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Every living cell, whether it exists alone as a si‘r;gle—celled organism t
component of a multicellular one, must perform its own metabolic activities: Itmust
synthesize its own ATP by cellular respiration. It follows, then, that every cell I
obtain the necessary raw materials to support its metabolism. Obviously: temS
;r;echamsm is needed for transporting substances between the speciﬂuml o

of procurement, synthesis or elimination and the individual living cells 7%
the body.
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sms, the more intetr}:fallarge and structurally more complex multi ]
al environmental medj Ce‘lls are far from the body surface S the
B o waste exnul um. In these organisms nutrient promrement, gas
alized for thosexp}unscigzr:k eo%lsf:uui certain restricted regions of the body A

: rting ! sly, some mechanism is needed for

I € ‘ ati SUbStance§ be.tv.veen the specialized system of procurement, :;gm |
on and the individual living cells throughout the body. i

[¥®] TRANSPORT IN PLANTS

Materials to be transported in plants:
- Plants are in contact with both soil and atmosphere. Various materials from
atmosphere and soil are transported in and out of plant body. At the same time

) materials are transported through out the plant.

on three levels; i) Water, gases and solutes move

ii) loading of food from photosynthetic cells into
iii) conduction of water with dissolved

through xylem and phloem, respectively

"~ Transport in plants occurs
n and out across cell membrane,
eve tubes (short distance transport);
Is and food along the whole plant

transport).

" ORT OF WATER AND MINERALS
N e ¢ water and minerals for plants. They are taken up by
ol el.soucumegs;om ivolved in uptake of these minerals. HHesE &te
litated diffusion, osmosis, fmbIbIEoR and acitve (SRSt
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1C dlﬁ'erentlally permeable, certain molecules move freely wh
sis resisted. Small, non-polar molecules such as gases like CO,

molecules move freely across the cell membrane. Their mo
 the concentration on either sides equalizes.

proteins and carrier proteins. The shape of
1ch that it forms a water filled pore in the membrane.

FACILITATED DIFFUSION 'ACTIVE TRANSPORT

S







wer concentration to higher concent
oteins embedded in cell membrane. Th
cell's metabolic energy-ATP and is ca
S g out active transport are characteri
| ndrla high rate of respiration and high concentrz

em loading is an active translocation process. In source cell
concentration of the sieve elements and companions cells
than that of mesophyll cells. It means that the sucrose is
”.t its chemical potential gradient, which requires metabolic

e
.wansport is of utmost importance because it enables the cell to

nts from outside and wastes to be expelled against the concentration
own in figure 14.1.
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tion. Substances such as starch, gum, protoplasm, cellulose
 great affinity for water and are called hydrophilic. Living and
are hydrophilic colloids as they possess large amount of

' t_ential swell upwhen placed in water. Wrapping up of m_-.‘
ainy season is another example of imbibition.

! -' lastm the atmosphere and is taken\ ;
' occur by dll'usion. osmasis. bulk
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- Water potentia];
T e chemical

K in plant physiology. Theref; logis |
edoafx‘;xvoat&tle‘r palram;:ter called water potential as m:gi'ffggtcghbetweenysm ' tlteh;::
oy molecules in pure water and energy of waterinan ' '

2 : other system (e.g.
r in solution or in cell sap of plant). Now, the free energy ofzvater is

ssure unit such as megapascals and symbolised by Greek letter [MPa;
Pa=9.87 atmosphere]. > s ‘

Pure water has been assigned the value of water potential 0 MPa. Addition of
ite particles lowers the mole fraction (number of mole of substance divided by
1 number of all substances in the system/solution) of water. Hence, there is a
ease in water potential. Therefore, values of water potential remains less than

zero or in negative value.

essure:
Oumotio ottt
the two are separated by 2 semipermeable memisra?::easme of the tendenicy
e Therefore, the osmotic pressureof asolutlon ?:an say that the osmotic
. b ; osmosis into it. In other words wii to prevent the passage
ter to move by tmtm\,xstbeC""ertedonasolu on fed.bya' .
ure is the pressurehenthcsolventandsolutionare epara differtm i e

it prevents







call
f?il llllclplent Plasmolysis. 1, _
wall, plasmolysis is achieveq + When protoplasm

molysisisknowr;asdeplasmow
‘_f'wATl?jRo ANfD MINERALS UPTAKE BY ROOT
:gvidgdob water and mineral salts takes place through root system.
- : Yy enormous number of tiny root hairs which are out;-cys;wths
| ermal cc; s and found at the root tips. The root hairs greatly increase the
rfac area of root. Because of large root surface area plants absorb enough
antities of water and inorganic ions for their survival and growth.

