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In this chepte: 'our 'méiri_facas would be to study different processes involved in the
transhory of auriests into the cells and removal of the wastes out of the cells. We would

L also sty essentially in plants and animals, the elaborate mechanism involved not only
for the movement of individual molecules but also their mass transport within bodies.
The processes involved for getting materials into and out of the cells are diffusion,
facilitated diffusion, osmosis, active transport, endocytosis, exocytosis etc.

o In animals, the materials move into, within and out of the body in respiratory, circulatory,
digestive and excretory systems.
o In plants the processes of respiration transportation, photosynthesis, and absorption by

roots, conduction of water, and the nutrients are involved in movement of the materials

into, within and out of the body.
14.2 NEED FOR TRANSPORT OF MATERIALS

The living organism is a complex of interactions of physical and chemical reactions
involving different elements and molecules.

o All living cells or living organism must obtain and transport certain materials within the
body and also transport and remove the wastes out of their bodies or cells.
o If there were no transport systems, most of the cells of the body of a complex

multicellular organism, would not be able to get the required materials and dispose of
their wastes,

o There are no mass flow systems in unicellular organisms and lower multicellular
organismes.

14.3 TRANSPORT IN PLANTS
14.3.1 Uptake and Transport of Minerals and Water A lant less th
The roots of a plant not only anchor the plant body in the fye piant 1ess than
soil, but also absorb minerals and water from the soil. There | "¢ meter tall has some
are three types of nutrients needed by the plants, carbon | 14 million branch rootq |
dioxide, water and minerals besides light to carry out | Of A jeombied fen !
|

photosynthesis. To get these materials, reats must_provide ™ 0% Over B30 kn‘vmet“
large surface area for absorptioi;jwhicl 13 a *hieved hyi e

extensive branching. The ropts_hezi-a dence Slusterr of ity | It as, been estimated
hair like sTructures Whlf‘h a e =>\te.1510n' (o} emcfermal calisof | thaiout of total surface

roots. [ | - - area provided by roots,
These @re| the, fodt thalire, w! high arein fact the sites where | 67% is provided by the
most,of the iiptake'of watzs'and minerals takes place. root hairs.

_ [ Pjants are 2bie to synthesize all their required compounds,
J | wlitithe help of the minerals and H20 from soil, CO2 from
air, and light energy. Most of the minerals enter the root
hairs or epidermal cells of roots along with water in bulk
flow, but some are taken in by diffusion, facilitated
diffusion, or active transport.

Prosopis trees of
leguminoseae family have
maximum depth of their
roots, which is 50 metres.
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14.3.2 Mineral Absorption by Roots

14.3.3 Process=s | nvnivedin Abso! ‘prien i-Roots

The minerals available to plants for absorption are
dissolved in the soil water.

Their concentration vary according to the fertility and
the acidity of the soil, besides other 'actors '

When the soil minerals &re’ not ir=solution bt are,
bound by icnic bonds to ¢ 0| Py t|C|tS. they cr= I.ur
availabie to ;.Ianm '

The uptake dfiminerals by tcsi cells is a combination
grrassive yptake ana dctive uptake, involving the use
| n,' arierty-in the form of ATP.

The passwe uptake involves diffusion. The minerals they
also move down their concentration gradient through
plasmodesmata (symplast pathway) to cells of cortex,
endodermis, pericycle and then to sap in xylem cells.

From here they are pulled up by transpiration pull to
different parts of plant, The diffusion of ions along

|\ ansorprion
i \ronte_id
{ o1 the rates of absorption of

When inorganic or organic
fertilizer is applica-to soil-the
minerals-.ar2 asorved, prmarl‘v
as..inargaric |igns: TTHe sate-of
oF tack” ineral by
essantially independent

water and of the other minerals.
Each mineral moves into roots at a
rate determined by such factors
as its concentration both inside
and outside the root, the ease
with which it can passively
penetrate cell membrane, and
extent to which carrier molecules
and active absorption are
involved.

|
l .' L1
1

with water also takes place by mass flow along the apoplast pathway. lons moving in

the apoplast can only reach the endodermis, where casparian strips prevent further

progress.

To cross the endodermis, ions must pass by diffusion or active transport into endodermis
cells, entering their cytoplasm, and possibly their vacuoles. The ions then reach the xylem

cells.

Diffusion of ions can also take the vacuolar pathway where the ions move along their
concentration gradient through the cell membranes, cytoplasm, and tonoplast (the

membrane of vacuoles), and reach the dead xylem cells.

Most of ions are taken up by the roots by the process of active transport.
By this method plants can take a mineral that is in higher concentration inside the root

cells than in the soil solution.

In this process molecules and ions move from their low concentration to their higher
concentration (i.e. against the concentration gradient), through cell membrane, by the use

of energy in the form of ATP.

Active transport is selective and is dependent on respiration. Some ions move by passive

as well as by active transport.

Soil water Ajr Epidermis

Root hair Plasmodesmata  Casparian strip

Cortex Endodermis Vascular cylinder
B b mcadiy

Pericycle

Fig.14.1 Mineral and water uptake by roots The Casparian strip separates the extracellular space in the root
into two compartments: an outer compartment that is continuous with the soil water, and an inner
compartment that is continuous with the inside of the conducting cells of the xylem. The black lines show a
pathway for both water and minerals; the blue line is an alternative pathway for water alone.
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. s::m nutrierts : exchange increase the plant's mineral
'F_lmomp!es include:

Symbiotic Relationship helps Mycorrhizae help in uptake of minerals
plants acquire nutrients. The fungal associations with-sats of.-
One of the important nutrient higher plants, help mineral ujtake by thi

paant. The fusgi facititatal the upiak &
phogpiicrus ‘and’ tiaca metals_suci as
zinc \enc copmr A 1oo! infected with

Na is almost always in short supply
both in rock particles and irithe scil

WRLSTE W mycorthizal ! fangis éan transport
Most pilaits liave evoived berificial pricernate at a higher rate than that of an
relationsiio, with{"atrer, ¢rganismz--| uninfected root. Mycorrhizal fungi get

that _help ‘e \plants qcnire™these sugar, and shelter from the plant and in

nutrient uptake efficiency. Mycorrhizae
are present in 90% families of flowering

Mycorrhizae and nitrogen fixing | | 77 G

bacteria in root modules of legumes.

Some nutrients are carried from the soil to the epidermal cells of roots through their cell
membrane by facilitated diffusion.

In this type of diffusion, carrier molecules within the cell membrane transport nutrients
across the membrane.

These carrier molecules are proteins which are present within cell membrane of
epidermal and other root cells.

14.3.4 Uptake of Water by Roots

. | H O AL mh

Normally, the movement of water molecules from a region of their higher concentration to a
region of their low concentration through a partially permeable membrane is called osmosis.

If water moves by osmosis into a cell the process is called endosmosis, and if the water
moves out of the cell it is called exosmosis.

The cell wall of epidermal cells of roots is freely permeable to water and other minerals.
The cell membrane, however, is differentially partially permeable to some substances in the
solution.

The water which enters the epidermal cells moves along the concentration gradient and
passes through cortex, endodermis, pericycle and ultimately to xylem cells.

Plllferous layer or
Epldermis Endod«.rm.u

Cell wall P R— —f
Cytoplasm ’ e
Vacuole ~ o Pericycle
Roothalr  irewster pr ’ Xylcm vessols r =3
[ \ J l ) ! = k "._.
WA (11 1 / J—\.\ ‘ -
® - (i 7 iy w.,.w« ‘g
Y B LG )
! __.' "."}f - / - h" \“"\_C sp;. ia- n'r.,-
Sofl p:ﬂu lc ¢ AN |
) : _Y.' eSS —p Apolast pathway
\ Interruplod af or

AW
0 m ﬂh patel / - Jodrmig
% |t[ahtly Doubaito | L

- Symplast pathway
| ="> Vacuolar pathway

Fig. 14.2 Diagrammatic representation of water and ion movement across a root showing transverse
section. The apoplast pathway is of greatest importance for both water and solutes. The symplast pathway
is less important, except for salts in the region of the endodermis. Movement along the vacuolar pathway is
negligible.

Following are the paths taken by water to reach the xylem tissue:
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14.3.4 (a) The apoplast pathway

o It is the pathway involving system of adjacent cell walls which is contlr\,ws throughgut:
the plant roots. \
o In the roots apoplast pathway becomes @iicontinugus in trP en chd*rrn'o Jne w6 the

presence of casparian strins.
14.3.4 (b) the Symplast Pathway
It is the-system of intercunriected protoclaste’in h“ [0 ceIIs

o The cyieplasi, of\neigabaurirg., cells- (Frotoplasts) is connected with one another by
Plasmodesirate, ywhich aie sviogiasmic strands that extend through pores in adjacent cell walls.
o i Iniike celizior rsot the cell membrane and cytoplasm (and plasmodesmata) can be

\legalded as actlng together as one partially permeable membrane.
1.2.4 (c) The vacuolar pathway
In this pathway water moves from vacuole to vacuole through neighbouring cells
crossing the symplast and apoplast in the process and moving through cell membranes by
0SMoOSISs.

. Water moves passively down a concentration gradient.
Describe the different pathway of transport in plants.
Soil water moves and reaches/xylem tissues by various pathways, explain.  (LHR 2017)

How are minerals and water taken up by roots? Diagram the structures involved
and the pathways for water and minerals from soil water to xylem and the transport

o =

processes at each step. (Exercise Question i)
Explain apoplast, symplast and vacuolar pathways and describe the movement of
water and dissolved minerals through them. (Exercise Question v)

14.3.5 Water Potential (Symbolized By Greek Letter Psi = ¥w)
Water molecules possess kinetic energy which means that in liquid or gaseous form, they
move about rapidly and randomly from one place to another. So, greater the
concentration of the water molecules in a system the greater is the total kinetic energy of
water molecules. This is called water potential (‘Pw).

