORING JUNCTIONS
ADHERENS JUNCTION
FOCAL ADHESION
DESMOSOME
HEMIDESMOSOME
m APPLIED PHYSIOLOGY
B CELL ADHESION MOLECULES

oN |

® DEFINITION AND CLASSIFICATION

Cell junction is the connection between the neighboring
cells or the contact between the cell and extracellular
matrix. It is also called membrane junction.
Cell junctions are classified into three types:
1. Occluding junctions
2. Communicating junctions
3. Anchoring junctions.

B OCCLUDING JUNCTIONS

Cell junctions which prevent intercellular exchange of
substances are called occluding junctions, i.e. these
junctions prevent the movement of ions and molecules
from one cell to another cell. Tight junctions belong to
this category

® TIGHT JUNCTION

Tight junction is the intercellular occluding junction
that prevents the passage of large molecules. It is also

called zonula occludens. It is the region where the cell
membranes of the adjacent cells fuse together firmly.
This type of junction is present in the apical margins of
epithelial and endothelial cells in intestinal mucosa, wall
of renal tubule, capiliary wall and choroid plexus.

Structure of Tight Junction

Tight junction is made up of a ridge which has two halves.
One half of the ridge is from one cell and another half
is from the other cell. Both halves of the ridge fuse with
each other very tightly and occupy the space between
the two cells (Fig. 2.1). Each half of the ridge consists of
tight junction strands.

Proteins of tight junction

Proteins involved in the formation of tight junctions are
classified into two types:
1. Tight junction membrane proteins or integral mem-
brane proteins, such as occludin, claudin and junc-
tional adhesion molecules (JAMs)



Scaffold (framework or platform) proteins or peri-
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Blood-brain barrier: Tight junction in the brain capill-
aries forms the blood-brain barrier, which prevents
the entrance of many substances from capillary blood
into brain tissues. Only lipid-soluble substances like
drugs and steroid hormones can pass through the
blood-brain barrier,
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B APPLIED PHYSIOLOGY ‘

Diseases caused by mutation of genes encoding
proteins of tight junction

Chapter 2 # Cell Junctions 23 \

. Hereditary deafness \
. lehthyosis (scaly skin)
Sclerosing cholangitis (Inflammation of bile duct
causing obstruction)
. Hereditary hypomagnesemia {low level of magn&-
sium in the blood)

5. Synovial sarcoma (soft tissue cancer)

Functions of tight junction are affected by some
bacteria and viruses also.
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Bl COMMUNICATING JUNCTIONS

Cell junctions which permit the Intercellular exchange
of substances are called communicating junctions,
l.e. these Junctions permit the movement of lons and
molecules from one cell to another cell. Gap junction and
chemical synapse are the communicating junctions.

B GAP JUNCTION

Gap junction is the intercellular junction that allows
passage of ions and smaller molecules between the
cells. It is also called nexus. It is present in heart, basal
part of epithelial cells of intestinal mucosa, etc.

Structure of Gap Junction

Membranes of the two adjacent cells lie very close to
each-other and the interteilllarn space |s reduced from
the usual size of 2.5 to 3 nm. Cytoplasm of the two cells
is connected by the channels formed by the membranes
of both cells, So, the molecules move from one cell to
another cell directly through these channels. without
having contact with extracellular fluid (ECF).
Each channel consists of two halves. Each half
belongs to one of the two adjacent cells. Each half of the

Cell 1 Cell 2

{ % Tight junction %
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FIGURE 2.1: Tight junction
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Section 1 ¢ General Physiology

Cell 1

Cell 2
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Gap junction

FIGURE 2.2: Gap junction

annel i1s surrounded by & subunits of proteins which
Are called connexins or connexons (Fig. 2.2).

™

f Gap Junction

1. Diameter of the channel in the gap junction is about
1.5 to 3 nm. So, the channel permits the passage of
glucose, amino acids, ions and other substances,
which have a molecular weight less than 1,000.

in the exchange of chemical messengers

between the cells

It helps in rapid propagation of action potential from

one cell to another cell

f the Diameter of

n Gap Junction

in the gap junctions, the diameter of each channel is
regulated by the intracellular calcium ions. When the
~oncentration of intracellular calcium ion increases, the
protein subunits of connexin surrounding the channel
~ome close to each other by sliding. Thus, the diameter
of the channel decreases. The diameter of the channel
also regulated by pH, electrical potential, hormones

jrotransmitter.

s
= CHEMICAL SYNAPSE

synapse is the junction between a nerve fiber
muscle fiber or between two nerve fibers, through
the signals are transmitted by the release of
iransmitter (Refer Chapter 140).

® APPLIED PHYSIOLOGY

Mutation in the genes enceding the connexins causes
diseases such as

1. Deafness

Keratoderma (thickening of skin on

soles)

Cataract (opacity of lens in eye)

Peripheral neuropathy (damage to the n

peripheral nervous system)

_ Charcot-Marie-Tooth disease (a form of neuro-
pathy)

. Heterotaxia (abnorma
parts of the body in rel

palms and

erves of

| arrangement of organs or
ation to left-right symmetry).

W ANCHORING JUNCTIONS
arethejunctions.which provide stren-
like mechanical attachments,
i.e. these junctions provide firm structural attachment
between two cells or between a cell and the extracellular
matrix (Fig. 2.3). Anchoring junctions are responsible for
the structural integrity of the tissues and are present
in the tissues like heart muscle and epidermis of skin,
which are subjected to severe mechanical stress.
The firm attachment between two cells or between
a cell and the extracellular matrix is provided by either
actin filaments or the intermediate filaments. Depending
upon this, anchoring junctions are classified into four
types:
1. Actin filament attachment
i. Adherens junction (cell to cell)
ii. Focal adhesion (cell to matrix)
2. Intermediate filament attachment
i. Desmosame (cell to cell)
ii. Hemidesmosome (cell to matrix)

Anchoringjunctions
gth to the cells by acting

Cell 1 Cell 2

Actin fitaments Adherens junction

Intermediate Desmosome
filaments

Focal adhesion

Basal lamina

FIGURE 2.3: Anchoring junctions




connects the actin filaments of
another cell. In some places like
junction formsaoonﬂnuouq.anﬁ_m io
Just below the tight junctions. In
membranes of the adjacent cells

Adherens junction pre
attachments of the adjacent cells.
present in the intercalated disks
of cardiac muscles (Chapter 89).
and relaxation of heart, the ¢ _
held together tightly by means |
adherens junction present in epidermis helps
withstand the mechanical stress.

B FOCAL ADHESION

Focal adhesion is the cell to matr

which connects the actin filaments of

extracellular matrix. In epithelia of various orga
junction connects the cells with their basal lami
transmembrane proteins, which hold the cell membral

and the matrix are called integrins.

B DESMOSOME
Desmosome is a cell to cell

junction, where the inter-
WO adj '

Junf;ﬁnh.type Proteins invoived

| Tight junction
|_

Gap junction
Adherens junction




1o basal lamina (o basal membrane). CAMS
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responsible for structural organization of trssues.
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10.1 INTRODUCTION:

3 The leucocytes develép from the multipotent hematopoietic stem cell which then
gives rise to a stem cell coinmitted to formation of leucocytes. Both these cells
cannot be identified morphologically by routine methods. The various types of
leucocytes are granul cytes (neutrophiis, eosinophils and basophils), monocytes
and lymphocytes. The three cell types develop separately and accordingly these

processes will be disi'cussed separately.

Ly gy

¢ After reading this lesson, you will be able to:
* explain the various stages in the development of leucocytes.
® describe the different types of leucocytes seen normally in PBE.

i
10.2 :MYELOPOIESIS

% This is the process of formation of myeloid cells. It is restricted to the bone

= e B e

e

" i marrow after birth. The committed ‘progenitor cell for granulocytes and

N monocytes is the GM-CFU which prcliferates and differe

'
a st

© # ‘myeloblast and monoblast,

ntiates to - form

|
The myelohlast is tHe earliest morphologically identifiable cell, 1t is 10-18um

~ insize. The cytoplasm is scant and basophilic, vsually agranular and may contain
a few azurophilic cytoplasmic granules in the blast transiting to the next stage
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g Hemuolgo, ™~
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nucleus. Two-five nueleoli can be identified in the nucleus, : , ' &
I ! , " 3 Q‘;\. &
The next stage of maturation js the Promyelocyte. Itis larger than a myeloblast, | »
12-20 pm with moie abundant ¢ytoplasm which has abundant primary azurophilic
arantles . The nucleus is round to oval, has slightly more condensed chromatin 3
and nucleoli are ‘omi ' i :
H are not prominent. i 4 Notes
The next stage is the Myelocyte which is identified as being smaller than a “ X
promyelocyte, 12-18 pm. The cytoplasm is eosinophilic and an eccentric round
to oval nucleus with coarse chromatin and no visible nucleoli can be seen.
Specific granules appear in the cytoplasm at this stage a"ind therefore, a %
myelocyte can be identified as a neutrophilic, eosinophilic or basophilic ’A i
myelocyte based on the staining properties of the secondary ‘granules. These 4 v
= e h i |
cranules are smaller than the azurophilic granules. : oo
. 5 "
| /i '!
'
1. Types of leucocytes are ........... RS & s i i
2. Types of granulocytes are ... i SRR AN B s pesssnennes ' 1
3. Process of formation of myeloid cells are ..o ! 3 .
. . . ¥ o . | i} I
4. Earliest imorphologically identiried cell i8 .cocooueeen. !

Metamyelocyte is easily identified by its smaller size. dense and clumped
chromatin and an indented, horse shoe shaped nucleus with no nucleoli. The % o
cytoplasm is filled with primary, secondary and tertiary grlauulcs but the ’, :
secondary granules predominate. The presence of granules and their staining
properties determine whether it is. neutrophilic, eosinophilic or basophilic
metamyelocyte. i i

Neutrophilic metamyelocytes give rise to band form in whiFh the nucleus % o
becomes sausage shaped with further condensation of the chromatin. '

R

Finally the- polymorphonuclear veutrophil is formed which has coarsely
.clumped nuclear chromatin and 3-5 lobes in the nucleus. The lobes are col .nected
by filamentous strands of caromatin. (

kel

Cell division is limited to myeloblast, promyelocyte and myelocyte. With the
later stages undergoing differentiation but no further ccll division. Hence
myeloblasts, promyclocytes and myelocyles comprise the provferative or
mifotic compartment. whereas cells from metamylocyte stage onwards comprise
the maturation storage compartinent of the bone marrow.
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Hematolp " :
atolopy ami Blood ] b iz ot
otk Technigue The hall iife of nentrophils in circulation is 6-8 hrs. On completion of the fife

span, cells mz y : ;
Czunér"el:" Il"dy undergo apoptosis or phagocytosis by macrophages, of undergo
; eath through mechanisms dependent on reactive oz%ygen metabolite.

g -Eosmt)p_hils and basophils follow tlie same pattern of proliferation, diff erentiation,
2 mafurauon and storage in the bonc marrow. The cosinophils arc recognized by
d their coarse, bright orange reddish granules and a bi or trilobed nucleus. The half
; life of ~osinophils is approx 18 his.

se, purplish
les contain

Basophils are similal_r in size to a lymphocyte, have abundant coar
black granules overlying and obscuring the nucleus. The granu

* histamine, heparin, proteases.

Rl -5 PRAK:
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oblast. promyelocyte, myelacyie.
op row depicts development of
busophils

Fig. 10.1: centre row From Jert to aght:myel
te. Land form «nd mature neutrophil. The t

metamyelocy
) easinophils and the botom row development of
I

Formation of monocyles A
The committed progenitor cell GM-CFU also differentiates to form monoblast

under the influence bf GM-CSF and M-CSF. Monoblast is morphologically

similar to mycloblést. Monoblast gives rise to promonocyte which has
basophilic cytoplasm, an :ndented nucleus, fine chromatin, and may contain a
nucleolus. They matuire into Monocytes which are 15- 18 pm in size with a large
centrally placed oval or indented nucleus, delicate chromatin and no nucleoli.

The cytoplasm is abundant, pale blue in color and has a ground glass appearance
ytes have a short half life in blood

TR

B oy S L T

gl A

¥
*1

due to numerous clear or lilac vacuoles. Monoc
o ot . ... ¢ of4.51t010hrs only ‘and migrate from the blood to reside in various tissues as
gty © ¢ e Botissue macrophages.
; _ h
3 Formation of viaphocytes 1. ymphopoicsis
* i . : - '
erogenous population of cells that differ from

The mature Iymphocﬂgtcs are a het
referred sites of location within the

S " each other in terms of origin, lifespan and p . ‘
R i Lt E lymphoid organ. The earliest identifiable precursor is a Lymplwhlasl'. It is
. ’I £ 14-18umin size, with scant basophilic cytoplasm and high nuclear; cytoplasimuc
m_ : . ' HEAMATOLOGY AND BLOOD BANK TECHNIQUE
" . 0 , z i ‘ I .
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S |

(¥ Scanned with OKEN Scanner



l T

|

: .;m R e . ) '@\0
ok i .1:1...:"-I T w3 :
R {77 MODULE
) _ | .- @
. s ed chromali - : _ s
nucleoli. The 1 e p ymatin with -2 prominent Hewstulogy and Blood
10-12 pm in g{:;‘lhhr}bllasts matare to prolymphocyies which are smzlier cells ll. Fochniug )
A size with scant cytoplasm, more cendensed chr ] S, . !
nucleoli. The mature 1 hoe d chromatin and 0-1 - ]
ymphocyte can be a smell lymphocy(e gpproximately 8- i Ty

» . . .‘
zi{:sil; Cl{l sm? ~:v1fh deep purplish bllue round or slightly indented nucleus and %

se chromatin. Nucleoli are not present. There is a very small rim of basophilic 7
cytoglasn:t. In the large granular lymphoeyte the cytoplasm is more abufidam J’:
and contains several reddish granules. Both forms are seen in ﬂen'pheral blood. f

Notes'
P‘Ll‘D\!l.ld 60 - 30% of lymphocytes in the peripheral blcod are T cells while B cells 2 !
constitute about 10-15% of peripheral blood lymphocyte population. 4

l i

For lormation of B cells, the lymphoid progenitor gives rise to a Precursor B -
coll which forms the immature B cell and finally the mature It cell. B -
?ymphocytes are not stored in the BM except for a brief period and are released

into cireulation to populate the secondary | ymphoid organs Thé B cells occupy
the lymphoid follicles. ' E

4R s

Each of these stages can be identified by the expression of certain cell surface
antigens which can be detected by immunophenotyping. Some {?f these antigens
are described.