" Root hairs possess sticky walls and adhere tightly to soil particles which are

: lly coated with water and dissolved minerals salts. Most of the absorption takes
rmis is permeable to water and root hairs. From

airs and epidermal cells water flows through cortex endodermis, pericycle and
srs xylem. Since transport of water takes place in radial direction itis also termed

: eral transport.
are available for water

~ Three pathways
f one cell across the cell wall, cell membrane vacuole and

o cell. Water ente
lential. It flows out 0
- ch may again pass the substance along the next cell in

ters the adjacent cell whi

pathway. This is known a3 cellular path way.
The second pathway 1S symplast. Through
plas ical cells remain conne

. connections through po
e & plasmlc connections p

water a:xd solutes known as symplastic pathway
g of plasma membrane at root hair.
 oathway is apoplast The cell walls of epide

to enter xylem. The first route is from

rs the root hair or epidermal cell down a gradient of water

the pores in the cell walls,

cted with cytoplasm of adjoining cortical

res are known as plasmodesmata
rovide another pathway for
7
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n of ascent of sap: o
ed mineral salts present in xylem (sap), f ow
5meters per hour. Xylem sap ascends against
t the help of any mechanical pump. The rise of

from below or a pull from above. Sevral theories

_ to ascent of sap in tall trees against the force of gr

ems to offer a complete explanation due to objections. A

seem to explain the mechanisim of ascent of sap by

ntribution of the two possible mechanisms. 1

)  Adehesion - cohesion theory.

ish from below— Root pressure theory: :
stem of well watered potted plant is cut a little above the soil,

e?vst by the roots of a plant at times when transpiration from > aves:

=8

ss blades and leaf margins of small
Tade herbaceous
of transpiration is very low, the root pressur
¢ rewater enters leaves than is transpired. The
tin the ferm of liquid (droplets) through oper







iration (Stomatal):
r in vapour form takes place throug
only the mechanism of stomatal tran

type of transpiration. These are: i)
roots is conducted to aerial parts (leaws

+#

Cytosol and vacuole
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- rom the osmotic chan'gescausewatéﬂumave&ins yrout
move in, the cells expand (become turgid); if water moves :
are flacoi do ‘Buard cells are turgid, the stomata are open, when the
St ks 'Ia e stomata are closed. To affect this movement of water, an
et Place between the guard cells and the surrounding mesophyll

Cllllg

;h %rie are two main factors which greatly influence the opening ad closing of
Ata. These are light and concentration of K* ions.

Light: Generally, the stomata of a leaf are open when exposed to light and
in opened under continuous light. When darkness returns, the stomata are
d. In the presence of light, chlorophyll containing guard cells synthesize sugars
ich in turn increase the osmotic potential of guard cell. The increase results in
dosmosis and ultimately to turgidity. While in dark these guards cells consume
bohydrate or these carbohydrate translated to neighbouring cell which decrease

osmotic potential in guard cells. This decrease result in exosmosis which
ultimately leads to flaccid state.

f .
" Concentrating of K' ion: Evidences indicate that the turgidity of guard cells

" of many species of plants is regulated by K* ion concentration.

During day time guard cells actively transport K* ion from neighbouring cells,
Accumulation of K* ions lowers the water potential of guard cells, This causesin flow
rater by osmsis from epidermal cells. When they lose K* ions water potential
eases. Water flows out of guard cell causing them to become flaccid which result

14.6.4 Factors affecting transpiration:

a - i) Light: Plants transpire more rapidly when exposed to light than in
This is because light stimulates the opening of stomata. In bright sunshine

ta are wide open causing rapid diffusion of water vapours from air space of

‘ver to outside. Light also speeds up transpiration by warming the leaf.