Factors effecting water potential:
In plant cells two factors determine water potential.

o Solute concentration (Osmotic or solute potential = ¥'s)

o Pressure generated when water enters and inflates plant cells (Pressure potsitial = Wn): -

o Pure water has maximum water potential which by deflnl'r'-v"\ |> FER0 ‘Wate| mor
from a region of higher ¥w to lower ¥w, | | _ | ) { —

o All solutions have lower Mw than_oure-watzi anc, sp' have rﬂgctl\ e Vaiue of Yw (at
atmospheric pressure and o.'r & dr mhed Te mpeJati. e) |

Osmosis: - )\

So osmiEsis cert b( Lef nod 3s: |
“The maverent o vratarmoiecules from a region of higher water potential to a region of
Iowe| witer por eatial through a partially permeable membrane”.

-<|_‘a§mdéi'b (qr.,.lme ) Potential =

The osmotic (solute) potential Ws is a measure of the change in water potential ¥w) of a
system due to the presence of solute molecules. ¥s is always negative. More solute
molecules present, lower (more negative) is the ¥'s.

307



Chapter—14 Transport

Pressure Potential (¥'s)

o If pressure greater than atmospheric pressure is applied to pure water .5i-a. solutish, te,
water potential increases. It is equivalent to pumping water fram )n‘= place'to anotier
Such a situation may arise in living systems.

o When water enters plant celis by csmiosis-siessiire, niay; ve bult up |nu|de e ceII making
the cell turgid and mcreasng tl"c Dieshlre pnten*la‘ This the total water potential is sum
of ¥'s m'.d T|\ _

S = L L G + ¥p
Water potgntial | | . “solute potential Pressure potential
o inlf l/( usa {ha st water potential, the tendency for water to move between any two

|14 | ssistemis’can be measured; not just from cell to cell in a plant but also from soil to root
' from leaf to air or from soil to air. The steeper the potential gradient the faster is the flow
of water along it.
The following example would help understand the concept of water potential. Two
adjacent vacuolated cells are shown with WYw,¥Wp and V.
Freely permeable coll walls,
N\

R -._\K_\
CELL A CELLB

-

Py = - 900 kPa

Partially permeable
cell surface membranes

i = - 1200 kPa

\p = $00 kPa \p = 600 kPa

Yy == 2000 kPa - 1400 kPa

Wy

AN

Fig. 14.3 Two adjacent vacuolated cells.
€)) Which cell has the higher water potential?

kPa = 1000 Pascals

(b) In which direction will water move by osmosis? _ which is the
(© ngﬁ'gb\;\iﬂh}ge the water potential of the cells at oressure exerted b a

vertical force of one
Newton on an area
of 1 metre square.

(d)  What will be the solute potential and pressure
potential of the cells at equilibrium?

14.3.6 Plasmolysis and Pressure Potential :
Plasmolysis can be defined as the shrinkage of protoplast due to exosmos is Of water—

Plasmolysed cell: \ -’
When a living cell is placed in a solution'having Lovydr water potm1 |c'| t“cgn thit ot the
cell, plasmolysis takes place and the "eII is balfe.d |\Iosn c Iy ,em.l

Deplasmolysed cell \ -
If this Jucsmolyqed eeilIs nlacdd in distillec-water \v'VhICh has hlghest water potential) the
water ristecutes would 'move h’)m Aistilied water through differentially permeable cell
membrane! iatg, the Ce‘ll a'v* tiie cell would become deplasmolysed.

Inciz .tntrl,isrr oI /8is '

SINT he ot at which plasmolysis is just about to happen is called incipient plasmolysis. At incipient

plasmolysis the protoplast has just ceased to exert any pressure against the cell wall, so the cell is
flaccid.

o If a plasmolysed cell is placed in distilled water, the one having higher water potential
than the contents of the cell, water enters the cell by endosmosis, volume of protoplast
increases, and it begins to exert pressure against the cell wall of plant cell.
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Pressure potential

The cell wall is rigid, so the pressure exerted by the protoplast agamef tie, cell wallic
called pressure potential. o

As the pressure potential of the cell increases| die to endndimaosis, the cell ba:ccmes torgia. Full
turgidity i.e. maximum pressiie poteniial'is azi ..eved wiei: a-.cell IS ,)Ia,_:eo in/pure water or distilled
water.

The anima; czlle-zariiot thstdno hnhu presoir potential as there is no cell wall around
protoplast.

Thus the turpic cel's bwsl ina solutlon of higher water potential.

U9 the-aairagis employ the mechanism of osmoregulation to maintain the amount of

water and salts in their cells to constant or nearly constant levels.

QUESTION RELATED TO ABOVE ARTICLE
Explain water potential. What is relationship of water potential with solute potential
and pressure potential?

14.3.7 ASCENT OF SAP

1)
(2)
®3)

Water and dissolved minerals traverse the cortex and endodermis aid reach the xylem tissue of
roots.

Actually water and dissolved minerals are carried or pulled upward towards the leaves
through xylem tissue. This is called ascent of sap.

This may involve the following:

Cohesion Tension Theory

Root Pressure

Imbibition

14.3.7 (A) Cohesion tension theory

(i)

(i)

It is one of the most important theories proposed by Dixon. This theory provides a
reasonable explanation of flow of water and minerals upwards from the roots to leaves of
plants, in bulk flow or mass flow. This depends on the following:

Cohesion

It is the attraction among water molecules which hold water together, forming a solid
chain-like column within the xylem tubes.

The water molecules form hydrogen bond between them.

Tension — , SR

It is provided when this water chain is pufied un ir the X\Hami (!:ig.'. 1404y Trahspiration
provides the necessary enesgyv or ferge. \ u -

Tension is between the moleciil2s /0 we teL b /h\,dregen bﬁ"ds '

This xy |e| nwater fei b.an IS tLond enOL gr 10 pulkwater up to 200 metres (more than 600 feet) in
plants. 1 \ \

Adkasicn |

ey e added that the water molecules also adhere to the cell walls of xylem cells, so
“tHatthe column of water in xylem tissue does not break. The composition of cell wall

provides necessary adhesion to water molecules that helps water creep up.
The cellulose component of cell wall especially has great affinity for water. It ¢ an imbibe water.
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(iv)

Mewsel clemen

Fig. 14.4 (a) xylem Tissue elements involved in transportation of water and dissolved minerals.
(b) Scanning electron micrograph of two large vessel elements of a cucumber root.

Strong Xylem walls
It is essential that the xylem walls should have high tensile strength if they are not to buckle

inwards.

The lignin and cellulose provides strength to cell wall of xylem vessels.

By cohesion-tension of water molecules, and the transpiration pull providing the
necessary energy, the sap (water and minerals) in xylem tissue is pulled upwards to the
leaves.

Large quantities of water are carried at relatively high speed, upto 8mh being recorded
in tall trees, and commonly in other plants at 1mh™.

Mechanism of Transpiration Pull in Cohesion Tension Theory
Transpiration

The evaporation of water from the aerial parts of the plant especially through stomata of
leaves is a process called transpiration.
As a leaf transpires the water potential of its mesophyll cells drops.

This drop, causes water to move by osmosis from the xylem ceIIs of log® |nto deh\’q"-'l g-. YA L

mesophyll cells. y .- _. [ 7 | A
The water molecules leaving, the xvlem arn atla“hed to Lthﬂr veter muleumcs in the same
xylem tube by hydrogen b¢, nUs {cor es’ cn )f /vdter mole L'|FJ)
Thereera wne, mONE water mnlewla moves uE the xylem the process continues all the
way to Lhe I'JG-* V! 'hﬂre watn i puiied from the xylem cells (tracheids and vessels).

This bul, ..al.so_ca.lsss 'water to move down its concentration gradient transversely from the

¥

1 cﬁ‘.-epider'rhis (root hairs) to cortex by endosmosis and to pericycle.

This pulling force or transpiration pull is so strong that it also reduces the water potential
of root epidermal cells.

Then water in the soil moves from its higher water potential to lower water potential of
epidermis of root by osmosis.
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..-_:.mm.u e [ i o
icreles ba axe ol . - .
swalbnr wad v - v ] » 2
astent walks, by =l
Irdneges bevads \‘A B L
- J

Fig. 14.5 The cohesion-tension theory of water in\;v’form root to leaf
QUESTION RELATED TO ABOVE ARTICLE

What is Cohesion tension theory? (MTN 2019)
Write down about “Cohesion Tension Theory” of ascent of sap. (GRW 2021)
Describe cohesion tension theory for transport of water. (DGK 2021)

Describe cohesion-tension theory of water movement in xylem. What supplies the
cohesion, and what is the source of tension. How do these forces interact to move
water throughout plant? (Exercise Question iv)

14.3.7 (B) Root Pressure
Second force involved in the movement of water
and dissolved minerals up in the xylem tissue is the
root pressure.

o Root pressure is created by the active secretion of
salts and other solutes from the other cells into the
xylem sap.

This lowers the water potential of xylem sap.
Water enters the xylem cells by osmosis, thus
increasing the level of sap in the xylem cells.

o Water entering the xylem cells, may take apoplast,
symplast or vacuolar pathway incregsing the. .

\ B tAic. ,

hydrostatic pressure in cells, this, pL shes ﬂhe 'Vc.Ie
upwards. ". FTVA '-.'_ 1 FqlAGUuttahor bv strawberry leaves
o As a r'*'§u| of rf‘-m'p eequre the 519 ln tne X\ leln does not rise to enough height in most
plants.
o The_roct rr=5~ue is a. so last effectlve during the day, when transpiration pull is the

’ cm.ly“ force, invotved n pulllng the sap in xylem cells upwards.
AN I |0t a5 'seen estimated that a positive hydrostatic pressure of around 100 to 200 KPa
,J | .| (exceptionally 800 KPa) is generated by root pressure. The pressure mentioned above is
A not enough to push water upwards to required height in most plants. But it is no doubt a
contributing factor in plants which transpire slowly, and are smaller in size.
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Guttation or exudation:

Closely associated with root pressure is a phenomenon called guttation or-gxvdation: _
Guttation is loss of liquid water through water secreting alancs 6r hydathodes. “ile c2va
drops that can be seen on the tiss of giass lsavesicr »uavxbnrry leaves ~are-actually
guttation droplets exuded from hyazinodes ' ! -

Guttation orexudation.is norg/notable wier! traspiration is supprcssed, and the relative
humiditvig higitas.at | n’]h _

The guttaticn i ir| 1act Uue e posmve pressure - the root pressure, developed in xylem
tissu ofironts.