Teble 10.1 _ it

. |

-
Progenitor B cell TdT, CD34, CD19,Ig gene rearrangement "-, ¥

o EEATEAREL B

Cell ) Antigen

Pre B cell ; clg, CD 10, CD 19, CD20 |
Immature B cell slg,CD 19 ,CD20. TdT, CD 34 ;md CD 10 are
: not expressed
Mature B cell coexpression of surface IgD (high) and lgMX
(low), CD 20, CD 22. \

This cxprcssi'on of antigens is used in the classification of 'lllcukemias and
! v
: l

\

gl B

S :
-
]

e

lymphomas.

ol

IThe T cells populate the perifollicular cortical areas in the lymph node. Th.ey
are derived from progenitors which migrate to the thymus where thcz ‘seltle i
in the corticomedullary junction. The stages in the developent of 1 feus ﬂ
ave simnilar to B cells. The antigens eX pressed in each of the stages are desct ibed

1

now

i i spitor cells ittec elopment of T cells eXpress i
The earliest progenttor cells committed to the develoy ' :

TdT and CD 34. 1 » -

: o B L
The immature cortical thymocytes €Xpress CcD7, TdT, LCD3 and [h:;iion ; :
Iymplmcytés undergo TCR gene rearrangement. On further matu L

1
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: gh factor is an antigen Present i |
s L |
v d;scosq:.'et:!:y Landsteiney ar::i E\?C This antigen
‘Rh faclor - are many Rk angionp - oC the name
antigen is more antigenic i human 98NS but only lhe D
he persons i : 3 !
- dThospe with E‘:"’f‘ngD.ant.gen are called R}
an without D anligen ara call ed "'Rh positive:
nmongolndlan Population, 859, Dr“peop?ed Rh negative.
and 15% are Rh négative, Perconiagg o Rh positive
people IS more among black people 9¢ of Rh posilive
Rh group system is different from ABO groy
because, the antugf{n D does not have Cgroubp syslem
natural antibody (anti-D). However, if Ry posjftr_e? Ponding
.:ransiused to a Rh negative person Ao iqlw_a blood s
in malt F"ffson-.;:): l!’?e' other hand, there js ‘ii?e.lupe‘j
complications if the, Rh Wi o risk of
e positive person fec?ives Rh

negative blood. |
g .'

H INHERITANCE GF Rh ANTIGEN |

Rhesus factor is an inheérited dominant f. ;

L5 tTaclor. It
homozygous Bhesys positive with DD or hetem:]yag);ﬁg
Rhesus pos:_llw-a with Dd (Fig. 19.2). Rhesus negalive
occurs anly with co_mpiete absence of D (i.e. with

homozygous dd).

B APPLIED PHYSIOLOGY
B TRANSFUSION REACTIONS DUE TO ABOQ
INCOMPATIBILITY ‘
Transfusion reacl_ionsf are the adverse reactions in the
body, which occur due 16 transfusion error that invalves
transfusion of incompatible (mismatched) blood. The
reactions may be mild causing only fever and hives (skin
disorder characterized, by itching) or may be severe lead-

ing to renal failure, shock and death. .
In mismatched transfusion, the transfusion reactions

~ occur befween donor's.RBC and recipient’s plasina
So, if the donor's plasma contains agglutinin$ agairsl

~ recipient's RBC, agglutination does not occur because
ent’s blood.

these antibodies are diluted in the recipients e
But, if recipient's piasll'na contains agglutinins aga nsse
. donor's RBCs, the immune system launches a restpor:ec’
. . againstthe new blood cells. Donor RBCS aré aggl_u ina
1 re;yltf_ngin frangfusion reactions. . J.
.‘ ‘e % o o P R . i. ‘. [ . :
Severity of Transfusion Reactions
) : \ i ' .
. +Severity of transfusionreactions v
and chills) to severa. (acute kidney f
_.dEth], Seventy depg;nds upon the &

o ¥

ilure, s _QD
s unt of bl

i mild (fever
aries from M= T
ood reactions. The recip
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Fo o Fore X
y o .fl L
e g 98 fo0n
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All offsprings are Rh + ve (heferozygous] ]
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J dd i
, Rh=ve ¢
oo 0:0 [}
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FIGURE 19.5: Inheritan
is homozygous with DC. B. li
C. If father is heterozygous with Dd.

transfused, type of reaction and
patient. :

ce of Rhesus (Rh) antigen. A, If father
B. If father is homozygous with dd.

general health of the

cause for Transfusion Reactions
patible blood produces hemolylic

jon of incom
raren lent's antibodies (196 or 1gM)
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adhere (

deS!roye; t:_]a donor RBCs, which are agglutinated ant

into plas i ane amount of free hemuoglobin is liberated
Ma. This leads to transfusion reactions.

S
‘9ns and Symptoms of Transtusion Reactions
Non-hemolytic transfusion roactlon

rNOf'I-hemolytfc transfusion reactlon dovelops within a
ew minules to hou;s after the commencement of blocd
1ransr|::slcn. Common symptoms are fever, -difficulty In
breathing and itching.

Hemolytic transfusion reacticn

Hemolylic transfusian reaction mav be acule or delayed.
The acule_hemolytic reaction occurs within few minutes
of lrar?srusmn. it develops because of rapid hemolysis of
donor's RBCs. Symploms include fever, chills, increased
heart rate, low blood pressure, shortness of breath,
brpnchospasm, nausea, vomiting, red urine, chest
pain, back pain and rigor, Some patienls mey develop
pulmonary edema and congeslive cardiac failure.
Delayed hemolylic reaction occurs from 1 to 5 days
after transfusion. The hemolysis of RBCs results in
release of large amount of hemoglobin into the plasma.
This leads to the following complications,

1. Jaund:'cé

Normally, hemoglobin reieased from destroyed RBC is
degraded and bilirubin is formed from it. When the serurn
dilirubin level increases above 2 mg/dL, jaundice occurs

Chapter 33). :

. Cardiac Shock_

imultaneously, hemoglobin released into the plasma
creases the viscosity of blood. This increases the
orkload on the heart leading to heart failure. Moreover,
xic substances released from hemolyzed cells reduce
2 arterial blood pressure and develop circulator/ shock

g. 19.3).

Yenal Shutdown
ifunclion of kidneys is called renal shutdown. The

eated with artificial kfdpay. the :
2 days because of jaundice Q;‘s%. A
due lo renal sh 'Cuﬁa*}, R
Ut Sl \ y .
: O 3 _
Hy,

If not Ir

within 10 to 1 :
shock and more specifically

anurla. (

@ TRANSFUSION REACTIONS DUE TO
Rh INCOMPATIBILITY o ’

Genorally,| Rh Incompatibility -df‘l"".'sés"’an 1
reactions. Rh Incompallbility In fetus causes h: Wyt
disease Isading to erythroblastosis fetalis, "o

When a Rh negative person‘:recaives Rh L
blood for tHe first time, helshe is not affecteq mJ“ X
since the reactions do not occur immediately, g ™,
Rh anlibodies develop within 1 month. The traﬂSfL:‘h‘e
RBCs, which are still present In the recipieni's ),
are agglutinated. These agglutinated cells are ygeq, '
macrophages. So, a delayed transfusion reaction Oty
But it is usually mild and does not affect the recipgy
However, antibodies developed in'the recipient fema: 2"
in the body forever. So, when this person recsaiw,'sﬁl‘[}l
positive blood for the second time, the donor RBCs are
agglutinatej and severe transfusion reactions occyr

immediat.ely (Fig. 19.4). These reactions are similar |y
the reactions of ABO incompatibility (see above),

Hemolytic Disease of Fetus and .Nelwborn.-
Erythroblastosis Fetalis :

Hemolytic disease is a disease in fetus and nawbom
chararfterized by abnormal hemolyéié‘ of RBCs. ltis du;
10 Rh incompatibility, i.e. the difference between the Rh
blood group of the mother and baby. Hemolytic disease
leads to erythroblastosis fetalis.
Erythrob[ast'osis fetalis is a hémo]ytic disease in
fetus, charaglenzed by the presence of erythrablass
o PG ;

[ i

Jaundice |

.._p.:

— Cardiac shock |

= substances from hemolyzed cells cause constric-
of blood vessels in kidney. In addition, the toxic sub-
ces along with free hemoglobin are filtered through
rerular membrane and enler renal tubules. Because
Jor rate of reabsorption from renal tubules, all these
tances precipitate and obstruct the renal tubule.

surdenly stops the formation of urine (anuria).

R\ Lvﬁéhal shuidowﬂ
1 ¥

1

Recipient |

| o i
FIGURE 19.3: Complications of mismatched blood
' transfusion, ' |

|
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- “Complications of Erythroblastosis Fetalls -

1
No complicalions,
Rh antibody is prodyceg

“Rh antigen;teacls with Rh antibody,
produced afler first transfusion

Agglutination -

FIGURE 19.4: Rhesus (Rh) inmmpalibiﬂw.;

in blood. When a mother is Rh negative andifetus is
Rh posilive (Rh factor being inherited from the father),
usually the first child escapes the complications oi Rh
incompalibility. This is because the Rh anligen cannot
pass from fetal blood into the mother's blood through the
placental barrier. '

However, at the time of parturition (delivery of the

- child), the Rh antigen. from fetal blood may eak info

mother's blood because of placental detachment.
During postpartum Pperiod, i.e. within a month after
delivery, the mother develops Rh antibody in her blood.

When the mother conceives for tha second ime and
if thefetus happens to be Rh posilive again, the Rh anti-
body from mother's bload crosses placental barrier and

enlers lhe felal blood. Thus, the Rh anligen cannot ¢ioss.

the placenlal barrier, whereas Rh anlibody can cross il.
Rh antibody which enters lhe felus' causes

agglutination of fetal RBCs resulting in hemolysis.
Severe hemolysis in the fetus causes jaundice.

To comperisate the hemolysis of a grealer number of

:BCS._there is rapid production of RBCs, not only from
: one marrow but also from spleen and liver. Now, many
arge and immature |cells in proerythroblastic $tage are

- Teleased info circulalion. Because of this, the disease s -

caliéd erythroblastosis fetalis. |
: |

1. Severe anemia.
2, Hydrops fetalis.

5 3 Kernicterus, l

1, Severe Anemia

_ . : he infant
Excessive hemolysis tesults in anemia and |

dies when anemia becomes severe.

2. Hydrops Feialis

- in fetus
Hydrops fetalis is a serious condition o '

; inthe
characlerized by édema, Severe hemolys's resugi;eien
development of edema, enTargemenbl_or liver an ; e
and cardiac failure. Wien this condition beC?Tes
severs, it may lead to intrauterine death of fetus.

3. Bilirubin Ence_phafopafhy: Kernicterus

i isorder
Bilirubin encephalopathy is 2 neulroipgtcall d;;h;c:;:ed
characterized by brain damage In !nfan snemia i
by savere jaundice. if the baby survives e; L
erythroblastosis fetzlis (see ab'ove), encephalop
develops because of high biiirubln'content. —_—
Bilirubin encephalopathy IS often calle I j
kernicterus. The term kemiclerus. ref_ers to yellow
slaining of brain tissues caused by bilirubin. .
Blood -brain barrier is not well developed in infants
as in the adults (Chapter 160). So, the bilirubin enters
the brain and causes permanent brain damage. qut
commonly affected parts of brain are basal gangl:_a.
“ippocampus, geniculate bodies, cerebellum and cranial
nerve nuclei. -

Features of encephalopathy:

i. When brain damage starts, the babies become
lethargic and sleepy. They have high-pitched cry,
hypotonia and arching of head backwards.

ii. As the disease progresses, they develop hypertonia
and opisthotonus (Chapter 162).

iii. Advanced signs of the disease are inability to suckle
milk, irritabilily and crying, bicycling movements,
choreoathetasis (Chapter 148), spasticity (Chapter
32), seizures (Chapter 158), fever and coma.

|
Prevention or Treatment for Erythroblastosis
Fetalis

i. If mother is found to be Rh negative and fetus is
Rh positive, anti D (antibody against D antigen: 19G
should be administered to the molher at 28th anc
34th weeks of gestalion, as prophylactic measure. |
Rh negative’'mother delivers Rh positive baby, lhé'
anti D should be administered to the mother ‘wilhi'
48 hours of delivery, This develops passive immunil
and prevents the formation of Rh antibodies
mother's bloed. So, the hemolytic diseasa ¢
newbarn does not ocourin a subsequent pregnanc

Yot 1
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VT Section o
LT3\ Section 2:

Blood and Gody Fluids

il the baby is born wilh erylhroblaslosis folalls, :ho
Ireaiment is given by means of exchange lranslusion
(Chapter 20). Rh negalive blood Is lransfused Into
the infant, replacing infant's own Rh posliive blood.
It will now take at leasl 6 monlhs for lhe infanl's
new Rh positive blood lo replace the \ranslused Rh
negalive blood. By this lime, all the molecules of Rh
antibody derived from the molher get destroyed.

B OTHER BLOOD GROUPS

In addilion to ABO blood groups and Rh faclor, many
more blood group systems were found such as Lewis
blocd group and MNS blood groups. However, (hese
systems of blood groups do not have much clinical

importance,

& LEWIS BLOOD GRoOuP

Lewis blood group was first found in a subject named
Lewis. The antibody that was found in this lady reacted
with the anliyens found on RBCs znd in body fluids
such as saliva, Qastric juice, etc. The antigens, which
are named Lewis anligens are formed in the tissues,
released in the body secretions and then absorbed by
the RBC membrane, Because of secrefion along with
body secretions, thase anligens are also knowr as
Secrelor antigens. Presence of Lewis antigens in children
leads to some complicatiens suckh as refarded growih.
Sometimes, it causes ransfusion reactions also.

& BOMBAY GROUP: H ANTIGEN

H anligen is the precursor of ABO g.oup antigens, i.e,
antigen A and anligen B. H antigen is present in RBCs
of all individuals, If 2 Person has the gene for A antigen

Rarely, in some persons A, B and H antigens are
absent in red blood cells, This group is called Bombay
group, since it was first discovered in KEM Hospital In
Bombay in (he year 1952,

Serum of this Bombay §oup conlains anti A, anti
B and anli H antibodies. Sera of |hese persons will
agglulinale the RBCs of all oliver groups excepl Bomoay
30Up as lhe red cells of Bombay group do not conlain
1 antigen. While typing the blood yroup these persons
& seen as O group as anligens are abgent.in RBCs,

0.RBCs are agglulinated while lyping. However, during
OSsmalching sera of [his group will agglutinate the

8Cs of all other groups.

W P BLOOD GROUP: P NULL BLogy, GRg

Tha P.blood group system (g 2. rarg o
discovered In 1027, In 2018, doctorg of f.{-; g7
identified P null lype phenolype firgt time 1 f'n ‘:’b,; }:“'. :
This syslem is on (hé basgiy of presen,. " ia, :

of P. P1 and Pk anligens on surfae Of reqf ar%
These anligens located on epithelial lining ;’" Gy |
syslem form the adhesion siles for fe bamgﬁéu?q? |

£

that cause! urinary Iract infection, | ot

Anlibodies against P, P1 znd Pk antj ons C-an =
acule intravascular hemolylic reaclion duiing ; cfff’*"e-i
ible blood transfusion, Particularly,antibodjgs ‘:'_’_:af.
P and Pk anligens can cause seyere erythrob,%‘j_::
fetalis, In women, these anlibodies Causge Spom;',;:':" g
aborlion, . e B

B MNs BL;OOD GRoOUp

MNS bloodr groups are determined by their reactipr.
wilh anti-M, anti-N ang anlj-S. However, these b!*:; "
groups rarely cause any lrouble Jike h;emolysis follgy; . f
ransfusion,, ' 2]

B OTHER BLCOD GROUPS
I

Other blood groups include:
1. Auberger group,
2. Diego group,
* 3. Duffy group.
4. Lutheran group,
5. Kell group.
6. I group, |
7. Kidd group.
8. Sulter group, ’
9. Xg group. 4

LA |

J
® IMPORTANCE OF kNowg g '
GROUP - roeo

Nowadays, knowledge of blood grodp is v i
_ S e tial
medically, srl:cfal!y and Iudicially, The imprgne;,f:: :;f
knowing blood group Js; | -'
1. Medically, It is imporiant during blogg transfusions -
and in tissue transplants to save life,
2. Socially, one should know his/her own, blo
and become a member of (he Blood_Donor’: célﬂr;:g
thal he/she can be approache: fer'blogg donation
during emergency condilions, :
3. Itis general among the coliples, knowledgg of bl
. = ood
gioups helps lo prevont the Complications due to Rh
incompalibility and save the chilg from the disorders

like erylhrbblas!osis fetalis. 3
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|érates ting pathway) and fibrin producth

binase is formed in stage I, two sep-

how prothrom
extrinsic clotting

for coagulation can occur: the
e intrinsic clotting pataway.