: peutnre Plants transpire more rapidly at higher temperature
" Mpéramre. on one hand increases kinetic energy of water
ts in rapid evaporation of water and decreases relative







.~ ©PS are involved in the movement of photosynt
: hm the cytosol of mesophyll cells. This sucrose is translocated
B e to the vicinity of the sieve elements in the smallest veins
- Thisi generally termed as the short distance transport pathway because
‘cover only a distance of two or three cell diameters. The sucrose is then
/ transported into sieve elements in a step commonly called phloem

-

The sucrose in sieve elements is exported away from source tissues. The
similates can be moved a long distance hence this is termed as long-

> transport. Finally, the photoassimilate or sucrose is unloaded at the sink
ocess referred to as phloem unloading.

driving force for this translocation of photosynthates is believed to be
Dby the processes of phloem loading and unloading. Therefore, this source
ovement has great agricultural importance, because the productivity of
| potentially be increased by increasing the accumulation of
edible sink tissues like cereal grains. -,

» ”N

of Phloem Translocation: 5 -;.3 A3

nly explained by a theory called tk
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.;.l.‘—‘!f ‘a garden hose.

- Water movement in the translocation pathway is therefore driven by the
ssure gradient rather than

SS the water potential gradient. The passive, pressure
enlong distance translocation in the sieve tube ultimately depends on the active
rt-distance transport mechanism involved in

phloem loading and unloading.
ctive mechanisms are responsible for se

tting up the pressure gradient in the
it place.
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 TRANSPORT IN ANIMALS
~ Like plants, animals also have efficient means of transportation which are

cording to their complexity. In unicellular organisms, such as Amoeba an;lil
-ame . food is taken in by direct and simple mechanism. Oxygen diﬁ-'\mm
pugh the body surface. The digested nutrients and the diff(\;setg oxygen >
nspc rted within the body by diffusion and cyclosis. The CO, an ?mi:rts‘
es are also removed by simple diffusion through body surface. possible

se. the distances between the external and internal environmen‘:y and wmm
mal environment are much smaller and are easuymsizeand diffusion. .
- multjcellulér large sized animals due toincrease complexity

of mass flow.
other means are adopted for transportation, involving some kind .




le branched intestine. mesebﬂmhum -
dy. The digested food is pumped into the branches by
ve tube. So that the nutrients reach directly to the cells

ckculatory system for the transportation of digested food and
Hamr. one special transport system is present to dispose off
' of water along with nitrogenous waste (Protonephridia).

by Special Circulatory System:

development of a body cavity (coelom), the distances are increased
: al and internal environments. The coelom separates the body wall
organs and confers the advantage of independence of movementofthe

med to be moved efficiently over long distances within the body by some
o't t metabolic processes may be maintained and toxic materials may be
lhe body. This generally takes the form of a mass flow system or

Cll]

DRY SYSTEM

of a circulatory system is to provide rapid mass flow of materials
af the body to the other place, covering sufficient distances which

emmed by diffusion. On reaching their destination the materials
s through the walls of the circulatory system into the organs and
e W ;‘ mamrlals produced must be able to enter the circulatory system.

ristics of a circulatory system:
_‘ tics vof circulatory system are as follows: 54
s a ci tory fluid, the blood.

: me byacontractﬂedevicearoundmmm
hlof)dvesseloraheart
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. e blOOd circulate?\:iysm i 4 W

it is driven back into the h

eart. Distribution of blood to the tissues

ws within the sinuses and comes in direct
ct with the body tissues, the system is known as open type circulatory

m. Because the blood is in large spaces and the heart is weakly muscular,

orly controlled. Since the blood flo

¢

lood pressure can never be very high. This limits the efficiency Ofet::h:;l";
tem, that is why itis not found in large animals. In insects, gaseoustem is not
s place through the tracheal system, so that the circulau:f}' ?r'xst. However,
ke ansportion of gases and lacks any respiratory pigm:

play an important role in distributing food substances and eliminating
rogenous waste.




elom is greatly reduced.

is no difference between the
Htial fluid and the blood.