’l 3,7 5 miibition

Another important force in the ascent of sap is imbibition.

Sacks in 1874 suggested that the water molecules move along the cell walls of xylern
vessels due to imbibition.

The cell wall components especially cellulose, pectin and lignin can take up water and as a result
increase in volume, but the components do not dissolve in water, this is called imbibition.

The amount of attraction and increase of dry cell walls of plant cells, and of protoplasm
for water is often very great and considerable imbibition forces may be developed in
plant body. The root cell walls imbibe water from the soil, and this water moves by
apoplast pathway already discussed.

Imbibition is a reversible process and when water is lost of the original volume of cell wall and
of protoplasm is restored.

The uptake of water by imbibition is especially important in germinating seeds. The volume of
dry seed may increase up to 200 times by imbibition, as a result, the seed coat ruptures and
makes the germination of seed effective.

14.3.7 (D) Bleeding

(1)
(2)
©)

Sometimes it so happens that certain plants, when cut, pruned, tapped or otherwise
wounded, show a flow of sap from the cut ends or surfaces quite often with a
considerable force. This phenomenon is commonly called bleeding.

etc. e
Although the flow of sap is ordinarily slow, a considerable Q'rartlt}y 0fThe sap uv-it_hi_n 3
period of 24 hours comes out of the plant} 11 somepal m° whbr taop ed, there riay be a
flow of sap to the extent i 110-15-+iresper czy. The 'sqp in'such plints contains sugars
and water in.addition to org ar io'ana incrganis < U'OSLd.I"(‘.FS {e.0. salt
There il’e'fN(‘ mcin facﬁrt aesr‘on:ltle fer blgeding;
The hyd rosatic, prissuse |n xvlt m-and phloem elements.

Tig 100t prn:SL ra. which is exerted by the xylem tissues of roots.

.' #* 3, 8. "l‘rL"I_L CF TRANSPIRATION

There are three types of transpiration depending upon the route of escape of water
vapours from the aerial parts of the plant.

Cuticular transpiration

Lenticular transpiration

Stomatal transpiration
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(i) Cuticular transpiration

The loss of water in the form of water vapours through the cutlcle of caves |s cehP"_ 1 \

cuticular transpiration. ; [
About 5-7% of total transpiration tares pla(e Ihes; Jg’l this route .
The cuticle present on tae!uppet=end” ls:ver! epicermis |07 lzaves is not completely
impermeabig, to wat3er-and\some wite! lis inst in the forin of vapours through cuticle.

The thinzie! the, clticle, the Jredier 12.the raie of transpiration; although the composition of
cuticle 15 al<o impgrant, _

N -wjight, when tfe stomata are almost closed, cuticular transpiration takes place.

“N.ost of the factors which affect rate of transpiration, in general, are also important in

controlling the rate of cuticular transpiration.

(i) Lenticular transpiration

Lenticular transpiration is the loss of water vapours through lenticels present in the stem of some
plants.
All plants do not possess lenticels.
The lenticular transpiration is 1-2% of the total transpiration by a plant.
These openings, like stomata are also involved in the exchange of gases between
environments. When there is strong light and high temperature, the loss of vapours is
rapid because it is governed by diffusion.
Lenticels are aerating pores formed in the bark through which exchange of gases takes
place, and water is lost in the form of water vapours (transpiration).
Externally, they appear as scars or small protrusions on the surface of stem.
Lenticel consists of a loose mass of small, thin-walled cells.
At each lenticel the cork cambium forms oval, spherical, or irregular cells, which are very
loosely arranged, having lots of intercellular spaces.

Lenticel

Fig. 14.7 Left: The waterproof outer bark Gayer of dark cells on the surface) on this section of stem is
interrupted at the center of the lenticel. Thus the more loosely arranged cell layer beneath, with their
numerous intercellular air spaces, are exposed to the atmosphere, Right: The individual lenticels can be
seen as white areas on the surface of a young stem.
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(i)  Stomatal transpiration
It is a type of transpiration in which the water vapours escape throuigh stomata, -in
isobilateral leaves the stomata are present, in both, upper and. "\W*I’""MUPH{IIS 2(0. Mty
and maize leaf, f i ’

o In dorsiventral leaves the stomata ars cor“"wed [0 orly fhe fowver epldt rmL,

o The guard cells are normally du wilie Cr/bear! sheped Seda, ||

o The i inney o, rcave.sicles Gf we'ge jard cells'ericlose-sie stoma.

. This ini=7 sice, of g.UarC. Ct I. hag verizthick cell wall, but the outer convex side has thin
cell wal’. "\ "\

o ] r'-’l guard’ cel's are the onIy cells, of leaf epidermis, which are not connected by

- pi srhcaesmata to other epidermal cells, and which have chloroplasts and thus are involved
in the process of photosynthesis.

o When these guard cells are turgid, the stoma between them opens and when the guard
cells are flaccid the stoma between them closes.

o The degree of opening of stomatal pores also affects the rate of transpiration. 90% of total
transpiration in a plant is stomatal.

o The cells of mesophyll of leaf provide enormous surface area for the loss of water in the
form of vapours. The pathway of water vapours loss to the atmosphere, through stomata
is shown.

Movement Xylem Intercelular  Evaporation Upper epidermis
hetween cells  vessel  space 7
Palisade —
= Mesophyll
Phlocm Cell —
oS AU Lower cpidermis

Fig. 14.8 The water pathway through the leaf. Water is drawn form the xylem into the cell walls of the
mesophyll, where it evaporates into the air spaces within the leaf. By diffusion, water vapour then moves
through the leaf air space, through the stomatal pore, and across the boundary layer of still air that adheres
to the outer leaf surface. CO; also diffuses into the leaf through stomata along a concentration gradient.
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14.3.9 OPENING AND CLOSING OF STOMATA

(i)

The guard cells function as multisensory hydraulic valves.

Environmental factors, such as light intensity and quality, temrv.atL e/ ‘relativa hirhidity,
and intracellular CO. concentration are erised. by guara cel.\ an( thése dighais are
integrated into well definez-stomatal-ressonises, ! .

There are two hypotheses wh.r‘h niay @ plair, the ope nmg and c|03| of stomata.

Starch Sugal Hypotnssis, |

The Geimar: batanist\H! Viari ok proposed that the guard cells are the only photosynthesizing
cellgof epidlerrnis ¢f lef and sugars are produced in them during day time when light is a

Cavailabis.

Wwhen sugar level rises i.e. solute concentration increases or water potential decreases and
the guard cells become turgid and they separate from one another, and stoma or pore
opens.

During night there is no photosynthesis the sugars are either converted into insoluble
starch or are used in respiration, this decreases free sugars in cell.

So the osmotic pressure of guard cells is lowered, and water leaves the guard cells.

Which become flaccid and stoma or pore between them closes.

But these processes are not fast enough to account for the rapid rise in turgor, of guard
Influx of K* ions

Potassium concentration in guard cells increases several fold, depending upon plant
species.

Stomata open due to active transport of potassium ions (K*) into the guard cells from the
surrounding epidermis.

The accumulation of K* decreases the osmotic potential of guard cells.

Water enters the guard cells by osmosis, which become more turgid and stretched and
stomata are opened.

The stoma closes by reverse process; involving passive diffusion of K* from guard cells
followed by water moving out by osmosis.

What controls the movement of K* into and out of guard cells? Level of carbon dioxide
in the spaces inside the leaf and light, control this movement.

A low level of carbon dioxide level opening of the stomata, thus a'!u\/lm en |r'uacs =d'
carbon dioxide level and increased rate of p! atosynthesw TN [ | et
Exposure to blue light, which is(aiso eftaciivelir ph)t( synheyls \as-h28n shown to
acidify the environment ¢f the vmard celis, (e pumps| ot Jotq ny) which enable the
guard cell5 1o take Ui K fot 'ov:eo. b wefcr Hiptale resultlng in increased turgidity of
guard c# s \ -

So in general ¢ thna are g i ourlng day and closed at night. This prevents needless loss

Y 5 E water Dy the piant When it is too dark for photosynthesis.
“Ihe-plants open their stomata by actively pumping Potassium in guard cells causing water

to follow by osmosis.

Guard cells become turgid and stoma or pore opens.

When Potassium leaves the guard cells (during night) water leaves the guard cells by
exosmosis and guard cells become flaccid and stoma or pore between guard cells closes.
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Fig. 14.9 Stomata. Stomata seen through (a) the tlght mlcroscope and (b) scanning electron microscope. In
the tight micrograph, note that the guard cells contain chloroplasts (the green ovals within the cells) but that
the other epidermal cells do not.

QUESTION RELATED TO ABOVE ARTICLE

Describe the mechanism of opening and closing of stomata. (MTN 2019)
Describe the hypothesis “Influx of K+ ions” about opening and closing of stomata.

(SWL 2021)

Discuss role of influx of Potassium ions in opening and closing of Stomata. (BWP 2021)
Describe the mechanism of opening and closing of stomata. (Exercise Question ii)
14.3.10 Factors affecting the rate of transpiration

;'l.:m'-_il :.\,J | "\.I' Ii

K]

Rate of transpiration for a plant is very important as the transpiration stream is necessary to
distribute  dissolved mineral salts throughout the plant. Water is transported to
photosynthesizing cells of leaves.