Depending on
arate pathways
pathway and th

Extrinsic Clotting Pathway
The extrinsic clotting pathway is s0 nared b
chemicalsithat are outside of, or extrinsic to,
19.11). Instage 1» damaged tissues release mixtur
‘and phosbhph’pids called thrombo,
tissue factor (TF), or factor 111, Thromboplastin, in
+ forms a complex with factor V11, which acti-

vates factor X. On the surface-of platelets, activatcd factor X, factor
\A platelé phospholipids, and Ca®* complex to form prothrombi-
nase: In stage 2, proth;:ombinase converts the soluble plasma pro-
tein prothrom thrombin. During stage 3,

bin into the enzyme U
thrombir converts the soluble plasma protein fibrinogen into the
" insoluble;prote

in fibrin. Fibrin forms the fibrous network of the
clot. Thrombin also stimulates factor X111 activation, which is nec-
eisary to biabilize the clot. '

ecause it begins with
+he blood (see figure
e of lipoproteins

the presence of ca’

plustin (throm-bo-plas'tin), -

Inirinsic Clotting Pathway
The intrinsic clotting pathway is so named bLeca
hemicals that are inside, or intrinsic to, the blood
In stage 1, damage to blood vessels can expose C¢
nective tissue beneath the epithelium lining the t
plasma factor XII comes into contact with collagt
tivated and it stimulates factor X1 which in turn
Activated factor IX joins with factor V111, platelet
Ca®* to activate factor X, On the surface of platele
X, factor V. platelet phospholipids, and Ca®* con
thrombinase. Stages 2 and 3 then are activated, ar

Although once considered distinct pathwa
_that the extrinsic pathway can activate the clotti
intrinsic pathway. The TE-VII complex from the
can stimulate the formation of activated factors
pathway. When tissues are damaged, thrombop
leads to the production of thrombin, which car
the clotting proteins such as factor X1 and prot}
thrombin is part of 2 positive-feedback systerm |
production stimulates the production of adg

s
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Depending on how prothrombinase is formed in stage 1, two sdp- Intrinsic Clotting Pathway
arate pathways for coagulation can occur: the extrinsic cloltlng The intrinsic clotting pathway is so named becaus
pethway and the intrinsic clotting pathway. chemicals that are inside, or intrinsic to, the blood (:
In stage 1, damage to blood vessels can expose coll
; nective tissue beneath the epithelium lining the blc
Extri nsfc _aom ng Pathway I : plasma factor XII comes mtl; contact with Eol]agen
The extrinsic clotting pathway s so named because it begins with tivated and it stimulgtes factor XI, which in turn ac
chemicals that are outside of;, or extrinsic to, the blood (see figure Actwated factor IX joins wi h factor VIII, platelet pt
19.11). In stagc 1, damaged tissues velease a mixture of lipoproteins Ca”* to activate factor X. C n the surfaze of platelet:
and phospholipids ca'led thromboplastin (throm-bé-plas’tin), X, factor V, platelet phospholipids, and Ga?* comy

;iopl;g;‘:’:eﬂ;f‘g:“‘ﬁ f?:lﬂr (TE), or factor 1L, Thromboplastin, in thrombinase, Stages 2 and 3 then are activated, and
ki oo ool wfrfgi : c?n:ple]x with factor VII, whick acti- Although once considered distinct pathway:
Vislatdetphceshelio dO platelets, activated factor X, factor that the extrinsic pathway can activate the cléttin

phospholifids, and Ca?* complex to form prothrombi- intrinsic pathway. The TF-VII complex from the ¢

nase. In stage 2, prothromblnase <o
ttin prothrombin into the enzym
thrombin converts the solyble plas

nverts the soluble plasma pro- can stimulate the formation of activated factors .
¢ thrombin, During stage 3, pathway, When tissues ure damaged, thrombopl:
insoluble protein ibrin, Fibyi for::: {Jhrotlan fibrinogen into the leads to the production of thrombin, which can
clot, Thrombin aso stimulates bt ¢ fibrous network of the the clotting proteins such as factor XI and prothi
essary to stabilize the clot, Lactivation, which is|nec- thrombin is part of a positive-feedback system in
b production snmulates the production of addi

i,
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i
|

ed Clots

amaged of di

gnthe walls

seased areas

The DangerofUnwant
led 2 thrombus

When pldtelets encounterd

in K Helps to Prevent Bleeding

oy of the factors involved In clot formation require vitamj
,oductif:: (.see tafble 19.3), Humans rely on two sour::a;mn K for their
ut half comes rom the die s for vt
e intestne Aitiblotics Eak:;-;at:dﬁ:::f bcomesfram bacturia{v?:::: :{i';e blood vei..els of the heart, an attached clot cal
[ these intestinal baﬁe;iﬁ.:lhereby i acterial Infections sometimes (throm'biis) mey form, A thrombus that breaks .'-:!os_rz imd pegins !¢
auling in blﬂdfﬂgpmﬁlems e cing vitamin KleveI;. and ll]rough the circulation is called an embolus (e’ ba-105)- ggth thre
. £E in K supp'ements m and emboll can result in death ifahey block Jessels that supP'Y blo
mrpaﬁenl.- on Pmlonﬂd anubiotic therapy. Newb i [?E necessary essential organs such as the heart, brain, 0f lungs Abnormal
fﬂ_fﬁﬂ"a’ bacteria, and a!vltﬁmin K ln]er:tiun.ls :ﬁ;m[s ekiese coagulation can l;z prevented of hir;dered' by the in'JectIm‘- af
pirth, Infants can also obtaln vitamin K from food sun:l Y given to infants at anticoagulants like heparin, which acts rapidly. coumadin (koo'm&
cow's mﬂk_c%tal ﬁ;ﬂﬁmﬁ_’{ﬁ than 'dOeS'huma;- -a; THE’L,B.ECMS" . or warfarin (war'f-rin), acts more slowly than hep2rim- Coumadin
e more le o ter aee-than bott m, ;k' b:e.a,sf:reﬁ" © prevents clot formation by suppressing the praduction of vitamin
gy K-;dgpeﬁ‘ggnt c_aaguigtl’qp fa-tors (1. VI T and X) by the liver.
Gﬂ;.’ls;l'}?i‘“'iruu sdifiwias first used 2¢ 2 't poison by causing &
b2 Al n.is a:proven affective -

-

ressdl

e

WA

oA

solution ;,-
< ro the wall;

control of Clot Formati = . .
Wi:houtcontrol, cdagtilation v.tr:glgs df T Ciok Retraction an(.j I'.?IS .
ion to the e circuiaro =t pread from the puint of 1:.1iti- The fibrin mcshwork constitutlag the cl_or adhere A s
b ealthy person st i hl')’ ystem. Furthermore, vessels in a blood vessel. Once 2 clot has formed: it begins 1o CON9E>
’ yugh areas that can stimulate clot forma- denser, compact structuré through 2 process knowT! a8 clot
Hﬂnw‘iﬂ'd small amo:-mts ofprothmmbin are constantly being con- tion. P]ate]ets contain the contracti[e proreins actin and f
-.rerte(-i into thrombin. To prevent unwanted clotting, the blood which opefarc in a similar fashion to that of actin and mY:
contains several anticoagulants (an’té-kc‘r-ag’ﬂ-lantz), which pre- smooth ruscle (see chapter 9)- platelets form small extensic
vent coagulation factors from initiating clot formatién. Only when attach to fibrin: Contraction © » extensions puls ©7 the fib;
coagulation’ factor -oncentrations exceed a given threshold does is responsible for ot retraction- AS the clot condense® a flul
~ coagulation occur. At t%e_site of injury, so many coagulation factors serum (sér'am) is squeezed out of it. Serum is plasma from
a(eacﬁvated that the dnticoagulants are unable to pfevenr clot for- fibrinogen and some of the clotting factors have been r€M ¥
mation. Away from the injun site, however, the activated coagula- Consolidation of the clot pulls the edges of the i
tion factors arc diluted!in’the blood, anticoagulants neutrzlize blood vessel together, which can help t© stop the flow of bl¢
them, and ciotting is PIE_"VEH.IEd- duce infection, and enhance healing. The damaged vesse
“Examples of anticoagulants in the blood arefantithrombin, aired by the movement of fibroblasts into the damagt‘ed a
heparin, and prostacyclfn. Antithrombin, 2 plasma protein pro- the formation of new connective tissue- [n additions epithe
duced by the livcr,sloWIyinactivates thrombin. Heparin, produced around the wound proliferate an fll in the torn area.
ndothelial cells: increases the effectiveness of an- ' The clot usually is dissolved within a few days after ¢
tithrombin together rapidly mation by.a process called fibrinolysis (fi-bri-n ol'i-sis)» W
'klin) is a pro- volves the activity of plasmin (p[az'min). an enzyr
hydrolyzeé fibrin, Plasmin is formed from inactive plasty
tein. It’s activated by thrombi
ase, and 1y

dilation and by inhibiting ] blood pro
x]J, tissue-plasminogen activat
from damage

by basophils ande
tithrombin because Leparin and an
inactivate throm in- Prostacyclin, (pros-td-si
roduced by endothelial cells:

or (t-PA) urokin

It counteracts
which is a norma
d tissues (figure 1

9.12).Inc'

staglandin derivative P
..the effects of thrombin by causing vaso
. .- therelease of cba'ggla’tidn factors from platelets.
Rk Anticoagul nté are also important when blfood is outside enzymes release
the body. They prevént the clotting of blood used'in transfusions that are caused by blockage of a vessel by a clot, such as @ |
© and, laboratery blood  tests: Examples  inglude heparin, tack, dissolving the clot can restore blood flow and reduce
0 elhﬂcﬁediamiﬂetéﬁﬂﬁwﬂc (eth'il-én-di rg.ménhet-ra-a-se'tik) O dssues. For example, streptokinase (3 pacterial enzyme)
acid (EDTA)» and sodium citrate. EDTA and sodium citrate pre- urokinase-can be injected into the blood or introduced a
yent clot formation bY binding to a2+, ihus making the ions inac- site by ineans of a catheter. These substances convert plas
lotting reacfiof: J to plasrnin, which breaks down the clot.

i:zqsib!_e forc

v
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Cafdinvastular Shstem: Bloog

Stage 1 can ba aclivaled |

Extrinsie cletting pathway slarts

wilh lissue fa stor, which Is released

oulside of the plasma In damaged

tlssue.

age 1: Damage to fissue or
1od vessals aclivales clotting
tors that activate other clotting
‘lors, which leads lo the
duction of prothrombinase. !
2 activated lactors are within
ite ovals, whereas the

Clive precursors are shown
yellow ovals.

‘e 2: Prothrombin is activated:
‘othrombinase 1o form
1bin. '

1 3: Fibrinogen is aclivated
smbin o form fibrin, which
lhe clol.

0 viays;

in;rlna!c clotting pathway slants.
1:1 on Inactiva lactor XII, which Is In
0 plasma, I5 aclivated by coming

Into contact with a damagad blood
vassel,

Contact with :
damaged blood vessel’ 4

Jre 19.11 Clot Formation

L]
has a positive-feedback effect on coagulation by
elet activation.
a vascular spasm? Name two factors that produce
is the sour e of thromboxanes and endothelin?

the function of a platelet plu g7 Describe the process '
let plug formation. How are Ip!ate!e ts an importar't

lot formation?

20
21
22

23.

What s a clot ar:rd what Is Its funcﬂoh? -
]

Whatare coagu{au'an factors? )
Zlotting 's divided into three stages. Describe the final
event that occurs in each stage.

What Is the difference between extrinsic and intrinsic
activation of clotting? i L

Nt
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Monenuclear phnbucyto system - Wikipedia
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Whagocyte System
Mg, Q "

By the

—
l'ﬂ'lﬂllﬂmlt:!c:ll' ;ﬂm;;m:ytc system o mononucleny nhngucylic System (Mps) (also known as
If'l‘u "Qlil.‘u! nd d "-=—--—_..._..—-—--_.__..___._____________ e ———— e e W i i _— T

o oendothelia SYSiem or macropha
Phagocyiia eellsI oo T o encruph

n part of the immune system
The cells are primarily ;T;;nae;t;g'@g;@@'gaﬁhage:i;g;g_q
splecinyThe Kup( er cells of ﬁmﬁrﬁﬁd—fi—gmmﬁocylcs are also part of the MPS,
agocyle system and he monocyte macrophage system refer to two different entities, often mistakenly

_ eated in vetjey)
decumulae i, Iymph nodes and the
Tonucleqy ph

m'uiersl'ood as one,

ir conneelive tis.t;L_J_p.

:_l_l_-t:;nsists of the
The mop

(" [Ret if:uluendulhcli

al system” is an older term for the mononucle
itis unge

'stood that most endothelial cells are

ar phagocyte System, but it is used Jegs commonly now, as
not macrophages /2]
The Mononuelpg) phagoeyte system is also a somewh

]
at dated concept trying to combine g broad range of cells, and should
be used wit, caution,l4]

Contents

Cell types and locations
Functions

Hematopoiesis
References

ﬁc_;gmal--links -

Cell types and locations

; . and
e is formed in the bone marrow an
| is the largest unit of the mononuclear phagocyte system. The moncjcy‘t m,mmphage)
The spleen is the larges ; : oy . .
( iy I by the blood; it migrates into the tissues, where it transform fustioryteewa
triansported by i .

i d in liver (Kupffer cells), spleen and lymph nodes (sinus
tjEss B diffusely stabared huthe soonective Hssusan tem (microglia). The half-life of blood monocytes is
j\f]ill’.'rUj'ﬂ NPes § b d tral nervous systen ' o Las
acr es), and centrz wiclear phagocyte systen
; ; Iveolar macrophages), ' ihsioryenss. The msriomisi 600
histioeytes), lungs (a -, ophages is several months ; ole in defense
‘eas ife:span o tidsue macrop . 'stem has an important role -
about 1 day, whereas the I1feilp‘ lizted immunity. The mononuclear phagocyte S}-st A ——
. and cell-medin 5 e . oa, and viruses,
part of both humoral including mycobacteria, fungi, bacteria, plOlOZl iy
i i ‘ganisms, inclu is and digestion.
against microorga ) agoCytosis
- hrocytes, leukocytes, and megakaryocytes by phagocytos
ervthroceytes, 2
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Monanuclear phagocyto system - Wikipedin

WIKipgy A

Mononuclear phagocyte system

lll m
1II1IJIIUIO&\QIL mmmnuolu.n 1\.m},ucvlc system or nmnnnueh.n r phagoeytie system (MD'S) (also known s

the retie e — ;
llullncmlnllmlml w\.om or lun-.-rnpllm.,e wxlcml IS n p.nl uf the Immune ﬂ}ﬁloln that consists of !ht.'