# ’it is poorly controlled.

| A single dorsal vessel runs mid
dorsally from head to the posterior

meblooddoesnatmm
wtththeﬂuua. % M !

The coelom is large,

The interstitial fluid is separated
from the blood. \

Fairly controlled and is adj 5. 5K

One dorsal vessel runs above the|
alimentary canal and one ventml"
vessel below the alimentary canal|
from anterior to the posterior end.

Forward in dorsal vessel and|
backward in ventral vessel.

Modified circular vessels connecting
the dorsal and ventral vessel in 7"‘¢ ,:

9%, 12, 13* segment.

Present.
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2 tIilce: into the cells. At the same tir barrier
ssue fluid and then into the capillaries

The open t]'pe
= er systemand ©
closed type (©) Generaticirenimtion st
llatory system can ] K__s'm:: ’ (7
tood well by \-——— Epibranchial artery /
ning the ————— Efferent branchial artery :
rt System in Afferent branchial artery
kroach and ;
hworm, through a VoA e )
tive chart. 1O lT
(™
2Single Dorsal aorta | Liver ==
iit plan as in (s Anterial circulation : 1t
p

< V‘l'heheartofﬂsh P
NO chambered,
g of an atrium
ventricle. Blood
3 the body
tion enters the
yrough a thin
ens into 2

o




nward upto the mammals, the circulatory system ‘
separa‘te pulmonary and systemic circulation. Inamphmg:
eart consists of three chambers, two atria and one ventricle. The
m the lungs is returned to the left atrium throu@ the
S, whereas the deoxygenated blood from the body is passed to the
w sinus venosus by the anterior and posterior vena cava, These two
ood remain separated due to atrial septum in between the right and left
mixed to some extent within the ventricle. Since the oxygenated and
d blood are mixed, the circulation is known as incomplete double

= [THea
crocodile (Reptilian) the ventricle is (®) Ge;‘:m:';f;ﬁ'g;:‘:’m" forelims
ompletely divided and the heart is four 7 == \
| 7 Heart \
- . Lungs ;
Oxygenatedblood _ —» an ‘ A
am Deoxygenated - -»
£y blood — =
3 T
Liver !
: 2 chambered, two atria Pulmonary vein
andonovomrlclo | Anteriorvenacava | |} @_U:}‘;‘O
oli b Posterior vena cava
: 7 TR |
.,.;,_'2,_, , Sinus venosus
o _!'-:-._ \ VA il
R S e

e ledn




- Pulmonary artery ——- -—-—"

hence, need more OWgenmmxeasemgm”

. Left systemic arch,

Right systemic arch, Pulmonary arch
blood to body : to lungs

temic arch disapears Right systemic arch disapears

: S

/

/’\L . } — Leftatrium




tnry system, with blood as the transportin
evelopment in man. It consists of a powerful

a viscous, red fluid connective tissue, comprlsing E
‘blood corpuscles float.

s about 55% of the blood. It is a viscous fluid ¢
salts in true solution form and blood prote
gen) in colloidal form. In addition, plasma con

erides, urea, hormones, enzymes and auto-toxins. Tt
-omponent and forms 90% of plasma. The disso

e are the blood cells which form t.he 2mair

ocytes) are biconcave, non-nucle:
er is 7-8 p. Theycontalna ;
. bound protein and has an 2













y of the left ventricle is narrower than the right ventricle bee
~walls. It is due to the fact that the right ventricle has to pum
pulmonary circulation) while the left ventricle pumps!
temic circulation). 1

nuscles contract rhythmically without external stimulatic n.
thythmical contractions arise from within the muscle tis

ontraction, the next will not start till the whole has re :
etweer L two contractions. This property enables proper

of even s which take place during the completi "
cycle. The resting period of the heart chamb IS
luring they contract is known as

es deoxygenated blood from the v

.\x-x‘_,.u..nl‘..;... R b
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:14.13 Sequence of heart actions involved in one complete heartbeat - the cardiac cycle.
1.11.3 Heart Beats: =
b The contractions of the heart chambers are known as heart beats which
e rhythmically and regular. A human normal heart beats 72 times per minute
L rest. These beats are audible and are known as heart sounds. -