Transpiration is also very important as it cools the plant. This is espemallv |mp0rtant m

higher temperatures. =l ,

If the rate of transpiration is very high, there-would be m'.LC‘iT:Oi‘S oflvv,atcu ’f"0m fhﬂ"amr’t -
so at high temperatures the stomata almost cl¢ e -ntﬂ rm'uctlmn 'ln¢he ‘e off*"- nspiration
is effected. ' f* ) '. LA .,'- A l '

This stops, .wltmg of the. Ie vé.s and .)f rJlants (h'-ﬂ ’baccr‘us pIants) '

There '1re| donme- "F'-lnthant FartO:§ F cI offect-tiie rate of transpiration in a plant.

(i) Light "\ | ARARY \ | (1f) Femperature

( i) 0 cmrlceﬂ*rqﬂwn. = (iv) Humidity and vapour pressure
J | x Y\"l//mq' § b (vi) Availability of soil water
‘1'" ! | “Lighit: The opening and closing of stomata is directly controlled by the light.

In strong light the rate of transpiration is much more as compared with that in dim
light or no light.

As Potassium actively enters the guard cells, when light is

available, water follows and guard cells become turgid, and stoma opens.
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(ii)

(vi)

inech needed water. called abscisic acid. This hormone

Temperature
When the sun-light is strong on a bright and sunny day the enwronmenta' temperature-is
increased. '
The higher temperature reduces the humidity of the surrcu.lqu air |

The evaporation of water from the jurfaces 'of " 4 1 1 | | % -
mesophyll cells also increasss, this-increasirg Hom]opet ate ivolved in stomatal

Elt]i? rate of ffraner):ratlor:‘ bl b” bl -OvEment in plants. At high
e rete of tanegiration deubles.by evary 1i temperature when leaf cells start

of 1G°C" in {iemparoture,~_ery high iitina a hormone is released b
environimental\ tamperature. e, 40-45° C cause | W!'INY @ hOrmone IS released by

giogre of slometz, so that plant does not loose | Mesophyll cells. This hormone is

i higher temperatures are maintained in the | stops the active transport of K* into
environment for a longer duration and soil | guard cells, overriding the effect of
water is limited, the plants would wilt and may | [ight and CO, concentration. So K*
die. ;

Carbon dioxide concentration pumping stops. Stomata close.
Low carbon dioxide concentration (such as
those that occurs during the day when photosynthesis exceeds respiration), stimulates the
active transport of Potassium ions into the guard cells.

This transport (as discussed earlier) causes stomata to open and allow CO; to diffuse in
the mesophyll cells of leaves. At night cellular respiration in the absence of
photosynthesis raises CO: levels.

This halts the inward transport of K*, and thus of water, allowing the guard cells to
become flaccid and stomata close. Thus transpiration almost stops.

Humidity and vapour pressure

When air is dry, the rate of diffusion of water molecules, from the surfaces of mesophyll
cells, air spaces, and through stomata to outside the leaf, increases.

So more water is lost, increasing the rate of transpiration. In humid air the diffusion rate
is reduced.

This decreases the rate of transpiration appreciably.

Wind: The air in motion is called wind, which causes increase in rate of diffusion of
water molecules.

The rate of evaporation from the surfaces of mesophyll cells increases.

When air is still, the rate of movement of water molecules (diffusion) is slowed down,
thus reducing the rate of transpiration.

Availability of Soil Water e
If there is little water in the soil, less is brought or transported to the- i af.sells and iesslis)
lost to the environment bytransplratlon -y . N
So when the rate of absorptlon of water in roct ce‘ls IS r.‘duced trie rafe nf rangpiration is
reduced. 2y 1HR .

14.3.11 Transpiration as a necesiaiy evil .

Transp..at or, has-heen described ‘as! .1euuoqa1y |I'because it is an inevitable, but
potentia’ “v harmfu! coi'seq J€j iee “of _the—existence of wet cell surfaces from which
evaporafion odeurs.

l-ass|of watér fron) tie plant can lead to wilting, serious desiccation and often death of a

it if-pnditions of drought are experienced.
“Iheie Is good evidence that even mild water stress results in reduced growth rate and in

crops to economic losses through reduction of yield.

Despite its apparent inevitability it is also of very great importance for the plant.

Water is conducted or transported in most tall plants with the courtesy of transportation
pull.
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(i) Minerals dissolved in water are distributed throughout plant body by transpiration
stream. - 1

(i)  Evaporation of water from the exposed surface of cells of Ieaves |"a cmln g ef L,ul on)
plant. i

(iv)  Wet surface of leaf cells allow gaseg!Is exchange.,
QUESTIONRELAZEDTO v

What is transpiration? Give the factore effucting theirawe ofitranspiratici. (GRW 2018)
Define transpitation, Descrive tha mcch nism; of opﬂn ing and closing of stomata. (LHR 2018)
Illustrate the iechanisra of preriing'andzissing of stomata. (GRW 2019)
Transpiration s a'necessary bvil’“Comment. (RWP 2021)
14,372 TnlANSLO". “TTON OF ORGANIC SOLUTES

_Orgfm\, solutes are transported by phloem tissue.

s Y[
114.5.12 Phloem Transport

o The phloem is generally found on the outer side of both primary and secondary vascular
tissue in plants with secondary growth.

o The phloem constitute the inner bark.

o The cells of phloem that conduct or transport sugars and other organic material
throughout the plant are called sieve elements.

o In addition to sieve elements, phloem tissue also contains companion cells, parenchyma
cells, and in some cases fibres, sclereids and latex containing cells.

o However, only sieve tube cells are directly involved in transport of organic solutes.

o Sieve elements are characterized by 'sieve areas' portions of the cell wall where pores
interconnect the conducting cells.

o Some of the sieve areas of sieve tube members are generally formed in end walls of sieve tube
members where the individual cells are joined together to form a longitudinal series called a sieve
tube.

o Sieve plate pores of sieve tubes are essentially open channels that allow transport between
cells.

Phloem

Vol Horss ==y

JaN | AL - Companion cell

Fig. 14.10 (a) This diagram shows part of the root phloem consisting of sieve tube members stacked end to
end. A joining end walls have common pores. Each sieve tube member is associated with a companion cell
(b) Sieve tube member showing the pores in its end walls. Note the scarcity of cytoplasm components in
these sugar conducting cells.
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. Each sieve tube member is associated with one or more companion cells. o

. Sieve tubes and companion cells are in communication with -cach other, r',, "'."."- ull".,'g
plasmodesmata. 5\ II .”-:;{ \ ,-u .-I__‘

. Companion cells supply ATP and proteins f0 sieve e m-e-. WA ii- \ O

o The photosynthetic products fron: o'notg ntr érsmr P Pll',, -Ihe nsns,')phvrl and palisade
layer of leaf, pass into S|ev'«= ibzs, 1hrtn| glktrpe -‘cnrr.nanlm'a_mli via nlasmodesmata.
14.3.11 Patteyris df Transpott - Y {\ \ -
o Phloem= i amsp sort (ces n‘e.)t 'bc cu c\x”t:d'-,'sr.vely in an upward or a downward direction and is
not defme ' -lvfl-,h ré-spe&'.f of yravity.
J J .\J;‘“ poﬂ'.'r 01'! _irarslocation occurs from the areas of supply (sources) to areas of

T

dé‘*aaoﬂsm or storage (sinks).
The areas of sources include any exporting The composition of materials flowing in

organ typically a mature leaf, or storage | phioem has been studied by using aphids -
organ, that is capable of the insects which are phloem feeders these

(i) Storing photosynthate in excess of its own needs insects insert their stylets into stem or leaf
and extend them to puncture a sieve tube.

(i) Storage organ during the exporting root of beet | 1o pressure in the sieve tube cell forces
is a sink in first growing season, when sugars | sap through aphid's digestive tract and out
Sink h f acti boli dew". The composition of honey dew
(i) inks are the areas of active metabolism or | \ue revealed that it contains 10-25% dry
storage for example roots, tubers, matter 90% or more of which is sucrose.
developing fruits, immature leaves, and even | Nitrogenous compounds are about 1%.
the growing tips of stem and root.
The movement in phloem is from source to sinks in most of the plants during active

photosynthesis.

Fig. 14.11 Collection of phloem sap using aphids
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14.3.12 The Mechanism of phloem translocation/transport

(i)
(i)

The theory called, Pressure - Flow Theory, is the most acceptable-theory for tiie
transport in the phloem of angiosperms. We have considerable-aviie/ice 0 sup|p¢rt ihis'
theory. There were two main categories ai theories-c;account.for niqveiren: wi-=2p In
phloem. The active theories involving the t:se'cf energy/fo the meveiners-st materials in
phloem, and the passive thebriss;in whicming \use of 'ehelgy-~vas ivolved. The active
theories-hive, all been.asandoned as theie is votinuchgvidence to support these theories.
Now we-ar l2ft with passiye tlneom of trarisport / translocation. These include:

Diffusi¢n

Pregeure flowtwnmy -

Difsidn:,”

(i)

1)
)

©)

=

Diftusion is far too slow, to account for the velocities of sugar movement in phloem,
which on the average is 1 metre per hour, while the rate of diffusion is 1 metre per
eight years. So we are left with pressure flow theory.

e (Cell wall apoplast

Plasma membrane

Plasmodesmata

Sieve element -

Companion cell
Mesophyll cells
getting CO, for
photosynthesis. Bundle sheath cell

Phloem parenchyma cell

Fig. 14.12 Movement of sugars from mesophyll cells to sieve elements.
Pressure flow theory

A hypothesis was first proposed by Ernst Munch in 1930. It states that the flow-oT \

solution in the sieve elements is driven by an osmotically gpr}era'eq siessure ']1'ad.r=nf
between source and sink. Now this hypo nesis has-heen” given, setds, of 4ty The
following steps, in figure explain pressurp fow/" rhvo v

The glucose formed in ‘th¢ prinioSyyithasi lzmq cells is) Leed N\thln the cells (for
resplrafmr etc.) and thevest isicotivertéd, inte’ nan=resucing sugar i. e. SUCrose.