\|1.'| lln 1
Phagocytie cellslT g located in relicular connective tissuel The cells are rrmmnly lnunacyu-\ nml nmcmphugcs nnd lhcy

i\ 3
-.Lumnl.lu in I\mph nodes and the. qpl.:m“\Thc ]\.Upﬂt‘l cells of the liver and tissue hlsliocyus are also part of the MPS

The
o monnnuclunrph-lsﬂtyit system and the monocyte macraphage system refer to two different entities, often mistakenly
understood as pne.

"Retic i ’ ,but it i
( culoendothelial svstem” is an older term for the mononuelear phagocyte system, but it is used less commonly now, as

ni URd
s understood that inost endothelial cells are not macrophage: 2]

oo ; ; !
he mononucleqy phagocyte system is also a somewhat dated concept trying to combine a broad range of cclls, and should
be used with caution 19)

Contents

Cell types and locations
Functions

Hematopoiesis
References

Eg[crnnl links .

Cell types and locations

('I‘hr spleen s the largest unit of the mononuelear phagocyte system, The monocyte is formed in the bone marrow and
transported by the blood; it migrates into the tissues, where it transforms into a hestiorstaer-a macroplmgc.) .

Macrophages are diffusely seattered in the connective tissue and in liver (Kupffer cells), spleen and lymph nodes (sinus

histioeytes), lungs (alveolar macrophages), and central nervous system (microglia). The half-life of blood monocytes is i
nbout 1 day, whereas the life span of tissue macrophages is several months or years. The mononuclear phagocyte system is

part of both humoral and cell-medirled immunity. The mononuclear phagocyte system has an important role in defense

against microorganisms, including mycobacteria, fungi, bactera, protozon, and viruses, Macrophages remave senescent
erythroeytes, leukocytes, and megakaryocytes by phagocytosis and digestion.

ntips Hm.wmpcdu.org!mmmanonudear_phagoqte_s_ystem 13
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hagocylo systom - Wikipodia
arp

Bi291201g ' tAononucle

Location
Adipose lissue macrophages g Marrow/Blood
Monocyte .
ver
Kupffer cel| L
! Lymph noce. .
Sinus histiocytes i ry alveolus of Lungs
' ' ' | pulmonaly ==7rs -
- Alveolar macrophage(dust cell) o _tive Tissues
: woseeosaniael oall) SR - aclive ===
Tissue macrophages (Histiocyte) leading to Giant colls | 22 S iy
Langerh l no o S | Skin and Lo . W=
9 ans Ce" b . oUS Systam ﬂl\_‘\‘__‘s
Microglia CQ"F!’E'-_N-BW.;-" . '&E
Hofbauer cell ' o ! Plgl_t_:e_nl_a ‘f_f
s foms O
Intraglomerular mesangial cll : Kidney - "
Osteoclasts Bone_ . .
Epithelioid cells ' ' _ Granulomas
Red Pul : . i Red Ulp of 5pleeﬂ
&d Pulp Macrophage (Sinusoidal lining cells) edp
Peritoneal macrophages Periton_ea_! Ga‘ﬂ*"ﬁ' )
Functions

Formation of new red blood cells (RBCs) and white blood cells (WBCs).
* Destruction of senescent RBCs,

* Formation of plasma proteins,

* Formation of bile pigments.

i tne breakdown of red
* Storage of iron. In the liver, Kupffer cells store excess iron from catabolism of herf:_e frgw;mn e g 1553
blood cells. In bone marrow and spleen, iron is stored in MPS cells mostly as ferritin; in
of the iron is stored as hemosiderin.

» Clearance of Heparin via Heparinases

Hematopoiesis

The various cell types of the mononuclear phagocyte system are all part of the myeloid lineage from the CFU-GEMI
(precursor of granulocytes, erythrocytes, monocytes and megakaryocytes.)

References

! Mononuclear+Phagocyte+System (hllps:ﬂmeshb.nlm.nih.gow‘recordﬁui?name=Mononuciear%20Phagocyge%205
ystem) at the US National Library of Medicine Medical Subject Headings (MeSH)

2 Inderbir Singh (2006). Textbook of human histology (htips://books.google.com/books?id= Ej22IAN
0). Jaypee Brothers Publishers. pp. 90-. ISBN 978-81-8061-809-3. Retrieved 12 November 2010

3. Hume. David A (2006-02-01). "The mononuclear phagocyte system". Current Opinion in fmnianotogy 1,
immunity / Antigen processing and recognition. 18 (1): 49-53. doi:10,1016/j.c0i.2005.11.008

gNkoC&pg=PAY

(https:#doi‘orgﬂ 0.10

. 16%2Fj.c0i.2005.11.008). PMID 16338128 (https://www.ncbi.nim.nih.gov/pubmed/16338128).
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MONONUCLEAR PHAGOCYTE SYSTEM

PI_ CMononucIEJr phagocyte system, also called macrophage system or reticulo-cndothelial system :

' class of cells that occur in widely separated parts of the human body and that have in commo’r‘l
l]'ne E}}'operty of phagocytosis, whereby the cells engulf and destroy bacteria, viruses, and other
foreign substances and ingest worn-out or abnormal body ccils\.j'Gcrman pathologist Karl Albert
Ludwig Aschoff introduced the tgrm reticulo-endothelial system in 1924, éollaling the cells
based on their phagocytic activity.lThe later reclassification of phagocytic mononuclear cells,
however, resulted in the cxclusion of endothelial cells and fibroblasts from the system; hence,
Aschoff’s term was replaced in the latter part of the 20th century with the name mononuclear

phagocyte system.) 2,

(\/Iononuclcar phagocytic cells arc derived from precursor cells in the bone marrowﬁhese
precursors develop into monocytes and dendritic cells, phagoeytic cells that are released into the
bloodstream. )§omc monocytes and dendritic cells remain in the gencral blood circulation, but’
most of them enter body tissucs. In tissues, monocytcs develop into much larger phagocytic cells

known as mncrophages) The great majority of macrophages remain as stationary cells within

tissue, where they filter out and destroy foreign particles. Some of them break away, however,

and wander through the circulation and within the intercellular spaces.

C_chis of the moponuclear phagocyte system differ in appearance and name because of their
~arious locations.JFor example, dendritic cells are found in many tissues, including the lungs, the
skin, and the gastrointestinal tract, as well as throughout the lymphatic system. Histiocytes are
found in numerous subcutaneous lissues.,ﬁgpf_f;_::_gells line the sinusoids of the liver. Microglia :

—

oceur in nervous tissue, and alveolar macrophages are found in the air spaces of the lungs. ‘

-—

lach phagocytic cell can engulf and destroy microorganisms, cells, and even tiny fragments of
“foreign objccls)such as bits of splinters and suturc materials. Several mobile macrophages can

-_— . . . - . - ., g -
surround larger foreign objects and coalesce into a single phagocytic ctll. Thus. by their

phagocytosis of foreign substances, WEC_S. monocytes, and dendriti m_an
important first line ol defense against harmful particles that have reached the body’s interio@
rmful particles I

(Cells of the mononuclear phagocyte system also participate in immunc reactions, in which a
complex set of events is targeted at a specific foreign substance. Through phagocytosis.

¥ . -
macrophages reve wers(surface molecules) on foreign substances:fAntigens stimulate

Tmmune reactions that arc directed by white blood cells known as lymphocytes. B lymphocytes

. (or B cells) synthesize and secrete antibodies with the help of T '.ymphocytes)(or T cells; T cells

» also capable of other immunological reactions not invlving antibody production). The

uction of antibodies. In turn, greatly stimulatés the phagocytic activity of the cells of the
mononuclear phagocyte system)

role in the destruction of worn=oul
phages. primarily thosc residing in
B e

nonuclear phagocyte system also plays an important
cells and the recycling of iron.] Specialized macro
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the bone marrow, liver, and spleen, break down_old red blood cells and metap

; . olize , NAOF
~cmoglobin (Tlicoxy ‘Ben-carrying pigment of red blood cells), thereby freeing thm :

hem i :
¢ Mducuon of new red blood cells.) s W
Disorders i pe
associs i ' 2
excessive desm,z:?d uurfz the mononuclear phagocyte system include anemia caused p 9'—\1'5;
ion o 1 i ' >
Mononycjear Phagocyt red blood cells, There are also malignant tumours relat g "3° "\}&‘
RCESTE oy iia :;1 cs :'har can be either localized or widespread throughout lheh_B"""e‘(LiO ' B
. * T e i ; .
Monocytjc leukemia @,-Of histiocytes, for example, occurs in malignant _h_;'-SIiO MMPEX‘ 48 - )
chara emann-Pick di ] oSy
Clerized by gy disease and Gaucher disease are o

hered itary d isorders

a products of lipj m ism w n
pi etabolis ithi ]
d cells of the mon

|
_i
]
;

s

(& scanned with OKEN Scanner



Mononuciear phagocyte system
(5«"

'_.,?, ILL ~ O\pn -_
I'he monunucleﬂr phagocyte system YMPS) is a part of the ipnune sysien that consists of the
phagoevtic cells Ylocated in reticylarconnective tissue. The cells are primarily monocyies and
macrophages, and they accumulate in lymph nodes and the gpleen. The Kuptter cells of the liver

and tissue histiocytes are also part of the MPS. N
~ ¢ Yoy Xt r:-fJ‘F-»-evaﬂ (s ek leney e Wi#-rf; . {me 1’ bilesdd €

“Reticuloendothelial system" is an older term for the mononuclear phagocyte system, but it is "E-f:u(zf
used less commonly fiow, as it is understood that most ¢ndothelial cells are not macrophages. !
\ = it

I'he spleen is the largest unit of the mononuclear phagocyte system. The monocyte is formed in
the bone marrow and transported by the blood; it migrates into the tissues. where it transforms
into a histiocyte or a macrophage. Macrophages are diffusely scattered in the connective tissue
and in liver (Kup(Ter cells). spleen and lymph nodes (sinus histiocytes). lungs (alveolar
macrophages). and central nervous system (microglia).”The hall-lile of blood monocytes is about
I day, whereas the life span of Lissue"n?acmphages 1s several months or vears. The mononuclear
phagocyte system is part of both humoral and cell-mediated immunity. The mononuclear
phagocyte system has an important role ip defense against microorganisms. including

mycobacteria, fungi, bacteria, protozoa, and viruses. Macrophages remove senescent
? el LI £atab:

crythrocytes. I€ukocytes, and megakaryodytes by phagocytosis and digestion. 4
e ——— ——— e e : e b
'. oy cond (Kodk Sepyet)
Functions 2

Formation of new red blood cells (RBCs) and white blood ceils (WBCs).
e Destruction of old RBCs and WBCs

« Formation of antibodies.

« Formation of plasma proteins.

» Formation of bile pigments. |
Storage of iron. In the liver, Kupffer cells store excess iron from catabolism of heme from the

breakdown of red blood cells. In bone marrow and spleen, iron is stored in MPS cells mostly as

ferritin; in iron pverload states, most of the iron is stored as hemaosiderin.

>
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I'he reticul ial sy :
s el g?’;i‘;‘;;i‘)i}ics?lf;m](REs) IS an essential component of the immune system.
nablE ST el 91][35[8 s located in dlﬁerclm organs of the human body. Phagocytic cells
G havn to 1 i:b- . ances, Suc}_} as bacteria and viruscs. rendering them incapable of

1€ body. They also ingest abnormal cells and old cells, thus clearing the body

of their harmful presence.

Phagocytic ¢ :
hagocytic cells are derived from the bone marrow stem cells and become monocyies. which

:.;;;ulate in the blood. qut of these monocytes migrate to different tissues inside the body.
en they are no longer in the blood circulation, they are called macrophages. Macrophages are

generally I{irge;‘ than monocytes and are mostly located in tissues such as the Lymph nodes, liver.
spleen, brain. and subcutaneous tissues.

The appearance of macrophages diffef depending on the organs in which they reside. where they
are also given specific names. They are called Kupffer cells when they are found in the liver. In
the brain they are known as microglia. When found in the lvmph nodes. bone marrow, and
spleen, they are named reticular cells. Tissue histiocytes or fixed macrophages are the names

used when they are located in the subcutaneous tissues, and while in the lungs they are known as
UL LIk

alveolar cells.
Cells of the reticuloendothelial system often remain fixed (o these organs, and they functionas

the first line of protection and defense of the body. They mostly filter and destroy objects which
arc foreign to the body, such as bacteria, viruses, and bits of sutures or threads used during

surgery. Some macrophages are mobile, and they can group together to become one big
phagocytic cell in order to ingest larger foreign particles.

The functions of the reticuloendothelial system are not only limited to the ingestion of these

foreign substances. The reticuloendothelial system is also important in presenting these
substances to other cells of the immune system, such as the lymphocytes. Lymphocytes in tum

secrete specific antibodies which can directly destroy specific bacteria and viruses. They arc cells
capable of remembering specific foreign substances. and render protection by attacking these

specific bacteria and viruses every time they cnter the body.
One other vital function of the reticuloendothelial system is camied out by the spleen. The spleen

is a specialized organ capable of removing old and deformed cells from blood circulation. It is
also capable of breaking down worn-out or old red blood cells (RBC) and keeping the

hemoglobin part of the RBC to be used again bif the body.
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e Cell and Tissues

The hurhan body is made up of man
& cells. Each individual cell is capable;
+ its own functions. Their normal functionsi:
.. 1. Organization: The cell cmlttij sia
organelles and their activities.| "~
. Nutrition: The cell is capable of 'gf|c

- 4. Reproduction: The cell is able 1o repro-
duce its identical when the nced arises
(repair). 3

® | 5. Excretion/regulation: The cell is capable
of maintaining its internal environment.
Irritability: The c2lls are sensitive 1o their

) | ZxEniy

' ' J : Vg

. ; 3 N . e T T S L "_, ERE=-15%, - 7]
w

)

-

energy for its own functions.

W
-;".s.;tf- }
LFP )

. . : siihd external environment.
3 Protection: The cell is able 1o fightagainst ‘

s the external & internal en fifd}f}lhé__ﬂ't:\l- A cellis a structural and_funetional unit
:ﬁ-}.ﬂ ? changcs_ Teeli of the bqu___

H‘T‘_‘E_i’.—. ; 3 e i e T

= . 5

1—:—:-!5- ¢ -~ Plasmaza

s ; T niembrane
=
Te—c, . L}'SOSO“]E e — - 1 ke I L T Smooth

endoplasmuc
reticulum

., ~Pproxisome 1— Nucleus
__ Nuclear
membrane
—-—- Nucleolus
1 Rough
endoplasmic
rehculum

-
.

" Kitochendna '\
. )

—1—- Golgi apparatus

Cytosksleton

\
e )

‘Fllg 2.1: Atypical cell.
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ghar Textbook of physio'-ﬂi}Y : : 1
E';,’/‘_’_—m-m‘a; ody, there ’I“‘hg chq;ged,hydrophthc portions of proteip
(na mullitnlhc;;\ curiluiiiiﬁch some cells get  are located on the surface and the unchargeq
foga f labor for
s 1 division ©

specific function and hydrophobic portions of proteins are located in.
ificd so to carry a : e or the
;?rn:;*c came they have to sacrifice on

c
gther general function €.g.. the nerve
Ry ) :
opecialized for the co g
ll?cy have lost their power of rehgel;\e}z di%ar
’!'husCthc cells in an animal body tho g
in their structure but most of them carry
common structures known as [

ells are 7 semipermeable, allowing selected substances
arouﬁdiheﬁuucleus.