"~ During the ventricular systole blood is forced against the c

V-valves. This produces the first heart sound LUB. Ventricular systole is followed

bv ventricular diastole. The high pressure developed in the aortae, tends to force

sme blood back towards the ventricles which closes the aortae valves. This impact
he back flow against the valves causes the second heart sound DUP.

ventricular systole is LUB and the ventricular diastole is Dw;’m .-

——
1110 y
=y LParms -

eart beat consists of one systole and one diastole and lasts for a

defect in one or more of the valves causes a condition known
‘which may be detectable as a hissing sound.
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7:- e Itisimplanted beneath t e
ng properly or when there is




B pressure. Thelrlumenissmallan | does not
o ‘e flows rapidly with jerks in pulsations indica :
eirca smaller arteries are known as arterioles. They contﬁiﬁ.
= pillary ends which regulate the flow of blood into the capillaries.

: m_ the c'of’ ;(;ntract » blood is prevented from flowing through the capmary
Bts the ntraction of smooth muscle layer in the wall of the arteric

S the arteriole decreasing blood flow through it to a capillary bed. The
> carry oxygenated blood except the pulmonary arteries which carry
genated blood into the lungs for oxygenation. The arteries are deep seated and
. collapse when empty. -

Tunica ext f Tunjca iire o
o CAPILLARY VEIN collagen fibres

collagen fibres
Lumen
Endothelial cell
Tunica media of smooth
Tunica media of smooth Tunicaintma  muscle and elastic fibres
muwlo and elastic fibres

in structure and function of an artery, capﬂlary and veir

'~'edbloodvgssels Theyarealsocomposedofthe
p@sses,s less muscles and less elaeﬂc




(b) Sphincters contracted
Ng.14.16 Blood flow in capillary beds







Tonsil Blood
5 Lymph nodes capillan

i

Thoracic duct,
éntering vein

Thymus

Spleen

Masses of lymphocytes
and macrophages

‘ W Lymphatic
: vessel

bathed in a watery fluid derived from the bloo
1id is formed when blood passes through thec:
able to all components of blood except th



outer

4.13.2 Functions of Lymphatic system:

. € System: Lymphatic vessels act a
B s drainage channels for water and
: gg:it;i:skﬂ:oat have leaked away from blood at capillary bed and that must
D€ A c blood circulation, without which death can occur in 24 hours,

Defence of the body: Microorganisms, foreign cells, cellular debris in the

Iym : h are removed by macrophages residing in the lymph nodes. These are also the
site for differentiation of the B cells into antibody secreting cells.

Absorption and delivery of fats: Lymph capillaries called lacteals penetrate
‘the villi of the small intestine where fats are absorbed and delivered to the blood
circulatory system.
14.13.3 Edema:

5 Whenever, the tissue fluid accumulates, rather than being drained into the
blood by the lymphatic system, tissues and body cavities become swollen. This
condition is known as edema. Any factor that increases the tissue fluid pressure high
ough than normal value can cause excess tissue fluid volume causing edema like

igh blood pressure, kidney failure, heart failure etc.

1

fiscs of Edema: ' in deficiency. When

- fedema is severe dietary prote cy

- ‘One pithe cﬁ?otrﬁ:ﬁ'zonsumes its own blood proteins. This reduces the
R aminc th' blood causing tissuc fluid to accumulate in body tissues

jpotic potential e back into the capillaries, resulting in edema.

more and
A hatic obstruction which result‘m”re
Another causeof et e YLl i, pence, the ncreasedvolume The
"OLELL 0 ‘ V b : n‘s | [ . 3 BN
hoo . caus d of m sj:“ -
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rtunately atherosclerosis produces no symptoms untﬂi: e
ies is severe enough to restrict blood flow. Restriction

> he ,_*-mnscles due to atherosclerosis can cause angml

i or jaws usually during exercise or stress).

hhmw ries

ﬁlue. umps of blood plateleuandm

e ...(\_-
0.1mm

Fig.14.20 Atherosclerosis

es become extremely hard and the disease is called arteriosclerosis
g of the arteries.