This sterose isiacti ively trang por@&hh Ug-the bundle sheath cells to the companion cell
of the sinaliesy 'vein'in leaf_. ¢-short distance transport (involving 2-3 cells). Thus sucrose
m"fJ,es thrpuan_plasiodesmata to sieve tube cell or sieve element, raising the

RRCCate) srifration of sucrose in it. The pathway taken by sucrose is symplast in most cases;

out 1S some, apoplastic movement does take place. The sucrose is actively transported to
the sieve elements.

The water moves by osmosis from the nearby xylem in tie leaf vein. This increases the
hydrostatic pressure of the sieve tube element.
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(4)

()

(8)

Hydrostatic pressure moves the sucrose and other substances in the sieve tube cells, and
moves to sinks e.g. fruits and roots. In the storage sinks, such as sugar-heet root asit
sugarcane stem, sucrose is removed into apoplast prior to entering syini:iasy,of the/sink.
Water moves out of sieve tube cell by osmesis, lowering-thie hyGrostatic pressure:
In. symplast pathway, sucrose (or sugaiz) move 1njoigl prsmpazsingia te thie rectiver cell.
Thus according to pressire, flowi=ihedry;, the, firessiiie 'gradien. s established as a
consequence, of entry ofsugars/in‘thie sizve elernents at-the source; ‘and removal of sugars
(sucroge)at the-sink: The ‘aheray driven‘entry-of sugars in sieve tube elements, generate
high osmctic pressure initha'sieve-tuoe elements of the source causing a steep drop in the
water pcteiial, ' :

Thel pregense- sieve plates greatly increases the resistance along the pathway and

“Jdsulsin the generation and maintenance of a substantial pressure gradient in the sieve

elements between source and sink.

The sieve element's contents are physically pushed along the transportation pathway by
bulk flow, much like water flowing through a garden hose.

The pressure flow theory accounts for the mass flow of molecules within phloem.

It may be noted that the transpertation of photosynthate or carbohydrates from the
mesophyll cells to phloem tissue involves diffusion and active transport (carrier mediated
transport). Then in phloem tissue (sieve tubes) the movement of materials is according to
pressure flow theory.

Again in the sink cells when the sugar and the carbohydrates are passed from the phloem
tissue, diffusion and carrier mediated transport, either passive or active, takes place.

Phloem
Xylem
e Companion cell
B 11
, . J'
" vt . ; .Q
" :'9..1' |
" ':. .._“-' Il
AL
O.tﬂ . Ld
- (Source of Sucrose)

*n'ulmm. o Frut 25 for sucrose)
Nt

h'ﬂr’.--ﬂiioﬂm—'
Stmo'-—bkmtmwmdmcmﬂ

Fig, [14.19 The, Piadsuie-fiow theory (1) A photosynthesizing leaf manufactures sucrose (red dots), which

" -42, s lajtively transported (red arrow) into a nearby companion cell. The sucrose diffuses to sieve-tube
“albnient through plasmodesmata, raising the concentration of sucrose. (3) Water (blue dots leaves nearby

xylem and moves into the 'leaf end" of the sieve tube by osmosis (blue arrow), raising the hydrostatic
pressure. (4) The same sieve tube connects to a developing fruit (sink); sucrose enters the companion cells
by diffusion through plasmodesmata. It is then actively transported out of the companion cells and into the
fruit cells. (5) Water moves out of the sieve tube by osmosis, lowering the hydrostatic pressure within the
toe. (6) High pressure in the leaf end of the phloem and low pressure in the fruit end cause water, together
with any dissolved solutes, to flow in bulk from leaf (source) to fruit. (Black arrow).
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QUESTION RELATED TO ABOVE ARTICLE
Explain pressure flow theory. _ (GRW-20153,
Describe pressure flow theory of phloem transport. || (DG <2628
How the pressure-flow theory does explins the indvement ¢f |stigars ilitough a

lant? 1 T.FE 1“ "‘ - ‘Exercise Question iii
hm RATEPGRTUINANS

Unicelitia: gnimats~nave, maxiimum ‘surface aréa to volume ratio; and most of the
substanzes 'mave ino or out oftheir-tedies by simple diffusion, osmosis, active transport,
and faciiiteted giffusior..

e 1.0 there| arglnb ‘special transport systems involved.

(B ] Shras is true of simple multicellular animals which ¢ ;\>/\
are aquatic. [ . r&

o But complex multicellular animals possess highly E

organized, and well developed transport system, in
the form of blood vascular system.

14.4.1 Transportation in Hydra L g
It is fresh water in habitat. The body is two layered:; Mouth )

o The outer ectoderm

. Inner endoderm;

. In between them is mesogloea which is non-cellular. f:v‘,‘t’y””‘““’

o The outer surfaces of the ectoderm cell are exposed
to the water in which the animal lives. v—

Water, dissolved Oz, and food is taken into the o e
coelenteron (enteron) of Hydra by the movement of e
tentacles, and flagella which are present in most cells P
of endoderm.

o The materials and food may be absorbed or taken up by endocytosis into endodermal
cells. The indigestible and partly digested food is removed by exocytosis from these cells,
into digestive cavity (coelenteron).

o Ectodermal cells get food from endodermal cells by diffusion.

o The ectoderm cells directly exchange materials with the surrounding water Fig. The also

get nutrients from endodermal cells.

14.4.2 Transportation in Planaria =™
The body of Planaria is flat, the most of its cells are_exposed th-{ke cute .WF! et
Diffusion is the involved in the movement o materiais, into-end, cut'of ttie | ‘st o
There is no special transport-systein in Plaivaria, Tihe reasonsiare: ™ |

0] The body of Planaria is fldt, /arc Erovi des qieater suf face-aree for the exchange of
materiats, heiween-the body ard the'enyiroarnert.

(i) Planariz=is, achelomate! i.z. tiere*is-no oody cavity and the mesodermal layer or
mesenciying iy sompoded cftgosely packed cells between ectoderm and endoderm.

o o~ Whalever riterials, such as O, diffuse in the ectoderm, pass to mesodenn cells and then

n | dlifuse-into endoderm cells.

) For the removal of wastes the same route is reversed.

o Intestinal caecae reach near almost every cell of the body and digested food is provided
to the cells by diffusion.

o The endoderm cells, can also acquire food water dissolved minerals, and to some extent

0., and remove wastes into the gut.
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14.5 CIRCULATORY SYSTEM

LR

(A)
(B)
(©)

14.5.2

(@)

(b)

1 = !
| | %
|

In the body of larger and complex animals, there is very little exposed-surface Areate,
volume ratio. _ | _ : _

Most of the cells are notexposed ) the external e.nv-irr_ar.rri.?r!': directly and it becomes
very difficlly to transpui cmiateiels by Sims'e diffesion. '

Complex &l ‘iﬁ‘als neve| evoived trarisport systems in the form of blood vascular system or
_(::i'c.J..ato.'y ystei: |

Characteristics of Circulatory System

A circulatory system accounts for rapid mass flow of materials from one part of the body
to the other, where diffusion would be too slow.

There are three characteristics of a circulatory system.

A circulatory fluid - the blood.

A contractile pumping device - which may be the modified blood vessel or a heart.
Tubes - Which can transport the circulatory fluid (blood) to and from cells of the body.
These tubes are the blood vessels. Materials just be exchanged between the circulatory
fluid and other body cells.

Open and Closed Circulatory System

The circulatory systems of animals are divided into two main types:

Open circulatory system: It is observed in animals belonging to Phylum

Arthropoda (crustaceans, spiders, insects) and Phylum Mollusca (snails and clams) and
group of protochordates, the tunicates.

Closed circulatory system: It is observed in _animals_ belo__r*.gir\g ¢ a.'m"e'llds," Ct“phdl.(:,'-;{wﬁ
molluscs (squids and octopus), ect.ir:iru_de_rm.: am.'-\'/er..'_ek'._m.te._;. ' N -

The differgrizes betweer oﬁ-,_ef;_ ¢irculatyry .:vs:te":T. an,d-c-!oéed ciré:ul'atory system would be
clear b"y'; stui'):'i-n.g '-th'; cd rqpa.'r:':(;!:- betwéen. circulatory systems of earthworm and

¢ock oach, |
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Comparison between closed and open circulatory system.

Closed circulatory system e.g. Earthworm

(Pheretima)

1. Blood always
vessels, and .does not come in direct centict
other cells of the body.

remain in the blood

2. Inter conpssiga; system ai arlerigs,/ veins,
and capillariez=prasant.

T7Blood 2055  not ‘remigin’ £neiosed in-the
Rlocd vessels, ana, comes [in-airect contact
vvth other 301 /' ¢el's;'and hathes them.

‘There
\,apillaries and for much of the time the blood
called haemolymph flows in the cavities or
sinuses of body cavity (hoemocoel) around
the viscera (perivisceral sinus) and around the
nerve cord (perineural sinus),

2 'There-are no typlcal arteries, veins, and

3. Exchange of nutrients and waste products
between the blood and tissues via tissue fluid
occurs through capillaries.

3. Exchange of nutrients and waste Inducts
between the blood and tissues occmrs when
bloody directly bathes the tissues.

4. The system also transports gases i.e.
oxygen and carbon dioxide.

4 This system does not transport gases i.e.
oxygen and carbon dioxide (these gases are
transported by tracheal system).

5. Respiratory pigment haemoglobin is
dissolved in blood. Nucleated white blood
cells are present.

5. No respiratory pigment and blood is
colourless in which nucleated white blood
cells float

6. This is regarded as the most
advanced type, having greater efficiency,
maintaining the blood pressure and conomy
of blood volume.

6. This is regarded as primitive having lesser
efficiency and does not maintain blood
pressure.

7. In earthworm there are 4 or 5 pairs
of lateral hearts present on the lateral side
of oesophagus in 7" to 13™ segments.
Hearts pump the blood from the dorsal to
the ventral blood vessel.

7. In cockroach the heart is 13-chambered,
Vessel present in the

pericardia placed in mid-dorsal

Region blew terga in abdominal region.

On the side of the pericardial sinus

there are alary muscles helping in the

Flow of blood. Each heart chamber

Has a pair of lateral openings, the ostia.