(o5 ! g
asement Membrane or Basal Lamina

he organelles.” Uﬁdé%_ij;iﬂglm{)ﬂ cells there is a thin, fuzzy layer
The evtoplasm without organelles, is known plusi_idme\ﬁbrils that collectively make the

tosol that contains mainly dissolved basal lamina. 1t is the exiracellular matrix made
as ¢y 10 _

——

proteins, electrolyles and glucose. ..

up of:imany proteins that hold cells together,
regulate their development and determine their
gro\y_gb; These are specific proteins e.g.,
. collagens; laminins, fibronectin, tenascin and
sma Membrane Lo A .

Cell Membrane or Pla m , P"OY‘?@EWC .

Itis made up of lipids and proteins with a thick- g

ness 0f 7.5 nin (75 Angstrom unit). The majer Nuc:l,eus

lipids are phospholipid which are made up of; Whé’ﬁ%ﬁ:cel is cutin such a way that its one part

}. Hydrophilic end is of phosphate portion does nbt have nucleus, the part withou' nucleus
which is relatively soluble in water,

CELL ORGANELLES

| . dies ot withoudividing, A nucleus s maximally
2. Nydrophobic end is of lipid portion which , madeiip ofichromosomes. Each chromosome
is insoluble in water, is made up|of a giant molecule of DNA. The
- Protein - DNA trand is about 2 m'long (Fig. 2.7). DNA

charnels simiddar :

i -
I mhcieiea strand atintervals is wrapped around a core of

heads

histone proteins to form a nucleosome. The
_, ote

). honie | “holecomplex of DNA and proteins is called
—Hydrophobic |« ¢ i i. : s
tails chro) halin. 1 carries a complete blue print for
~all th‘éheﬁlaﬁ:ﬂe species. Generally, each nucleus
v At ! =
- contans a nucleolus, a patchwork of granules
fichIn'RNA. Its number become more in the
. : . growir.g cells. Nucleolus is the site of svnthesis
Fig. 2.2: Structure of cell membrane. - ofrik a%bi_n 5. The nucleus is enveloped within
These1wo ends are recognized as Wiead and @ hiclear membrane similar to that of the cel]
tail respectively, These molecules are present membrane, which is also permeable to ions and
in two layers in such a way that their heads or some.;sﬁe_ca IC messenger molecules,
e gt : o R
ihe hyarophilic ends m:nmm_w towards thg ECF Mito"é"Hon ria
and the [ICPwhereas, theirtails or the hvdropho- R4 L )
bicendﬁaininsidefacingeachother.Prlot'eins - Itis sausage shaped organelle, which is the
are embedded in the membrane as integral and

pm?_éi“*iehgrating unit of the ecli: Its number
peripheral proteins. The proteins, in the memb- - in theigytoplasm shows the degrea of cellular
rane. function as cel! adhesion molecules.

PR, Ll R . . *
activitylwhich is propertional to iz r mner 1
= LI popd i A .

carriers, pumps. enzymes. ion channels and | is '“:‘.d.-éi?‘jp of o layers of mem
receprors.

brane The
inner fembrane is folded 1w ro-~ -
- 1 S
cef - Exdknocel lilon LL.:JEL
1cF - Jotracalvlor Lhuid

FLS LY

4

the interiorof the membrane. Cell membrane is -

duction of impulsesand 1o passthrolighit. A similar membrane is present "'

< \
'::;:;.L-. /
‘.h _’,2
r ;
;s -
11
!
1
|
1
i
A
|
&
L
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The Cell and Tissues 7

|
g
| |
{7
rmqmbranc
ace between
iy’
ntra rlstal

(cnstae) The space inside the i inne
is called the matrix space and the sp
the two membranes is called as

the Enzymes concerned with th

bi log:cal
oxidation so as to

Space. The duter membrane is s%ud d'leth i

the reactions taking place jns d‘e the

mitochondria. The inner membrare is! sityldded ;

with enzymes concerned with ll.u:?se (G),

amino acids (AA) and fatty ac1ds (FA) '

catabolism so as to liberate energy. || il

i

* ATP synthase l--inli':' 3

GIAATFA e Energy + Coj""tﬁ;o
_ gHsii)

In this process energy is stcr,ed\"a& AP,

e
which is the principal, source of en?r
fid

provide ‘raw matep |i\]s for

the ATP is synthesized by the process of
oxidative phosphorylation.

=== Quter membrane

Inner membrane

Inlracrislal space

Cristae

Matrix space

Fig. 2.3: Mitochondria
Mitochondria contain DNA and this is

gy'-._and réspo’nsib‘e for synthcsis of some key.compo-

In a multitrillion ce)ﬂbodyda cell is a structural and functlonal unit.

Functions ofacell: 1. Orgapization® 3. Nutrition - 5. Reproduction
2. \rritabil’ Wu-' 4. Protection 6. Excretion
il ELCeIl membrane: Protectmnuand lransport of elemenls across lll

[Nucleus: The controllér of‘the cell,

has all programme in coded form (DN,&.)I

T N

'[Endoplasmlc retaculum studded with nbosomes . Seat for protein synthems_\

[ Mitochondria: The poWer-house seat of energy production |

\Golgl bodies: Store- house{for synthesu.ed protein and processing thereafter |

[Peroxisomes: Contains er;ymﬂs

for catabolic and anabolic reactions |

LCentrosome‘ Gets ac wated at'the time of cell dwlsmn]

"

[Lysosornes Conlams{ dagéstwe enzymes for enemy and au!oiyms] t

Cell organeils & their functions

1] bt

[Cytoskeleton and molec_u ar:motors: Provides framework and movements\

In many multitrillon cellul=r h umé

eg.,.

- dy' |
- get modified to do special f}mch?! S ieaving behind heir either of the usual functions
e

there is a division of labor for which some cells

[

Cells

petﬁ:’}ﬁl\lzéd for Lost power of

S

1. Nerve cells C

2. Secretory cells Secretion.
3. Adipose cells Storqge :
4. Muscle cells Contrachon

TN Ay ;
onduction of impulses - Regereration

Contraction and reproduction
Contract'on and secretion
Diminished reproduction

Fig.2.4}C

e —

) .
Y
i

: ell Organe!les and functions.
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§ Shon Texibook of Physio!ogy

ments cf‘pa:h\\'a}' foroxidative phosphoryiation.
ihis mitochondrial DNA is of maternal origin
being contributed by ovum,

Lysosomes

Tiese are la
surmounde
variely ol

"ge. irregular structures. which are
d by a membrane and they contain a
3 Cnzymes e.g., ribonuclease, deoxy-
ribonuclease, phosphatase. glycosidase, colla-
genase and cathepsins. They are like the diges-
Uve system cf the cell, which are capable to
digest maost of the engulfed material. In gout,
the phagocyvies ingest uric acid crystals, which
triggers the extracellular release of lvsosomal
enzymes. These enzymes contribute to the
inflammatory response in the joints.

When the Ivsosome enzymes are absent
corgenitally. it leads 1o the lysosomal storage
discase eg..

e Cathepsin K deficiency: Pyknodysostosis.
* Glycosylasparaginase deficiency: Aspartyl-

elycosaminuria. . .

* Tax-Sachs disease results from inability to
catabolize GM, gangliosides due to defici-
ency of lysosomal enzvme hexoszminidase,

Peroxisomes

Peroxisomes arc specific protein containing
bodies of 0.5 um diameter. surrounded by 2
membrane. Each of them contains about 40
different enzymes concerned with the catalysis
of many catabolic and anabolic reactions,
Peroxisome specific proieins are concerned
with the transport of certain substances into
and out of the peroxisomes.

A mutation of one of the genes coding for
a peroxisome membrané transporter causecs
defective beta-oxidartion of very lona-chained
lany acids ~ X linked adrenoleukodystrophy
that is faial in childhood.

Cytoskeleton

It's a systgm of fibres which serves two func-
lions:

actin)

ure and

~f the celiular siruct

. Maintenance chape 2 d

2. 1t permits the cell to change its

to move about.

Primarily. it is made up of_ rr:i il
microfilaments and proteins (At 25
and tie them together.

The microtubules are long, hollow struc-

tures with 5 nm thick walls and its cavily i3 of
IS fim ‘dizineter. They provide the }racks for
transport of vesicles, organelles.2nd chiromo-
somes’ (during mitotic division) by forming
spindles. |

The microtubules are made up of proteins
especially wbulin ( and B units).

Intermediate filaments are 8-14 nm in
diameter and are made up of various subunits.
Their exact function is ot known.

Microfilaments are 4-6 in dizmeter and
are long solid fibers. They are made up of zctin.
Actin and i('? mRNA is present in 2li types of
cells: It is the most abundant protein in
mam:ﬁ'_ﬁﬁan cells. In vivo, actin moleculas (G-
polymerizes to form F-actin, the long
ﬁlalﬁ'éf{tigtgus chains that are the microfilaments.

- The?fﬁrott%ins and various organelles in the
cytoplasm, move along microtubules propelled
by the-molecalar motors. These motors are
100-500¢kDd (kiloDalton) ATPases that get
anached with the protein or the organelle {going
to be moved) e.g.. kinesin, dynein. myosin.

s |
Endoplasmic Reticulum

Itisa co}np]n series of tubules in the cvio-
plasni.!The walls of tubule are made up of
membrlé"ﬁ}; Inivugh endoplasmic reticulum.
on the cytoplasmic surface of the membrane.
the ribosomes arc found attached so this
surfac ‘dppears granular. This is the site- of
protein.“sb’_htﬂcsis. In smooth endoplasmic
rcliculuiiffggra'ﬁules are absent and is-the site
of srerq_iﬂ"; 'sj-n‘hesis and detoxification pro-.
cesses in cells.

|
|
|
.-: I
it |
i
i
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,f‘,rl) These zi-re-specialized protein

Vo |
o 1B 2. Fasten cells to the basal laminal
!t éo

&

- A. The molecule may pass

The Cell and Tissues 9

Ribosomes

T'hey A€ 22-32 nm in diameter,
different Proteins. Tney are tha
of protein synthesis,

Golgl Apparatus

contain many
Sites'of all types

These are the Specialized glo
which primarily are the storehause for the
synthesized proteins and the

itissinvolved in
precessing of these stored praré ins e.g., the
conjugated proteins — IipoTrdt:é_in*s, glyco-

bular structures

proteins and hemoglobins, !

Centrosomes ”’M"WQW ,,.h ‘4,

AR
I Y 1l

In the cytoplasm, near the nucleulsf,ia:‘_structure
is present which is made up ql't}_\'l-_z")f:ét:"n trinles
surrounded by amorphous peiicen(riolar mate-
rial. The centriolesare shor cy,lindlrgc;:_all in shape
and are arranged at right angles to each other,
The centrioles are made up of microtubules in

group of three, run longitudinally in its wall,

There are nine of these triplets Spa'_t;é 0.atregular

intervals. When a cell underg
cess, the centrosomes dupli
and the pair moves apart to
the mitotic spindle.

oes division pro-
cate ‘themselves
form the. poles of

Cell Adhesion Molecules (C;

e Ty

, Serve to:

"1 Fasten cells to their neighbours.

3. Transmit.signals into and

cut}o, the cell.

Lo :
These molecules play an important role in

. imer-cellular connections, T e.binding inay

* caused by either of the following| manner:

hrough the cell

membrane and are anchored to the
cytoskeleton inside the cel, 11

B. The molecule binds to like molecules on
other cells (homophilic bi nding).

C. The-moulecule binds to other molecules on
other cells (heterophilic binding).

- The molecule binds 1o laminins - large
cross-shaped molecules with multiple
reccptors in extracellular matrix,

INTERCELLULAR CONNECTIONS

There are two categories of intercellular ¢on-
nections;

2, Connection that fasten cells to onc another

and 10 surrounding tissues,
b. Connection that permits transter of ions
and molecules from one cell to another.

- Tight junction
lzonula
Cccludens)

i . Zonula
adherens

-+ Desmosomes

T

== - Gapjunctions

Hemidesmosome

Fig. 2.5 Intercellular junctions.
Connections that Fasten Cells

There are two distinct groups:
I Connections or junctions that tie cells
together so to provide strength and stability

(o tissues: -t
Tight functions or Zonula oeely dens: Pl N

They specially surround'the apical margins \dj"'o

LT

i & v s . ! S
ofthe cells in epithelia of intestinal mucosa. \-“‘t
walls of renal tubules & allow passage of 2
some ions and solute in variable degree. U4

They prevent the movement of proteins in A
the plane of the membraric.

N AT
- o Zonula adherens: In epithelial cells it is >
usually a continuous structure on the basal L/ ;
side of the zonula occludens. It is the major o
e

bt b b e e
P A T I b e b

e
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e Jevel
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4) Short Textbook of Physlology - mcgscnsﬂs ﬁ'lwa i . s
jefo- €€ ce ‘ asides.
i micro . 110 CF.
gire of attachment for intracellular o"_.".'ﬁ?:?mcc \s do not €N’ mO% erceliuter
ere e : 4
ﬁ!amcnlS- . The ﬂppcnr s pﬁlcheﬁ Whe'rcarchhr e ggnﬂfa‘ v}";l‘) (;l‘lcm“:ﬁ‘ me . ;
I msmmms'yappﬁ:"cd tickeningofthe WL aon SYEET 1
g o T " . com e CE. '
.l[,.t-' a N mbrane of two adjacent cells. cells senger m}lwg via F'C-ia{‘”“' The n‘:urmra‘xnss
;‘ﬂ"_‘ -t = Connections or junctions that anac * ] Neurdl € mmun gt syna fic § netion
2 10 their besal lamina: _ itfers 2re relea 7 narrov/ |
[ LSS o note ekt g mitie: il nd act acro :
‘M of . )t i . HcmldCSI‘I'IOSDmL'..:._}" & i I-:jp el : ner‘,‘c cells naptic ce 1. A
P T Ty L cleft on 8PS e hormo- /.-,
¢ “TRese two arc labile structdres that 0¢ | Eadogrine commumicaM? s viathe: ¢ 7
filaments inside the =7 h factors reach’c ’ .

i
ats
gl (e

% g R
(o

associated with actin
cell and they help in cell

Gap Junctions

movement.

3

{ !“ w.—_.._—-ﬂ'""_ . . f
P et J ‘a They are connections that permit transfer O

£ M _
o f -!.ﬂt
t ¢ '.’-"-{"
i €
U
({ftﬁ

A Fa
'y

sn7E

¥
MR
I’_ "

= ’\‘i?:i- e

dhe;

(s 5

Ve
feaf | +|CNS.
="

The usual intercellular space of 25 nm get
reduced to 2-3 nm and hexagonal arrays of
protein unifs {connexons) from each cell are
lined up with one another.
up of six subunits surrounding a channel of
about 2 nm diameter. These very chaniels are
used for exchange of ions and molecules (with
mol. wi. 1000) from one cell to another cell.
These junctions permit the rapid propagation
of electrica! activity
muscles the action potential is Conducied .
through them. The diameter o connexon
channels is regulated by intracellular calcium
jons, pH and voltage. A high concentration of
— P e |
Caleram jon reduces diameter of the channels.

Presynaplic T
membrane 4 Fm

Gap =
(extracellular |2 am
space) -?