: The possible causes of atherosclerosis are smoking, hypertension,
Mty physical inactivity, a high serum cholesterol level, severe
mily history of arterial disease and possibly an anxious or aggludve
2 risk of atherosclerosis increases with age.
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. . ack of oxygen and nutrient, the function of
§ gft grgan is 1rnpa.1red. Thrombus of the coronary artery or carotid arteryoltrt:;
se the death of the victim due to heart attack (myocardial infarction) and stmke.

b If a clot dislodges and travels in the blood stream, it is termed as embolus. ft‘
carn \uqbstruct any small artery such as coronary artery, the outcome mayrangesfmm
agina to heart attack. :

4.14.4 Coronary Thrombosis:

4 [' Narrowing or blockage of one of the coronary arteries (which supply blood
to the heart muscle) by a thrombus is called coronary thrombosis. This causes a
jon of the heart muscles to die because it has been deprived of oxygen. Itis one

e main processes involved in coronary heart disease. Sudden blockage of a
yronary artery can cause acute myocardial infarction. . .
B : bk ttack: :
.14. dial infarction Heart a v i
s Myocar heart muscles characterized in most cases

-1t 1 . death of the partof 10st cases
E It refers to the dea pam,l')rhjs is commonly known as heart attack. Dueto -

vere continuous chest ‘ 5 ool
S . coronary .arteryeiﬂlerbyvthrombusor-emholl us, t
3 afy Ofth.e - Jes stops. The area of heart muscle which &

LT )
JUIC
i

sustain cardiac muscle

[ myoca!
A .



‘always exposed to the invasion of cou
' s, bacteria, etc. However, due to t
- animals, such invasions in num '
D0 ‘to resist microorganisms, the




s T
I some how micro-organis : , Ty e
. ms are able to penetrate the outer layer of
R mucous membrane, they encounter a second line of defense W :
ate immune system. It is also non-specific in nature and comy
igocytes, antimicrobial proteins, and inflammatory response.

~ Phagocytes are certain type of W.B.C. which can ingest, internalize a
stroy the particles including infectious agents. The short-lived phagoc ytic ]

_* neutrophils (polymorphonuclear neutrophils) ingest bacteria very act

e other phagocytic cell, the monocyte can developintolarge, long-lived macrophage

g-eaters) when they reside in various tissues of the body. Macrophagg:s-.;no;, only

strov individual microorganisms butalso playacrucialroleinthefurthexfm une

I e by “presenting” parts of the that micro-organisms to other cells B
ne system. For this reason they are termed as antigen presenting cel

| .C., the natural killer cells (NK cells) destroy ;
- Another 8’0‘;&:%3%@@50 attack abnormal cells (cancerous ¢¢ &
,_:'_._e thctargetcells-msw‘d'meybmdmmm Arge 1
donot phagocytize B L o which eventually cause




blooded animals, a number of micro-organism
atory response to infect some large part of th
y certain W.B.Cs. that release substance calle
ure of the body higher than the normal. Very h:
derate fever contributes to the defense of the body. It inhibj
icro-organism, facilitates phagocytosis, increases the prode
ay speed up repair of the damaged tissue.

 Immune System: A
immune system is extremely complex. It produces
pnse against a range of different invading organisms, toe:
ies and tumor cells. This is the third line of defense whicp 0
aeously with the second line of non-specific defense.

% ¢ F. l
stemcells 6 . Myeloid stem cells

B ol

o -l Pluripotent stem cells













of plants because it makes up
&! Hk prgcesses essential for life ocey

(ngl,:

antitative expression of the free energy-

e is the pressure that must be exerted onaso
.olmt molecules into when the solvent and s

fferentially permeable membrane.

he withdrawn of protoplasm from cell-wall due to exosm
d condition due to endosmosis is called deplas

11 A0), !

e pathway is the transport of water and sol

L

' pathway is the transport of water and solutes
pathway.

it of water from root to leaves against the dov
1 as ascent of sap. The movement takes place t

ure 'll thought to be responsible for ascent of s

J

pu ;fm}*enhealon forces are responsible for ascen

e - f°fvﬂp°urs through aenalpam
ﬂmmghstomata cuticle or le

humid dity and soil water are son
