9. The dorsil Véssel-¢

8. There are three main longitudinally
running blood vessels, dorsal, ventral and
sub-neural, which are interconnected thrs‘ugh
capillaries and commissural vessels. 2

] silects, bippd from ithe
14" segmeni puckvralds, Ir. the \fivst*' 13
segments it becomes, Uisiriutirg channel and
<e11 g, its+bioad t kearts and anterior end of
&el addy. Ventral vessel is the chief
distributing vessel with backward flow. The
subneural vessel is collecting vessel and the
flow of blood is backwards. It communicates
with  dorsal blood vessel through
commissural vessels.

8. The portion of/the tukular do.sal ./e;
which extends.ip-iiie; *h(,ruu, aiidhead region
it called thel"aoita!. It aper(s ‘anierisily in the
haernnchel c‘r the', hﬂao lyy funnel shaped
opﬁnrq

9..The flow of blood from heart to, aorta to,
haemocoel in head, to perivisceral sunus, to
perineural sinus, to pervisceral sinus, to
pericardial sinus, and to heart through ostia.
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Commissural
Lateral Hearts Dorsal blood vessel blood vessels

G Y 57 7 A0 WY NN

) '
" ol 1 W e oo M WL 5 W A e 2
JW O Capillary

Ventral Subneural
blood vessel blood vessel

Fig. 14.15 Closed circulatory system of earthworm

net works

— ——— i

Fig. 14.16 Open circulatory system of cockroach, (a) The heart with alary muscle g Jiaphragn @
T.S of cockroach through thorax showing various sintises. L

o
: ir24 07 g circulatory system,

veins). All vertebrates have closed

Arteries break into fine blood vessels, the capillaries. These join to form veins which
bring blood back to the heart.

o The capillaries are sites where exchange of materials between blood and body tissues takes
place.
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14.5.2(a) Evolution of Vertebrate Heart
Heart of fish is Single Circuit ) _ o
The heart of fishes have sinus venosus, an atrium, a ventricle, and k!fous arterigste or,

conus arteriosus.

Sinus venosus receives deoxygenated blo¢d 'from the, liodys, and, than' kloag iy massed to

atrium, which on contraction passes Ii to ventricle:

Ventricle has thick muscuiar wall

When the muscles of ventricle contract, ithey | Wle neart cf+he Tishes-never receives
push thaleod via caivis.artariosus er kullcus —1-0xygenated blood. It is only the

arteriost=={rorimal svcllen pertion, ofvertral
aorta). 3 _
Taus| the, heert'cf 1isies works as a single

cirelitheart,

“.rhe-biood flows in one direction only,
from sinus venosus to atrium then to
ventricle and to ventral aorta via bulbus
arteriosus or conus arteriosus to the gills
and then to the body. The blood returns to
the heart in the sinus venosus.

The oxygenated blood is supplied from

deoxygenated blood which passes
through different chambers of the heart.
The valves present in the heart control
the flow of blood in single direction i.e.
sinus venosus — atrium — ventricle-
conus arteriosus — ventral aorta — qills
— dorsal aorta — body — sinus venosus.
So the heart of fishes functions as a
single circuit heart.

dorsal aorta through coronary arteries, to_
tie heart and is carried back by coronary veins from the heart.

Heart of Amphibian is Double Circuit

F =

In amphibians the heart is three chambered with regard to auricles and ventricles. There
are two auricles and one ventricle.

In addition, sinus venosus and truncus arteriosus cire
also present.

Sinus venosus receives de-oxygenated blood from two
superior vena cavae (precavals) and one inferior vena
cava (postcaval) from different parts of the body.

This blood passes to the right auricle.

The oxygenated blood from lungs is poured via
pulmonary veins into left auricle.

Both auricles contract simultaneously and blood is
passed into the ventricle.

There is a complete mixing of oxygenated and
deoxygenated blood in the ventricle.

When ventricle contracts, it pushes blood via truncus
arteriosus, to two carotids, two systemics, and two
pulmocutaneous arches.

(e
v nlabive

To bodyr

J To body
. d T body

To langs
& skin

To body <%~

To lengse
& skin
Pubmonnry
vem

. Laft atrlum

Right strium
Scptem

Sings venosus

= Vientricle

'\L_J)‘

| “igy, 1428 A schematic comparison of vertebrate heart and circulation of blood. (A) In modern fish the

3iood is pumped to the gills, where it picks up oxygen. The oxygenated blood (red) then passes without

further pumping to the systemic circulation, where It gives up its oxyFen before returning to the heart. (B)

In amphibians the blood that has picked up oxygen in the gills and/or un%s returns to the heart, from which
the

it is pumped into the systemic circulation. Extensive mixing (purple) of ulmonary and systemic flows
occurs in the heart. (C) In reptiles the pattern is much the same, except that the ventricles are partially
d|V|ded,dso less mi ting takes place. (D) In mammals and birds the two halves of the heart are effectively
separated.
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Heart of Reptiles

. The heart of reptiles and all other amniotes \ :
practically functions as four chambered heart. Jugular vein ) :;{"wsd
There are two auricles in the heart of reptilgs.| S 3

o The reptiles have incomnletely partiticned| " Svperiar i N capillaries

ventricle; but in crocodiles, the igrventriculan fona
septum.— is™, complete —ard heart is four,
chamberzd

o In all rentilés e izft and nghf oystemlc arches
carry ox\ygeratad Klosd and arise from a region

S veninieie called cavum venosum - into

1% ‘which left ventricle directs its blood.

o The deoxygenated blood from the right atrium
is directed towards the entrance of the 18 . Kidney
pulmonary trunk which is also located or starts
from a pocket the cavum pulmonale, on right
side of ventricle - in the animals (reptiles)
which do not have completely divided

Pulmonary
artery

Heart

Intestine

Femoral vein

ventricle. Femoral |

. Although the two systemic arches start from Nty ‘ ,\
the ventricle separately, they are also ! A
interconnected at their base by an opening. The : ‘4

heart of reptiles birds arid mammals functions

as double circuit heart. ()
Heart of Birds and Mammals '(
o In the birds and mammals, the heart is four - ‘

chambered, and oxygenated and deoxygenated

blood does net mix at all.

o The pulmonary trunk arises from right
ventricle and leads to the lungs. Fig. 14 19: The human circulatory system
o The aortic trunk emerges from the left ventricle ana 1eaus 1o caroua anu systemic arcres.
o The left systemic disappears in birds and right systemic, most of it, disappears in
mammals.

Pulmonary Circulation fal\!
In reptile, birds and mammals, as a result of these mOdIflcatI(‘“.'T dll elond letu rln( ol f
the right side of the heart passes to the lungs. " — - [ o YO~

o After oxygenation, blood retyrns t0. Ieft atrizm, 1ro n *he rur s via p'ulr 1011y veins.

o Left atrium passes this blond, to-ieif Vefitricie w'rmh or tontractioh numps it to different
parts ofth? Lody, And-agairy bizor retutns we-ignt-atsum.

o Pulmoiz V) circulation is l‘.y gl m»ry arch carrying deoxygenated blood from rlght

ventricli ¢f} hegrt \tc Iums arid the blood returns to left atrium after oxygenation via
pulm nary veirist ”

:Q,'%tt'mflf, ~irculation

'o_ Cikewise the systemic arch distributes blood to different parts of the body, and then the
blood from the body returns to the heart, in the right atrium via precaval and postcaval.
This is systemic circulation.

o So the hearts of amphibians, reptiles, birds and mammals have both pulmonary and
systemic circulation.
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14.6  TRANSPORT IN MAN

In humans, in addition to blood circulatory system, there is also another fransport systein.
the lymphatic system, described latter in this chapter. '

14.6.1 Blood circulatory system
The circulatory system of qJumans. fave tne-zare 3\besic to! np oren’s.

(A)  Circulating Tluid: Theticod '

(B)  The puisaing'grgaiis The haart! ™

(C)  Thehlogd vesee!s:-A-r_te.rics,' capillaries and veins

14.6.2 5 Td Cirsulatsiy Fluid —The Blood

I Tne blood is the medium in which dissolved nutrients, gases, hormones, and wastes are
transported through the body.
It is made up of two main components,

0] Plasma

(i) Cells or cell - like bodies (white blood cells, red blood cells, platelets).
The weight of the blood in our body is about 1/12" of our body.

14.6.2(i) PLASMA
It has been estimated that in a normal person plasma constitutes about 55% by volume of
the blood, and cells or cell-like bodies about 45% by volume of the blood.

Composition of Plasma

o Plasma is primarily water in which proteins, salts, nutrients and wastes are dissolved.
Water constitutes about 90% of plasma, 10% are dissolved substances. Most of the
dissolved substances are maintained at a constant or nearly constant level, but others
occur in varying concentrations.

o The substances dissolved or present in plasma vary in their concentrations, with the
condition of the organism and with the portion of the system under examination. The
solutes can be divided into six categories:

o Inorganic salts (ions)
o Plasma proteins -
. Organic nutrients - N\ AT N (oMo~
. Nitrogenous waste produc’s | . \ ' N
Special 1 nre sdiicts being-tran ‘portej anan gases Wrmh e dlssolved
1 Inorgaiis iond o" minéral joifs. Tanethei the inorganic ions and salts make up 0.9% of

the nlasina, of hiumairs, b2y wveight; more than two thirds of this amount is sodium chloride
* heordinany @ole salt.
“Even if the total concentration of dissolved substances remains the same, shifts in the
concentration of particular ion can create serious disturbances.
o The normal pH of human blood is 7.4; and it is maintained between narrow limits,
because the change in pH would affect the chemical reactions of the body.
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2

o o

The plasma proteins constitute 7-9% by weight of the plasma. Most of these proteins
are synthesized in the liver. =20y
Some of the globulins, called |mmunoglobullns or antibedies; aua.praddwd in_regngs e
to antigens, by lymphocytes; and t{iéi are ras. (u 0 olasmg and lympn. Thejsroteins like
prothrombln acts as a catal; /st in-ui o (. |OL[|1g Lrokess. -

Fibrincger: tckec paitan the! b|u0u clatting pmrcss .mmunoglobullns play important role
in body's defe Aes anainst cisease:-

Crgenic nuiribnts in-the blood include, glucose, fats, phospholipids, amino acids and

1304 ¢rids. Some of them enter the blood from the intestine (absorption).