Postsynaplic 5 nm
membrane

Connexon (the
gap junction unit)

Fig. 2.6: Gap junctions.
INTERCELLULAR COMMUNICAT:ON

Mos: cells communicate with each other via

" es.and £
o E’:'rcu'ifﬁng blood.

prb:taé'i'ﬁs called cyclins and the cyclin-dep

il Sk i )
' : on “dfamased DNA. Failure fo repair
from celito cell. In cardiac. _ﬁa_magg_ ; / P

i ot
Paracrine communication: The prod&ett
oi‘ cells diffuse oul in the ECF 102 _
" Hdiehboring cells- '
e

A )

e of events during -

A
tit

: e ;éeisanorder1)'0ccurrenc f ing -
These units are made 'thér;%’irl:ito{ic division 1n @ celll The speciit )

endent

rofeokinases regulate this cycle. When DNA

-:g'e‘tfgj.ﬂamﬁged. its entry into the mitosis process
-}s_'iﬁiiibi_téd, so 10 provide

time for repair of the -

the damaged

DNA leads o cancer.

Apopto Sis

,l__’n}g'i_idil_ict] to dividing and growing under the’

g@ﬁkflﬁ:c ntrol. cells can die and be absorbed
"L__]_‘_d!q:c}?.}_he enetic control. This process iscalled .
'és'pﬁqg.‘s mmed cell déath or apoptosis (Greek
wqr‘c_j__ which means leaves lalling from atree).  *
It ce}lﬁ algo be called as ‘cell suicide” in the
’Ens‘ﬁlhﬂ thc‘ cell's own genes play an aclive

: 110@‘_ fnits emise (the necrosisis“cellmurder”).
Apup‘osr is common during the development

a vﬁ:‘Hn the advlthood e.g..

lgc:‘: al ncrvgus‘s_vstcm: A large number

EPipEyronsan glial cells are produced and - -

. die:during the remodeling.of the CNS

.l"] gthc devel()pmgm and

; il Ls the svna
{gﬁrm ion). ' 5 ynapse
'i.”‘:-‘- léi ;

Hdof mune system: The apoptosis gets
i AL nappropriate clones of immunocyies

T
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: > PesSponsible !
1] glucocomie 18 for the
1 é : & & UCOLDmCOids on | o !i)“\‘ effects o
B i It helps i " YMphacyyeg. § Junk DNA (catled 85 introme -
et . . wWunsg) The ab..
= P StWeen (e m"ﬂ\ nllof the welys i flfl1ltlx1nl1 DNA (in s:m---:i.! R s
§ b It helps in peps M fetal life, ¢ ndvidaltoingividual,
&R § 5.1 rse of Sexual develq $ S}t‘:ms in oy
& Y . + naduly fema es, it Avtlet ﬂpm?}]} n fcmg_ ,—\ },\
% 5 | 2K down of'the enge TS Ithe cyelic e <\
X i . to meﬂStruatmn endomeiriur’n: al itﬁds /ﬁ,‘f__‘;ﬁt f' %
RS S Itis hr i - 7 |
% g 1 Fesponsible for the death ofier f‘é\"—"’/ '1
= i SIOUEREd OfF the tins of thelr ok CrocHEs r o ',
& } T PSof thefintestinal vijl;, ~ Minor N ‘
S 3 e abnormal 4 i 4 Togooe | ACSL !
2 i : POPIOSs probak o i
Ry v T autoimmune diseases, de e £ 8- Rax T !
e t ; R » Nelode il 4 , |
< diseases and the cancer. gf’ﬂemme | &= ‘:
E‘ .- . §!. N, 3
& it % |
s DEOXYRiBo 4 X e
-% ; DN NUCLE:EIC AC D(DNA) Major AN C‘f i]
= 3 i i (o ¥
e I. A is found in bacteria, nuclti of eukaryotic | & :
N3 ) cells and mitoch . oo | JOuc e {
= : ltoc ondria. It is made up of two 57 - N |
= & long nucleotide chains,\vhicliamhohﬁdlogether /,/ s _______7.-'1 :
= E . by hydrogen bonds {between their ib: . ~ e
" T such a way th 1 EHouses) in S
R : The Ll oot they produce g helical shape. = - ‘
? 3 h;sfo elical le;apl? ;15 supported by a central o
g ne core. Both the chains are cor ' '
- - At -composed o Fig. 2.7:Doubls helical structure of
: * Pﬁosp_honc acnfi. deoxyrib sej_'s}il_gar‘_and ureofONAmolecule.
e nitrogenous purine ard pyrimidine beses - RIBONUCLEIC ACID (RNA)
: s it adenine (A), guanine (G), thymine/(T) and It )
: £ .- cytosine (C). It is estimated that each DNA .. '5‘“ cytoplasmic structure, made wp of &
‘ molecule has 3 x 10° pairs of|the'bases. The smis i TS BN with one different base
widih of each helix is 2.0 nm apd the lenpthis 4 enine, Guanine, Uracil and Cytosine.
3.4 nm whereas the total length of\excl [)\!A Moreover, it is composed of sugar motety
i . o SAEH AR ribose instead of 2'-deoxvribose.
, molecule is about 2.0 meter, Eagh chromosome k
T-: contains a segment of the DN d({iql_}b_l& helix. BIOCHEMICAL PHYSIOLOGY
g The sequence of purire and pyri| idine basesin - ‘ '
1} . a chain encodes the genetic rgessng!:,s. DNA The compounds are acids, bases or salts.
e % v . isacomponent of chromosom sth?j’;aany the An acid is a substance which provides
‘ [o"g genetic message — the blue print for all the hydrogen ions, whereas a base is a substance
<% L0000 heritable characters of the cell. Ageneis the  which accepts hydrogen fons.
L R, amount of information necessary tqispecify a | 1. The eiectmly‘teswigchalwnysemsun ionie
1. singleprotein moleculé. Thereare 0thousand = form (even in solic 5‘“‘“30323:;“;‘1‘;_[32
. ! " toone lac genes in the 3 billio baqﬁ:g!ggtrs t!-uat stro&g ele;frolh’hlsa:t;%;{w (NRHCOW).
£ make up the human genome. Th Pl'QTF!D coding (NaCl), sodium ; e
E i % in the 2. The electrolytes which get dissocia
; genes (called as exons) contripus *31 ; mo : ‘ letely into ions when they are present
[ : human genome whereas the re 1amr1rgg-_97/u is completely ! > ?
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electrolytes €.5- carbonic acid (H,COx

Glucose and ured are non-¢

or unionized moleculcs.
Based on electrolysis, the ions @

:nm two groups:
. The positively ¢
cations and

2. The negatively charge
anions.

The ions and the undissociat
of a compound in a solution, tagether exert a
pressure 10 retain its water content. This
pressure is called as osmotic pressure. Thus,
the osmotic pressurc o
upon the number of ions and undlssocaaze

number of molecules (aot on their size zm
weight). The concantration of osmouca]l

harged :ons are ca

d ions are cal!edi

s.-gm.zcanrpa:ncn‘es is expressed as osmolarity:
The concentration of osmotically acnve_:

particles is termed as osmole.

Osmolarity 3 :

I1 is the number of osmoles per liter of soluhon. o

The vofume of the various solutes in the so!utlon
and t2 mpcmrure affect it

Osmolality

It is the number of osmoles per Llfogram of
thz solvent. The volume and the temperature .
do not affect it. -
The 1o0tal plasma osmolal concentration is
280-295 mOsm‘kg of waler,
The toral CSF osmolal concentration is
289.C = | mOsm/kg of water.

One osmole equals the gram molecu'ar
weight of a substance divided by the number -
of freely moving particles that each molecule - '
liberates in the sojution e,o g,

a solution, are kno L R .
;}nws e.g., hydroch oric acid i lf;'::soclm._ Thus each m nole ofNaClim sullum;n winyly
i thich partially ¢ 4 es while each mole of N
3o erectrolyles o F:‘L.sent ina solution’ SJPPIY 2 osmol lies 3 nsmolc; o,
imo jons when (e {12 F ins their undis: | (Na® + Na- + SO3) suppll = T
: i conia i g
ket Smunlng too) are known 25 1Y eak: " oo splute is nonionizing compound, {e g
socizted molectle ! he number of its moledulos .- %

“Till glucose. urea). !
|ec:rnlytesw i Il determine the osmotic pressure. J’fumm

S 14
¥ sub‘slance in grams.

FES ik
ed molecule ,6* 10~ molecules. Th

f a solution dependsv.;

lolgarlthm 1o base .10 of the quantity is,

=1 osmole Na“+ 1 DSmgLe G

I=
mole NaC
tl)ne ' 2 gsmole Ma'+ 1 c..rng,,—, <~0.p

ﬂ“ éne mofa Na’SOl

is|not an ‘ideal solution because the ionic’
eractions reduce the number of particles free -

motic affect. -

e gram molecular weightofa =
lecular weight of the’ e ¥

rnt
10 LXCH an 0s

A mole is the
t- substance i.€., the mo

1" Each mole/mol consiss of appro*cimmclv \ \
e mole is the standard

il for expressing the quantity of substance

ysteme International (S1) units.

ure water. the number of H ions is equal
hlz number of OH " ions. In the pure W aier
) bC the cencentrations of H™ ions is 107
Llof water (the equivalent weight of H s’
o there is 107 g hydrogen jons per.liter of
Gater) hence is the.concentration of the

.

4i1-A solution containing equal number ol ™
1O " jons is called as neutral solution (in -
Jsp‘éc with water) and is expressed as pH ~-
he letter *p’ signilies that the negative

emplo ed instead of the quantity itself, )

.

AI'I increase in H ion concentration or a

decreaq in OH™ ion concentration in a solution

mal».cs i acidic whereas reverse of it makes it
arkalme (Derails are given in excretory system).- -

AEHNSPORT OF IONS/MOLE
TR CULES
_AGR,%S THE CEL]. MEMBRANE

TT1e*qu membrane is made up of a lipid bilaver

: whrch is sludded with large number of proiein

]
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The Cell and Tissues 13

molecules. Man

Y protein moleculﬂq enetrate
all the way thro :

biliyer 1 ugh the membrane. The lipid
not miscible with ECF and ICF so
behaves as barrier for water aq:. water—soluble
substances. To maintain budy homeostasis
movement of most ions across themembrane
is essential. The lipid soluble : ubstanccs e.g.,
©Oxygen, carbon dioxide, nitrogen and alcohol
easily move out and in through lhx.jmembran

by diffusion method. The wi teriand water
solutle substances move in and o “through
the proteir molecules in following wiys: |
a. Active transpor.

b. Passive transport.

Active Transport

It's a process for transport of [moecules and
ions ‘uphill® against a concentnatlon, grcssu'c

and/or electrical gradient. Hence somé energy

is spent in this process e.g., |ons ofisodium,
potassium, calcium, iron, hydr?geni‘*dhlorlde
iodide, urate, several different s
of ammo auds.

transport:

I. Primary active transport: In thjs, meohamsm
energy is derived. directly Iyom| 'ilr.IFnosmc
triphosphate (ATP) or some omcr high
energy phosphate compour
ples are sodium-potassium |
and hydr ogen ions.

2. Secondary acnvc tmnsport
nism energy is derived seco
energy that has been stored jn tl

. ionic concentration d:ﬁ'ercnce "

. of the'membrane e. g.

“a. “When sodium ions are atlive!f'?t'fﬁ- spori:

outcf cells, its large concentraliﬁd 110
the cells (in ECF) representg a ﬁprghouse
of energy because sodium |0|}s[;alwayq
attempt todiffuse inside the cell membrane:
This nature of sodium ion pu |§_»__0 Qr Subs-
tances along with sodium «{ cotaaiy
It's examples are glucose and amjy

‘ﬂi‘ll.ﬂl\. i

b. The above described mechanism with
sodium, when occurs inside (in ICF) a cell
to transport out sodium ion along with other
ions. it is called as counter-transport e.g..
calciuni and hydrogen ions.

Passive Transport

It's a process for transport of molecules and
ions as per concentration, pressure and.or
electrical gradients. Hence no energy is spent
in this process e.g.. water and waler soluble
substances through the protein molecules
studded in the lipid bilayer of the cell membrane.

Diffusion

It’s the random molecular movement of subs-

tances molecule by molcculefis the continual

movement of molecules in liquids or gases.
Generally, it’s process to equilibrate concen-
tration of ions and molecules on iwo sides of
the membrane.

itis bused on the basic property of soluble
melecules in liquids and gases. In molecular
stale elements are in constant are in constant

mojion due 10 generating heat in themselves.

Each molecule moves its own way withouwt
any particular fashion - zigzag movement.
They collide with cach other innumerable time.
In each-collision they cither loose or gain heat.
[t is known as Brownian moevement. Their
movement stops only at absolute zero tempera-
ture and heir speed enhances with the rise in
temperature of liquid or was. It is divided into:
a. Simple diffusion,
b. Faciliated diffusion.
Simple Diffusion -
In tﬁis mechanism the molecular Kinetic move-
ment of molecules or ions occur through a
membrane opening or through intermolecular
spaces.
The rate of difTusion depends upon:
a. Amount of substance available for dilfusion.
The veloeity ol kinetic motion.
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¢. The number and sizes of openings in the.
cell membrane,

The diameter of protein channels \farieﬁE
from 0.12 to 0.8 nm. The passage of substence
through these channels depends on three

i ..fﬁ'c“{'ﬁm'o hes.

ja\tt*rnm es the opening and closing of the
+ &hh ne 51 :'; - :I '
External ligands are neurohormones and % .

Ailfiternal ligands are intracellular calcium .

'-:-*-iéHS. cAMP, lipids and G-protein, ; ORI
faclors: . UM ‘¢hhno-sensitive protein channels " - !
| The diameter of the channel. MR 9 d to mechanical stretch.. """~
2. The shape of the protein channel (rounded, . jeiTERpun lay an important role TR R

oval, square, pentagonal, and hexagonal). hes channels play "3t e Phe
3. The nature of protein molecule's electrical . -é‘l-nmovemem. _ Ll
charge along with its inside surfaces. Fac}}:tate d Diffusion mus
Most of the protein channeis have two 1< mechanism there is an interaction: . p‘_ﬂ.}:a‘
common chanctcnsucs ; betw elc.n - prmeln and the moleculefion . O_.Sr
| S O e
g Th;s}é rrier protein binds chemtcaliy to shuttle e
® The channels i’ SPENS c]nseq by . i' 'thruugh the channel e.g.. the carrier- ECH
Eitgsp%‘:fsl:i ::lT;a.rconfonnauo-n)c.g..sod'.um ' mo Ti:m for g'lum?se is of 45.D0_0 molecular o
) ) ~ ! | we'{'ght( ature is'1ill not known). Most of the s od
The protein channels are three types: “.amino acids are also wransported through this sy
I. Simple aqueous ion channels c.g., aqu.l~ '>m. The substances are moved in the % '
porins for water molecules that remain | oh of their chemical and electrical
open all the time. ' and no energy input is required. ' i
2. Gated protein channels are with gate that' R iR : g . s
can be opened or closed. ! hey are of lhree i & transport protein channels are 01 =
types: %y __%})’PES g i , el
4. Voltage-gated protein channels where ' Uniporis: They “a“SP““ one SP"‘:‘“‘: e
the opening and closing of gate i§ potumal %F“b tance only. ERIS
voltage dependent c.g., channels fnr Bi¢!Symports: Protems\\'h'.chreqmre hmdma : i
sodium and potassium jons. f more than one substance and the .
b. Ligand-gated protein ch.umcls where 4. ubstances are transported across the - =
specialized substance in FCF or lllCF’j' neimbranc togethere.g.. in intestine sodium *
Carrier pmlexgs B '.
. i _Channelp_rotein ! .
P A | '
e o -
..;"( 5 s
~—— e . : &
E eqﬁuqdn Slf'np!l= diffusion : ' : .3_:-: i
TACaE B ¥ r— -
Diffusion

iy ATy
e i £
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=" These conditions are possible; only:when the
- cell membrane is semi-permeable i.e., the
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g
Ay
: b A

=nd o " Lol

Em::;m molecules get §1nd i%uh.a single
<. Anfiports: Proteins which-exchenge one
_-_‘ﬁ._su’t‘s:‘siaﬁce for another substance e.g..
 sodium-potessium ATPase moves three
- ~sodium ion out of the cell in exchange for
™o potassium ions into the cell.
Channslopathies |

Sl
s
SRR

These are diseases related to disorgers of ion
channels, These mostly affect the skeletal
muscles and brain tissue to produce episodic
y § oo AL
perelyses or convulsions. T
Osmosis

{ I -
R

i LT
i i
£
&

-NWater moves freely across the cellanembrane

without changing its concentration either in
ECF or ICF. Under certain conditions when-
water creates a concentration difference in ECF
znd ICF cause the cell to shriijkf':bfswall
respectively. These two condiiio_nfsj_ re called
=< ev-osmosis and end-osmosis respectively.

- - |
membrane is allowing permeation of water

molecules freely on one side jonly;whi
water soluble ions are of much grea

3

are unable to move along water-molecules or

! &

T

0 water soluble jons are present-oft che side.
§ }H‘- w3 . s

PoOoOOOO0

- Y-E-X-2- =114
,500C00PPT
000000C

-1 booooosees!
% ooo¢ooooﬁ.
00000009

- anl

Fig. 2.9: End-osmosi

When an appropriate presst re_-igfé'pplied in
ICF, the movement of water in [CF stops. The
amount of pressure that exactly slopswater
movement is known as osmolic pressure of
non-diffusible substance. The|osmotic pres-
sure is always exerted by particjes present in 2
solution, and is determined by[the:number of

particles per unit volume of fluid (not by the
mass of particles). The osmotic pressure is
expressed in terms of osmole.

| osmole is 1 gram molecular weight of
undissociated solute.

Filtration

The ions move across the fenestrated mem-
brane along the hydrostatic pressure gradient
e.g.. formation of CSF and elomerular filtrate.

Exocytosis and Endocytosis

A solid particle at the surface of the membran¢
grooves in or out to form a vesicle. which is
taken in (endocytosis) or thrown oul
(exocytosis) of the cell.

Pinocytosis
A similar process to that in exo-& endocytosis

but difference is that instead of a solid particle
this process takes place with a fluid material.

" Phagocytosis

Phagocytosis (*cell cating”) is the process by
which bacteria. dcad tissue or other bits of
material arc engulfed by cells suchas polymor-

“phonuclear leukocytes of the blood. The

material makes contact with the cell membrane.
which then invaginates. The invagination is

' pinched off. leaving the engulfed material in

the membranc enclosed vacuole and the cell
membrane intact.

Transcytosis

Also call2d vesicular transport. It is seen in
endothelial cells of capillaries and makes use
of coated vesicles. Small amounts of protein
are transported out of capillaries across
endothelial cells by endocytosis followed by
exocytosis on the interstitial side ol the cells.

TISSUE

When many similar cells at a site function in a
composite manner, collectively they are known
as tissue.
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H il i s . " '. )
“haste |11 secreting glands, cavities of brain, |y :
, bt 11 secreting g vNCanang |
There are five widely distributed’ basic entral canal of the spinal cord, -
tissues which are built up. in varying propars F .- j};ns & % 8
tions, to form the organs v/ithin the body, They ‘iURG

—
—

are epithelial, connective, skeletal or sc!éron:"{? ' Hifim rily protection andimj secr?uon.Theq b R
muscular and nervous. 1 cthelibim covering the intestinal villi, has abijpy * .

. !tbuabsorb the intestinal contents tOB..'i‘h{. "o RN
Epithelial Tissue ik pitllqclium. in serous cavities, providgsia ., |
It covers the surfaces of the body: "El'i':-??SifJHOJ“h moist surface. ' i
I. The external surface of skin. | %Typ s of Epi!heﬁa! Tissue : e 8
2. The internal surface of GIT, respiratory, 41y, - imple: It is of the following types: ' '
system. urogenital system. closed l:se.rc’u: J,

. L --". + S b
A Pavement: Flattened cells of variable shapes
T PR
cavilies, vessels. acini and ducts jof all 5}
sl

l '.__a{nd size. present in the alveoli of lungs, . .

il ;
A group of cells (with same stfuctlife wrien togather, Is called tissue. T
L - vk
Typesofitissue - _ t i
. et o :
Epithelial | ) scular Newcys . -
Present on outer and luminal ; kelctal X o
surfaces of the organs. i irdlac , g
1 Simple ?. Stratified ) TONRTR _ < | b
3. Transilional . i
'Ebnne'éii?é:"c%'{é?ﬁ?EEﬂ;EéﬁféiQst}c d réliculal fibers in varying proportions at places. i A B
also accommodates fibroblasts, primilive ‘mesenchymal cells, macrophages, plasma cells, || - o
fat cells & pigment cells. They are like a ‘first! Iﬁ-ﬂbo X' for the body. - E -
Blood, CSF & lymph are spe;c‘ie;{izediﬂuid..cc'ﬁ?jje’éti ve tissues where in their matrix, cells afe o g
| found suspended. - S e el b % -. s o
1| ) RS : e |!
SN UL (||| e LT R T
Areolar connective tissue: |t adoﬁls thel -Lymphoid connective tissue: \ 1 * &
slructure and functions as perrequirements. |l Commonly present in or near ! :
1. Loose fibrous tissue acts as pfacki'r'\jb. 1" | the susceptible tissues, 3 H‘
material in muscles & nerves. | '\l | which are often invaded by 2 '1
2. Dense fibrous tissue provides strengthi i vafious organisms i
to tendons, ligaments, aponeurosis, | sl ‘ A . :
fascia and valves of the heart, =~ .~ 1 Cartiade a o * i,
) . N O i Ve fi :
3. Elastictissue prowdeskeednmof'expan-—‘! b 1 P S wans Zeunective tmssm::e._ 1 1|
sion e.g., vessels ] [ oesess high quantity of collagen fibers '-
R = ; ogai]l < (50 'o provide them high tensile strength ;
{ .:il‘.'-‘,L-_'_. -I;--::TT--.-—- e T T Tm— e s am mn w e _ :
Adipose connective Liés’r{f”l + 111§ specialized 10 store tha') i |
excess of body fal. Foundinstit itaneous'layer, omentum i
and mesentery | . ok |
o .- v 1 Ay .I i | ol .-J
PRIl 7 hi‘l.’f_l. Al .
Fig. 2.8: Tiss -:'é.an'd their types., ‘
R R T -
§
Sy , .
| ' '
e
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r l 'ri-i
;E:'}:tl"r E

" it
y serous membranes, heart cavities, blod and
b lymphatic vessels, i

iy i esretory nature, present in GIT ineluding
o107 he related glands, part of male pret 14, vas

-

“' ~bulbo-urethral glands, greater vestjbular
", glands and in modified form ir ovafjes.”
e, Clllated: Columnar in shape, present along
o the respiratory tract up 1o the|respiratory
L7 bronchiole (except lower part|of phatyn
f‘;' and vocal cord), tympanic cavitjes, auditory
;1“'“"'“’- "tube, uterine tube, efMerent ductules aftestes,

,,_ff"f”.""-* Jobules of epididymis, ventricles of brain,
i reeentral canal of spinal cord (ependyma).
iy Stratified: Several layers of ce|lsiarranged
¥ rone over the other, present in| epidermis,
pant of male urethra and esophagus, Primary
function is protection. r;i 8,
3. Transitlonal: Several luyers with tljree dis-
disineainct varieties of cells, present i urﬂgﬁand
Bt " wrinary bladder. They provide chapgeable
I dmaccommodation, !

5=

= T

. mwean that it connects two cells ratl
M &S *binding". It consists of cells el
11 wrtrix, the ytoplasm may or may
"ﬁ:@’ﬁbms. ol

.. .Gommon Cells Types
s pnEibroblasts, which form fibers)
. connective lissue, i

I O
}

li‘n the
il

-2 Wistiocytes form a group of pha ”c::){llc
wueells of reticulo-cndothelial system, I !
i Plasma cells, uncommon in he: Ithy Bissue,
Bty MUMCTOUS in connective tissues p',r_ﬁictnlt-'!n

ut'ind the

i« mucosa.and submucosa of the
A 5f  eRentum, ' i il
RS Nast cells, found mainly in 005}'9?(’:0]1-
WdSctive s : ) Tl g
e @‘ wective tissue and in fibrous dapsutles. of
P drgans and around the vesscls.| |

o
A

A = . i I ‘: :
}@,‘.Rmculan cells, are found in the retjcular
A [ srtasin ¥ i 1L ~
F.,w-,mgncum tissues for the formation, of
it eeticular fibers. These cells are

b L
f iy
1 |

d ! ] 3%

¥ 1§

b Columnar: Cylindrical or rod sh"'ai’i_,;éd of |

o deferens, renal tubules, pros 'anéﬁ,_m _

ot ‘l]t,_.:‘:l:lero- _

genous nature i.e., regarded as embryonic
cells which give rise to the stem cells for
the development of blood cells, They have
fibrocytic and phagocytic alliances.

Fat cells, numerous in the adipose tissucs
and chiefly meant for the storage.
Pigmented cells, presznt in the corium of
the skin, iris and choroid of cyes.

. Malrix

[t is amorphous, viscous, semifluid substance
" which occupies the intervals between the con-
'nective cells and fibers, It contains water. muco-

polysaccharide (hyaluronic acid). h)'aluroqan

sulphate, chondroitin sulphate. alycoproicins
"und a little albumin and globulin.

Funections: The mucopolysaccharide
' forms hydrated gel.
| The matrix protects and binds together the

elements of the connective tissuc. It provides
‘medium for the movement of cells and dilfu-
'sion of metabolites between the cells and the
| vascular system. [t 's an important site tor the
iwmcr stbragc. The matrix amount decreases
(with age.

'Fibers

'They dre of three types:
la. Collagen or white,
'b. Elastic or yellow and
‘c. ,Reticular.

6.

s

" The collagen (ibers are composed o1 the
| protein collagen which is characterized by the
Ipresence of hydroxyproline (present only in
collagen and elastin). The fibers arc present in
'bundles 1o provide support and repair. It is
'maximally present in white librous tissue.
‘tendons, aponeurosis, ligaments, articular
«capsules, deep fascia. bones and cartilages.

. The elastic fibers have property ol
strength, extensibility and elastic recoil activity,
- The reticutar libers are maximally present
In reticular tissue and are believed (0 be
[immature collagen fibers,
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{

Types of Conneclive Tissue

I. Arcolar connective tissue: It is utilized
as (e packing material i m the body so to
provide strength to the body organs/
structures. Maximally présent in skeletal
muscle. nerves, hgumcms and valves,

. Elastic arcolar tissue: l{ conrains elastin

more so the organ can ewﬁand Bn need e.g.,
vessels and bladders. - <}

Fatty connective lissht‘ II is the store

house of fat and arc. 1115.\|mlzliy present

under the skin and i onijj.:_nll_u]

4. Lymphoid conncetive ﬁuc' It is scat of
body defense solare mmuma Iy found at
sites which are vulnerable; 10 foreign attacks

e.g., the dxg,esnve and"' hc kesplra{cry

k2

2

systems. 4 1 1

5. ¥luid conncctwc tisw +Blood, lymph
an cerebrospinal fluid J( :

THE BONES AND CARTILAGES

At the time of birth in | "Eb"rlk baby ihe

skeleton contains 50% cartifag gejand 50% bone.

At and alter age 0f‘7 ycarsi th# skeleton

contains 65% bone and 3595 arilage.

Functions of Skeleton | -

I work for the
body dnd-protccl': soﬂ and the viral
organs. ' ;

2. Mcchanical: llsupponstl} f 10assume
various postures. It pro: p. mt chment lo
the related muscles ani 50 that the
bones behave as lcvcrs '}i.?l' '

3. Metabolie: It pammpates N tissue meta-

bolism and helps in body/'sl\6mebstasis for
calcium and phoSphatc bﬂhﬂce

4, Ilcmatopmenc It ploduol'ésl ithe [cell com-
ponents for the blopd: : ~ ;

Classification of Bones;

The bones present in| thc '!1}.1 n‘ian
Tl |
classified on the basis ot lhéi ffil o)

I. The long boncsc g. 1hc hoﬁcSO

2. Theshort boneaeg :hcbOneq
and ankle. 44 A

3. The flat bones e.¢.; 1he hone: nﬁm I
mandible and sc1pufa - '

4. Theirregular boucs-c g lhe bunw,
vertebral column., “» +" | i

5. The sesamoid bonus Thcse bcinu
more or less rounded nﬁdllleh of
embedded in certain rendom anq us- 4!
related 10 articular: surfaces. Théy in,
pressure. diminish frictionand oceygiy, -
alter the direction of the' pull of 4y,
c.g.. patella embedded in the 1endgy ¢
quadriceps femoris.. Two each are, pre
~on the palmar and planmr aspects of
hand and foot.

t‘thu 41
oﬁh | 8

Composition of Boné

The bcme is a living tissue with Iullm

© properties:

a. Support and protection to soft tiss'uf:s

b. They are light and strong.

c. They can grow and remodel themselv
withstand normal or new siresses.

d. They are the store hmm for L.lluum
phosphorus.

They are- s,o.nposcd of waler £‘J“u ot
lotal body water) and sollds & &

- Among the solids uirlul Lortu,al 11uuc
¢ Organic substances (23%). ;.

Inorglmc subsmncu (75%).

Bone contains ”ak:lum 99%.0fthe toml ;
calcium, phosphorus 88%, magnesium '

sodium 33%, carbonate 20% of the 1otal
contents. ' e

Among the oraanic substances it con
collagen (90-93%) and therground subste
(3-10%) - glycosamiroplycans. glycoprol
lipids and peprides.

The bone is composed of a tough ory
matrix (greatly strengthened by deposi
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' t*—ﬁ'-d substancBy g

-y~ deposits

. mesenchymal rctlcuhlm.

Osteoblasts

(he bone. the marrow cavity an lhu

5 " cleated primitive cells called
_ nitor cells. The conversion of ¢ slcc_!p of:

"3-_ b} cortisol, i‘hc:r functions are: J

* fuzh orga
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salts). The compact Lon'qil'éconminls

calcium
T awix 30% and salts 70%. il
« -gone Salts m‘
e crystalline salts deposited in‘the or ganic
matrix of bone are composed p[i’{" cipally of
calcium and phosphorus [Hydi Xy glrite Cay,
Tﬁ\pgstrom

(PO;)& (OH)] EﬂCh C|“‘!5rdl is 0

long. 10- 30 Angstrom thick, IO()! :

wide and i shaped like a long. ﬂal[
en fibers of comp pacijb

The collag
omposed of rnpeatmg periodic egn% it

640 Angs:rom along its length.. )’d'ﬁfrfyﬂpatlte

gSil 0 I'I'l

_—'3

Ile

djacent to each se'gmﬁn of fi ber

bound ng . This intimafe
sshear” in the bone i.c., prﬂvenrs the

revent

crystals and collagen Tt fibers fram. sljupp;ng out
of piace. The collagen I fibers of pone e those
of tendons. nave great tensil ength,
whereas. the Lalculm salts have|gred npres-
~sional strenglh o

gone Cells

The bone cells are of three type

derived embryologically. fron

These cells are conf‘emed W
mation and are siated on the urﬁ

plate. These cells arise from th?

ce”smlolhcosttoblaﬂL-:.‘i'lsl : 2!
? J

h has a role in thc rmmat on

:yifecretmg type | collage 1 d._
oat ed matrix Gla protein.
Steocalcin. The other pr tel

ith Ihf. one t'or— .
"1 reabsorption during the bone remode

in the malrix are also produced hy the

osteoblasts.
2. It has a role in the calcification of sones.