Lactic acid is produced in muscles as a result of glycolysis, and is transported by blood to
liver.

Cholesterol is an important constituent, it is metabolized to some extent, but also serves
as precursor of steroid hormones.

Plasma also contains nitrogenous waste products formed as a result of cellular
metabolism. These products are carried from the liver where they are produced,

All the hormones in the body are carried by blood - so they are present in the plasma.
The gases such as CO2, O- are present in the plasma of the blood

Red blood
stem cell

Phagocyte
stem cell

)

9y O 0

@ ‘s Lymphoid stem cell Lymphoid stem cell

) (bone yarro“) (thymus) ]
Red blood & \|

A * Modaocm b

cells 4 @ _
o0 8087
AR T Lymiphoeyte

Other-
g | Phegoevte:

.

\ B Lymphocvte

Plasma cell Macrophage
Fig. 14.20 Red blood cells (erythrocytes) and white blood cells (leucocytes) develop from stem cells in bone marrow.

329



Chapter—14 Transport

14.6.2(i1)) BLOOD CELLS AND CELL LIKE BODIES:

These include

o Red blood cells, (Erythrocytes)

o White blood cells (Leucocytes)

o Platelets (Thrombocytes)

14.6.2 (ii) (a) Red blood cells (Er /tnch,/Les\

Amount of RiC¢
These &= raobt nuirerous (T.th-? celis.in thedlood. A cubic millimeter contains 5-5'2
million of ttierhlin'males, ara-4-4/, million in females. These cells, when formed, have
nucleus, but it is\lzst before they enter the circulatory fluid or blood.

I-'urcn e
95% of the cytoplasm of red blood cells is the red pigment, called haemoglobin the
remaining 5% consists of enzymes, salts and other proteins. The red cells once mature,
do not divide.

Synthesis of RBCs
Red blood cells are formed principally in the red bone marrow of short bones, such as the
sternum, ribs and vertebrae. In the embryonic life, they are formed in the liver and spleen.

Life Span of RBCs
The average life span of red blood cell is about four months after which it breaks down
and disintegrates in the liver and spleen - partly by phagocytes by phagocytosis.

14.6.2 (ii) (b) White blood cells (Leucocytes)
These blood cells are colourless, as they do not contain pigments.

Amount of WBCs
One cubic millimetre of blood contains 7000 to 8000 of them. They are much larger than
the red blood cells.

Types of WBCs
There are at least five different types which can be distinguished on the basis of the shape
of the nucleus and density of granules in the cytoplasm. They can be grouped into two

main types,
o Granulocytes
o Agranulocytes

Granulocytes
Granulocytes, include
o Neutrophils
Eosinophils - . ST A
Basophils AP IR N N E~ A 1>
They are formed in the red-t9ne rmrrow - -
Agranulocytes \ -
Agranttecivtes are forsiied, in I Lmihdaid! Ussus, suc. as those of the lymph nodes, spleen,
tonsils,-auendids ?..'1 the thy“nvs Agtaruiocytes include
. Monocyites | |
o _~ l.vmpho yl_ﬂ,(s and" T)

M O:ﬂ d;‘,")H tS‘__

ivlonocytes stay from 10-20 hours in the blood, then enter tissues and become tissue
macrophages, performing phagocytic function.

Lymphocytes
Lymphocytes have life spans of months or even years; but this depends on the body's
need for these cells.
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Function of WBCs

. Leucocytes protect the body against foreign invaders and use cwculatory s ,—3tﬂm to trevef!' ALY
to the site of invasion. — [~ U

o Monocytes and neutrophils travelthrough t'aplllar|e° um reechtwe ite] r.fnruun where
bacteria have gained entry . LA A N B

o Macrophages and neutropt I|S fE‘cL‘- mn'b 1cter al-mvod Ars ¢ re thc. ‘fo| e-'gn cells, including
cancer r:elas — W VL L

o They tysis ally dierin tne pl D“e*s ar.f f*elr uead bodies accumulate and contribute to the

white subsience) calltd pus _seen at infection sites.
Tk llmbphnf pde e neparm a substance that inhibits blood clotting.
~ P 4' | % i<k @so produce chemicals, such as histamine, that participate in allergic reactions and
INTNIR '- - in responses to tissue damage and microbial invasion.
T Lymphocytes help to provide immunity.

Fig14.21. A macrophage in Action

QUESTION RELATED TO ABOVE ARTICLE
Name and describe the general functions of three major types of cells found in the
blood of humans. Which of the cell types is predominantly in lymph.
(Exercise Question vi)
14.6.2 (ii) (c) Platelets
These are not cells, but are fragments of large cells called megakaryocytes. There is no
nucleus in them. There is no pigment in them.

Function of Platelets N 2 '.' , RIRR
. Platelets help in conversion of fibrinogen a soluble plasma.grefain; ||1tg) mooluhle 'f(_}r. s
fibrin. The fibrin threads enmesh reg- blood ce!lC andolter; omte-k:@ in 'th'n aiea 4
damaged tissue, ultimately;icrming; {ﬁblroq cI('t-, '". ". '-. .
o The clot : serws asa temporafy “.eal to L;)re\len b Pedlng th_i the damaguu tissue can be
repalre.J AW —~ ) | P

i \‘v-f dnonu
/

= I II. |1 .'- II'. ! I'. b
- RN '-."ll S
TN ] AN
NI W - '

%l
5 5
(W |

Pintelets
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Fig. 14.22 The production of platelets.
= w7

Fig.L1‘4.23 Blood clotting

14.6.3 Functions of blood
The overall functions of blood in humans can be listed as follows:

() The plasma proteins maintain colloid osmotic pressure of the blood (75% by albumins,
25% by globulins and almost none by fibrinogen).

(i)  Blood helps to transport materials, in the body including nutrients, water, salts and waste
products. All hormones are transported by blood from the endocrine issues to the target
cells.

(ilf)  Gases Oz and CO- are transported by blood.

(iv)  Blood helps in body defenses against disease, neutrophils and monocytes engulf and
destroy invading microorganisms e.g. bacteria.

(v) Blood provides immunity by the lymphocytes.

(vi)  Blood produces interferon, and antitoxins which are proteins, and protects our body from
nucleic acids and toxins of invading organism.

(vii) Blood acts as a buffer to maintain the acid- base balance i.e. concentration of H" and

OH ions of the body.
(viii) Helps in maintaining the body temperature, concentration of water and salts, thus helps

in homeostasis. =~ 0\
(ix)  Wall of Blood helps in the exchange of materials between blood and Ud“tl&nue m.uj 1h'- 1RRER

blood capillaries via interstitial fluid. o 8 | S
(x) Blood helps the body in malntalnu.g the injezmal’ er virc nmem by p.r)m!\,.ng heparln
histamines, and also main: amlna tre .amownts (f Lhémucal’- inciud: ‘ng water and salts. In
the body and maintaings hoc,.y I«emnexatu €0 a c'p 'lstoll"" crivearly :
(xi)  Helpsin 'blood c;i'"oftm3 pl recs &np S(a s fhe- wounds that stop entry of pathogens into

body.
EL S, T&' NR ELATED TO ABOVE ARTICLE
| \ ~!J Jc'rrt:a the <compositor and function of blood plasma. (GRW 2005)
F J K\ “Wirite not erythrocytes. (GRW 2006)
s T Write a comprehensive note on functions of blood. (LHR 2017)
o Describe the composition of blood plasma. (LHR 2019, FSD 2019)
Enlist any eight functions of Blood. (DGK 2019)
Explain various function of blood in human. (LHR 2021)
Enlist different functions that blood performs in human body. (GRW 2021)
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14.6.4 DISORDERS
There are certain disorders, related to the blood. Some of them are dlscucscd helow:— /
14.6.4 (i) Leukemia (Blood Cancer) *

o It is the result of uncontrolled production of white bioca, ceils (fzticocytes).

o This is caused by a canceraug mutazion of 2-myelogenoid, o Fmiphogenous cell.

o The leukeriia is usualty-charatterizea by greaily.incieased numbers of abnormal white
blood ¢etisiin'tae eizculating biad:

o Myelogenous cells _(b_)rp.'r.'.arrow cells) are in the bone marrow and may spread

threlughaut tHre-abdy, so that white blood cells are produced in many other organs.
o[ 1| “These white blood cells are not completely differentiated, and so are defective.

0 Leukemia may be of different types depending on the type of white blood cells, which are
undifferentiated and being produced at a faster, than normal rate.

o There may be neutrophilic leukemia, eosinophilic leukemia, basophilic leukemia,
raonocytic or lymphocytic leukemia.

o It is a very serious disorder and the patient needs to change the blood regularly with the
normal blood, got from donors.

o It can be cured by bone marrow transplant which is in most cases effective, but very

expensive treatment.
14.6.4 (ii) Thalassaemia (G. Thalassa = The sea; haema = blood)

o It is also called Cooley’'s anaemia on the name of Thomas B. Cooley, American
pediatrician.
o It is a genetically transmitted haemoglobin abnormality. It is characterized by the

presence of microcytes by spleenomegaly (enlargement of spleen) and by changes in the
bones and skin. The blood of these patients is to be replaced regularly, with normal
blood.

o It can be cured by bone marrow transplant which is very expensive and does not give
100% cure rate.

o Haemoglobin molecule in most cases, does not have (3-chains in it, instead F. chaln |s e

present (F is foetal haemoglobin).
14.6.4 (iii)  Oedema .y

o It means the presence of excess fliid in th tsv Gns o’r t1e D d) The xness-fald may be
in the cells, or outside the ‘eL‘s ) R L '
. The mtracel ‘ular oedeiia \is '\ Latised bv 'WmCSuS feh water into the cells, and cause,

depressiz in'of rnetmolﬂc sy wenis (G 10 lack of nutrition and O2 in the tissues) especially
and the Na-puirm. ' i
o The extraceletar oedema may be the result of:

AR Abrormal leakage of fluid from the blood capillaries or failure of the lymphatic system to

return fluid from the interstitial fluid.