The Pslcobldsls are rich in the enzyme
.alkahp'c phosphatase. necessary for the
deposition of calcium into the bone matrix.
Th:.z proteins (Gia protein & osteoponiin).
which are involved in the calcification. are
also produced by the ostcoblasts.

. Afl.er taking part in the process of bone
ormation, t[}e-osteoblasls differentiate into the
osteocytes ’wh:ch are trapped inside the Jacunac
of the calcified bone.

Osteocytes =
l'he_se are the small, flattened and round cells.
which are found embedded into the bone
lacunae. Their cytoplasmic processes run into
the canaliculi. which contact with others
forming the tight junctions. Their [unctions arc:
a. They help to maintain the bone as living
ussue ws they carry the metabolic activities.

b. Oslcocvtes maintain the exchange of
calcmm between the bone and the ECF.

Qsteocfasts
"'I"cse are the giant multinucleated cells present
in the lacunae of the bone matrix. They are

derived from the hematopoietic stem cells via

They are responsible lor the bone

monocyles.
ling. for

which the lysosomal enzymes are S¥ nthesized
and released by them.

The entire process of remadeling extends
for 100 days in the compacl bones wherceiis.
200 days in the trabecular bone.

ln a typml long bone there are three parts:
_ The dinphysis, the mid shafl.
2 The epiphysis. both the ends of the bone.
T'he metaphysis, area between the dia-
' phys:s and the epiphysis (spongy bonc).
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== Epibhysis
Metaphysis

Diaphysis , ;
Feriosteum | il
Compact :
Spongy

bk ﬁre

‘here is a canal in its centre, ster'uan
{'eanal, which contains the blood and lymph
%sstels and the nerve fibers, The canals com-

| i unicate with each other by transverse canals .
120 11dd as Volkmann's canal (Fig.2.12). Witlrin

i& Haversian system, there are small cavu. s

«::. Calléd as lacunae, inside which the osteocvzes .
trapped. The osteocyles send long pro- ,
i'-'cesscs cal]ed c':mlicuh to commumcatc W nh_ i

3

Fig. 2.11: Anterior view of humerus. -

" [t
; The bone is covered by a white Nbr
: _ connective tissuc layer called per:osteum andy

endosteum. The muscle, tendons are anachea

tothe periosteum. The headsof bone(cplphyms)“‘ |

are covered by ahyaline cartilage, which forni
synovial joint with the adjoining bone!. !

l.ongimdinnlly. bone has two lavers:

. I'he wnter compact bone and |- .
|
'? The iiier spougy bone.

The thickness of these two Iavclq var HiE

from bune to bone.

The epiphysis contains large an'munt

C e

In the diaphysis. the compact bone' 15-"
than the spongy bone layer. S

Compact Bone

s e

i 3
| ._:_i
]. ;

It is hard, dense and founs 80% of the Done1=1

A
bone marrow. The compact bone conslh_ls‘{ it
minute cylindrical structures called as 0steons’

of Haversian system formed by the éonccn’;
lavers of collagen. s a
& ;

ih b | S

an inner dense fibrous ‘membrane ualleﬂ I

spongy bone and a thin outer (.ompact 'b&l e

Haversmn
system
(osteon)

- Volkmann's '
canal .

‘ - |_amellae 3

containing anteries, veins
and lymphatic vessels

ongy Bone

_,“-15 also known as trabecular or c.nncc!fom
ne. forms 20% of the bone in the body. Tt is
ade up of bone spicules which are se paraed
5y spaces. [t contains the red bone marrow.

arrow Cavity

he compact bone has a large narrow cavity
lled the marrow cavity or medullary cavity,
.which contains yellow bone marrow. * . *

'&-'-'_;

4

eneral Properties ;

Iii -Inta fresh bone. its outer surface is pln]ush-
the body. Within it there is a cavnywalled asl

the medullary ezvity, wluch contains ynllu Vi

“whiteana when itis brokenits inner partappears
‘dark red colored: As compared to other tissues
ol the body, bones are hard witha mild clasticity.
_As campared to an adult bone, the boné ol a
“ahild is more elastic. This elastic property of
~the hones provides them their stress (weight)
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The Gell and Tissues 21

L capuelty ofabone I8 known s the b
L of the bone e, the longieding) edn

and femur 756 kg, ‘The bonay have o
property of remocdeling thrpughout
. dide. Moreover, they have o cons
Whagpeoperty 1oo Le,, when due to son

Lippearing [Tbulainereases in weight and
L. compensate for the tibia, '

Wiabody is 206 bones, '

o, pearing capaeity. The maximuip

- eapacity ol elaviele Is 192 kp, humerug

ttibia bone of the leg Is removed| i
' d

| 1_13.}11_1 hg

aEp!nt
Kslon
! "l[_ fye

(s Total number of bones in an ac ]'”'f iima
e i

\ W TRedal skelelon

il (8 palred and § unpalred)
eOssicles of bolh ecars
pwor jaw ~ mandible

wvtebral column:
Sy, Cervical: 7
I Thoracic: 12 ,
Lumbar: 5 i
al: 1 (5 fused bones)
cccyx: 1 (4 or 6 fused b,:i:nBJ

fernum
sbs (12 palrs)

wendicular skeleton (/7]

—
et

wer Limb (palred)

Wi Clarvicle R
ﬂ!f*?ihaper arm - humerus
et or arm — radius and ulna
carpal (8)
melacarpal (5)
- phalanges (14)
Emb (paired)

- femur

= T“_“'-—‘-.TN_—_L‘_.“-“T‘_'—:‘T‘T‘“——;‘T SHEES
e 00D :

-1- Y k| 1% E (5 '- -- ; : i
SRR A S R e

g‘,‘& - H}‘-'I
ol
of |

Fé;RﬂLAGE

The organization and functions of cartilage are
more or less similar to that of the bones bur
the cartilages have no inorganic salts. The
cartilage contains ehondrocytes found
embedded in a mutrix of collagen and proteo-
glycan (glycosaminoglycans - chondroitin-4-
sulphaie, chondroitin-6-sulphate and keratan
r‘ulphmc in variable proportions).
| The cartilages are of three types:
l. Hyaline cartilage: They contain walcr
. 75%, collagen 25-70% and glycosamino-
| plycans 14-40%. They are vascular but
| without lymnhatic and nerve fibers. They
are present at the articular ends of l!ﬂc Jong
bones. at the anterior end of the ribs, the
| external auditory mealus. furynx. trachea
' and the bronchial tree.
2. Fibrocartilage: They contain collagen
| fibers maximally with glycosaminoglycans
‘ t at the sites where great
. ibility and rigidity
" are required €.8., intervertebral discs. km.:e
' joint, mandibular joint and pubic symphysis.
;3. Elastic cartilage: They have elastin 20%.
|
|
|
|

2%. It is presen
tensile strength with flex

collagen 25%. glycosaminoglycans 14407
and water c.g.. external car. part of larynx.
epiglottis and eustachian tube.

JOINTS

A joint or articulation is formed where two or
morc bones meet one another. The function of
a joint is an important factor in determination
of its character and structures.

a. Ata joint where a litthe or no movement is
required, union is by the fibrous tissue and
hence the joint is called a fibrous joint.
They are of three types:

Suture joints e.g.. joints between the bones
of the cranium.

2. Gomphoses or peg and socket joint i.c..
insertion of a conical process into a sacket

oy oy P e i B e D S R e S R
b e N o M g W - g e N ST B S

v
e
5 %
e &
-7
=
A
-
3%
o
A

(¥ Scanned with OKEN Scanner



KR T

!g.. N
R

22 Short Textbook of Physiology

LT

Lok

o.0.. articulation of thz2 root of teeth with
the alveoli of mandible and maxillae.

L¥¥ )

interosseous ligament ¢.g,, tibio-fibular joint. . |
b. Atajoint where no movement is required,’

union is by the cartilage and hence is Lallcd It

as cartilaginous joint e.g..

. Primary cartilaginous joinl (tcn-pora
replaced by bones between epiphysis an
diaphysis ot long bones, hetwubn th
_occipital and sphenoid bones.
Sccondary cartilaginous jeint whcrc 111
bony ends are connected to each o:hel b
a flattened disc of fibrocartilage e. 1, publ
svmphysis, manubrium and body of" ste
num, ioints between the vertcbral bodlcs
c. Synovial joints: Al joints where a w1d
range of movement is necessary a cawty
bounded by a fibrous articular capsvle
between the bones is formed. The con
puous (kissing) bony surfaces-are ‘cov
with articular cart llal,e dnd are not at‘tached

{J

caps'-‘"’-'" has 1wo types l.fcells
]. T\ pl. A cdls ihat are of’ phabo‘:y”c -,-.'I: _

|

ronic acid.

The synovial Mluid is straw Luloled VISLO}.
fluid which resembles with plasma € «ceplith

it has a protein concentration 10-2 g!"' Al
the joints of long bones are the synubm _];5{ 1)

e.g.. shoulder joint. elbow joint.. wrist-jo 1o I
hip joint, knee joint and anklejoint. |

Syndesmosis is a joint in which the oppo- .
sed bony surfaces are connected by an: .,fjreg

ke

D el\lccn the corrcc.pundmb upper. and- luuer“ -
il feeth are prc.scnl in such a way, Ihdl lhen '

| iﬁ‘

‘My. Ma, My, Pms, Pm., C, la, s, h I‘- C.Pm,, Pm.. M. M,. M:

?knovln as mastication, The pow erful mubclu
7of {h jaw play a vital role to produce a 10r<;e

i 00 bounds and that between the molar wup

K

ind tcets present in teeth. specially in moldrs
,iliﬁd prt.molurs The projections and laedis

ipper and lowct set of teeth dnd asking the
}Jpessun to clinch the same. 1t will not b_e_ easy
_r'.tor you 1o remove the paper with ease).

'Dentition

uring their life time. ,
a.| Deciduous teeth: 20 in number. - .
MaMi,Cilali | b CiM My -

MaMChl | W CMGMy

. _Permancent teeth: In general there are 32
'It'eth dmdeti into f'our qll'ldlal'lt 34 ‘;AL!\
_quadldnt is cmnpof-cd of a’set-of 8 teeih

“ nainely - incisors (2). camm.{l) prcmohl
(2) and molar {.:] '

: z’

‘M. Mg, My Py, Pm, G I 1. lu,l,cpm.Pm..M M,M,

Types of movements at qynnvmll joi in

extension. flexion, abduction, adddt.non .I :
circumduction.

|
|
TEETH :

i L\:. food. _ R

s lderived from the mesoder

—

eannﬂ, :md prcmn!am and mnlal's for urmdm“

evelopment

ke skin. teeth are developed from ectoderm
and mesoderm both. Its enamel part is derived
from the cetoderm and restof other pavts are

CThe Tormation o

L S
|I'naslicanon pressure to feeth, The occlu:.we 2
ure between the incisors is about 50 10" )

150 to 200 pounds. This much oc:clmwc . =
{-f‘mc is possible because of the pmjecuons o

The human beings develop two sets of tecth

The incisors are for culnnﬂ' C'\nme for =
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t;::nrsetl:r:lﬁif ;}:f:’r]gkith ‘Tee D!“ﬁ " hard layer of the enamel, while covering the

_ caliad priiary dem‘?f;rlf i&fllﬂf der!linco!'thcroor is:lrl.ﬁn laycr, the cementum

ﬁ;’face s rvaEited, v s il ‘f Is which resembles bone in structurc, Atthe apes

m called. as'the dental paﬁnqlao‘gl:: i o e i i

organ bccomeq ey hLe e Fd .} | C!.:J:ne.:m,nn and dentinc, through which the blood
0 or. w,rsz;e.s and the nerves pass into the pulp.

; m S j Crow}: e oo Enamel
e same:time a sohd;cctodennafl‘_ dii i J!
to the mesoderm.. This bud isfithe. |
yrgan of the permanent tooth | Neck
by a mesodermal dental prII‘l £ \ Q& | _ Pulp
manner as described with d crd ' }L\ﬂ
lr.’
1 Dertne
! ( ﬁ
| Root i
)

/ ___ Cementum

I 4
|

| *Fig. 2.13: Functional parts of 3 tooth.

Miratabblism

The dentine is deposited and nourished by the
.odlontobhsls which line its inner surlace
'1]0!‘!!{ the wall of the pulp cavity. The calcium
.salts in dentine make it extremely resistant to
‘compressional forces. the collagen fibers make
it tough and resistant 10-tensional forces that
‘might result w hen the teeth strike against a

Rolld substance.

| The rate of development and eruption of
teuh is accelerated by thyroid and growth
narmones. The deposition of salts is alfected
by vitamin D and parathyroid hormones.

ﬁm&h consists of three parts:

S roWn. prou.clmy, beyond th Lun_
t, embeddcd in the dI\' olu

gihe centre of all these parts ofﬁhe,to?th | The salts of tecth are same to that of the

substance called the pulp. Or.tmd', ¢ :-_bq'ncs. They are composed of hydroxyapatite
2 yellow whitc laycr known as entinc.  with carbonatcand other cationssoas to produce
the bu!k of tﬁe tooth, Cov lm"g hc ‘a hard crystalline substance, New salts are
cqnsl_antly being deposited and old salts gel
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rusbisoried, This deposition and renbitrption
pitsistake place mainly in the dentine and he
cementum (least in ensmal), This exchiange of
walts takes place #ith the pulp eavity whit in
eriame) it is betorea the enmmel and the safiv

f1oly of Fluering

In childhond, where the teeth are in process
uf developinent, Nluorine ions replace ttany of
the hiydrozyl ions in the hydsoryapatite Srystals
that mikes the enamel less soluble, It ds also
toic 10 Gral bacteria, When o zmatl pit develom
ina tooth, it hias property to help the toath in
healing by promoting the deposition of eftcium
solts in the pit, )

Dental Caries R

The word caries is referred 1o erdsion of footh. L

that eccurs due 10 action ‘of bacterid. =™ -

Strepitecocous mutans. in the proerssof casies .

development. a plague of precipiizey products ¢ . \ b
.

af salive and food is deposited o nncurface

af the tonth The baciaria beu:omc.inh::hfmm )

of the plaque living mainly on the avaifability,
of carbohydrates. Because of ‘bacterial
metabolism the bacieria release acids (lactic
2cid) and the protealytic enzymes, rhc slowly
developing high acidic mediom stats dissdiving:
the tooth salts while the gest of harm is done
by the proteolytic enzyime,

‘ A,
r} 2 p‘r e &
[}
physiclogy of heart,

lung, blood vessels, GIT. spinal nerves. muscul
hunger. He is crowned as “The Father of Physiology"

é
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1 Erasistratus (300.260 BC) poimlated anatomy and

ar contractions and

) y
N\ it
p

L

L

-
.

.

— i ]
. c————

- ———— — e — aaw -

Evangae T § g ot P
R <. . A

(¥ Scanned with OKEN Scanner