(i) Oedma is caused by renal retention of salts and water.

o Oedema disturbs the exchange and concentration of minerals and ions in the blood and
body cells, affects blood pressure, increases heart load etc
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14.6.5 Pumping Organ —The Heart
Structure and Action o P
Location of Heart — [~ (CALVYT
The heart of humans is located in the chest batmty e 7o \o—=""
Pericardium SARIR R At
The heart is enclosed in a dcuble nemhrcnoue. ,ac t[ﬂe nerizal d.al Vawty, which contains
the perizaiiel fluid. Pb.'.naidmm prqté ts ihe héarf,_c-icvents it from over extension.
The wallT the neart is col aposed of thiee-ayers;
() Eplcardﬂum Wi ARRP] )
(i) . Mivolarcium, |1\
- __tll)] ‘ﬂ ffc:uu.,..n -

E_-."._il-!._h.-jl | '-_L. i‘\/lyocardlum of the heart is made up of special type of muscles, the cardiac
J o These muscles contain myofibrils, and myofilaments of myosin and actin.
o Their arrangement is similar to those in skeletal muscle fibres, and their mechanism of

contraction is essentially the same, except that they are branched cells, in which the
successive cells are separated by junctions called intercalated discs.

o The heart contracts automatically with rhythmicity, under the control of the autonomic
nervous system of the body.
\.‘ ﬂv Pulmonary artery
Superior b (10 foft Bung Semilunar valves

vena cava
Pulmonary artery \'-,
(to right lung) ™3
Pulmon-y veins

4'-'we'| 'Ea'at\:-dvn I.'r“.:-. WAL
) Left ventrick:— mf.u:,;H;:' g | "."_-
. - Vq.‘\t.riil:ukﬂhuf-'(wn ! L . e ":_.-__.'-'- -
Inferiz| dmysdge | | L L L [ =
Atrioventricular valve Veuaw'.u _ :w:l,{.lmm'le ". I'u II'-. L ||I
(MC!BPK‘J—I = .II f . L [
IV
= .I". \ \ ng 'i4 241 'I'heq”tsrn\e,-'ﬂmrt and |ts valves and vessels.
Chambers of tne F-Jeant | 'u *,
-\ T@M art fupur charbers of the heart:
- ,J | "|”‘ J | Wi o uper thin-walled atria, and
AN "ol " Two lower thick walled ventricles.
o Human heart functions as a double pump, and is responsible for pulmonary and systemic

circulation.
. Complete separation of deoxygenated blood (right side) and oxygenated blood (left side),
in the heart, is maintained.
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Intescalated disc
with many gap junction nucleus

Fig 14.25. The structure of cardiac muscle

Circulation of Blood

J.

The right atrium receives deoxygenated blood via venae cavae from the body. The blood
is passed on to right ventricle through tricuspid valve (called so because it has 3 flaps).
These flaps are attached with fibrous cords called chordeae tendinae, to the papillary
muscles which are extensions of the wall of the right ventricle.

When right ventricle contracts, the blood is passed to pulmonary trunk, which carries
blood via left and right pulmonary arteries, to the lungs.

At the base of the pulmonary trunk, semilunar valves are present.

After oxygenation in lungs the blood is brought by pulmonary veins to the left atrium,
which passes this blood via bicuspid valve (called so because it has two flaps) to the left
ventricle.

The flaps of bicuspid valve are similarly attached through chordae tendinae, to papillary
muscles of the wall of left the ventricle.

When the left ventricle contracts, it pushes the blood through aorta to all parts of the body
(except lungs).

At the base of aorta semilunar valves are also present. The valves of the heart control the
direction of flow of blood.

The wall of left ventricle is thicker (about 3 times) than that of the right ventricle.

At the base of aorta, first pair of arteries, the coronary arteries, arise, and supply blood to vy =

the heart. ]|

The aorta forms an arch, and before descendmg down gives: u.refI' hnar*cne~ suppl\f rru fa e

blood to head, arms and shoulders. The aor'ra 1escer‘ :-,u,ow*‘ mme whesy ce\;;t\,n )

It gives many small branchss to the'c hest wall ang then paJ.ses Gown tuthe abdominal
region. Here it gives branchen wisich! s'ljpply b.'ésoc' T') dlﬁfefer ot pans .'Of alimentary canal,
kldneyc-am the lower- audo'{neri AR\, —

The acea E"ﬂ'"pa['“" intq) isfec ﬂité\@s eack of WhICh leads as femoral and sciatic artery
SUI0I0|yll"9 '.'O-louclt(, lhgd, | |0

. The rl)lood fiora the ﬁ'"’-per part of the body is collected by different veins, which join to

chl‘n superid-vena cava; which pass its blood to the right atrium.

Two lliac veins are formed by veins which collect blood from legs, and unite to from
inferior vena cava.
It receives renal vein from each kidney; and hepatic vein from the liver, before it enters
the right atrium.
The liver receives hepatic portal vein which is formed by many wveins collecting
deoxygenated blood with absorbed food from different parts of alimentary canal.
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14.6.6 The Cardiac Cycle

It is" the sequence of events which take place during the completlon of-cne hearf hﬂar i\

Heart beat involves three distinct stages. — [ ]
Relaxation phase - Diastole. P ' | |

The deoxygenated blood enters right atr-'-n tnrouch Vena vava, anrJ o;\,genated blood
enters left atrium through ul! noncry Veins.” - |

o The watiz Df'the atria and-that ‘of vertricles-aie 12icee
o As the atrie, ate filied with ! mc,u thie 2 kecome dlstended and have more pressure than the
ventricles.' |
o o] hi5 elaxed! oe = of heart chambers is called diastole.
| ]’ \ _Atu L Gontract - Atrial systole
[RH ] Ne The muscles of atria simultaneously contract, when the atria are filled and distended with

blood, this is called atrial systole.

o The blood passes through tricuspid and bicuspid valves, into the two ventricles which are
relaxed.
. Ventricles contract - Ventricular systole
o When the ventricles receive blood from atria, both ventricles contract simultaneously and
the blood is pumped to pulmonary arteries and aorta.
o The tricuspid and bicuspid valves close, and *lubb* sound is made.
o Ventricular systole ends, and ventricles relax at the same time semilunar valves at the

base of pulmonary artery and aorta close simultaneously, and ‘dubb’ sound is made.
(Lubb, dubb can be heard with the help of a stethoscope).

o One complete heart beat consists of one systole and one diastole, and lasts for about 0.8
seconds. In one's life, heart contracts about 2.5 billion times, without stopping.

Oxygen-depleted
blood toLungs

Oxygen-rich
blood to body -

| Oxyym rir \

N oo fram A
e b L + ! » T l
Oxygen-deplered | 18T | .
blood frar body) |
[, J I-_- W T .' N — la) Atrla contract (b) Ventricle contract (c) End of cardiac cycle

| LY
1 i

Fig14.26. The cardiac cycle
QUESTION RELATED TO ABOVE ARTICLE

Define cardiac cycle. Write its three distinct stages.
(GRW 2018, SWL 2019, MTN 2021)
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14.6.7 Mechanism of heart Excitation and Contraction

The heart beat cycle described above starts when the sino-atrial node (Pace-maker)-af ine ANy

upper end of right atrium sends out electrlcal impulses to the atr al mut:uan, and causn ﬂ'
both atria to contract. (

The sino-atrial node consists of '-1 Ssmall 1u1ber f! uﬁu I) crrie,lteo'r-Cardiac fibres,
possessing few myofibrils; arml fewinenje r-ndlr gs 1rom e eutsiomic hervous system.
Impuls:s T'om the-node travel ic'the miiscetature-cf the atrium and to an atrioventricular
node. Exara it)an atrio\/entric 'ar turdie"of muscle fibres propagates the regulatory
impulses ra P(CE-tabk fitresin_ interventricular septum, to the myocardium of the
ven[rlcle, 1l

Wihere s delay of approximately 0.15 second in conductance from the S-A node to A-V
node, permitting atrial systole to be completed before ventricular systole begins.

© ™o sinaatsial node
chctaicol signal starts —
U atrlal contraction 5

Pt [ Unexzitabe tssue
| Sepateies the atra
1 nd ventricles

(2] The signal spraads,
€ The atroventricatas

causing the atria to [ F -
I\ &
nods transmis the -

Loonict
signal 10 the ventides |
 witha slightdeley |

Omn.gm(mmm |
the base of the ventrices — =

© Eccitatic Nbers transmit ‘ >
e signals 1o venincu dr
cantiac muscle, causing
contmaction Kom the hase
up e &

Fig 14.27. The heart’s pacemaker and its connections

14.6.8 Electrocardiogram

As the cardiac impulse passes through the heart, electrical currents spread into the tissues
surrounding the heart, and a small proportion of these spread all the way on the surface of the
body

Atriad
Atriad Ventricular ventricular
Wy vtoke syvtole diaviobe

[F‘* - ® | .". .l

=mee *"” = --—«—'I
A norma-i‘ elec "OCa.dn-)graFn' (Ee(ﬁxmd ‘cates that the heart is functioning properly. The P

wave ou:uM just priar o) atriad-contraction; the QRS wave occurs just prior to ventricular
., Gont nactnn and the ‘Fwave occurs when the ventricles are recovering from contraction.

;-| | x*.|t| Qe ciFodes are placed on the skin on opposite sides of the heart, electrical potentials

generated by these currents can be recorded.

This recording is known as electro cardiogram which is taken by electrocardiograph
(E.C.G.) machine.

It helps to diagnose the abnormalities in the rhythmicity and conduction system of the
heart which may be corrected by the use of artificial pacemaker.
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14.6.9 Artificial pacemaker
Pacemaker is responsible for initiating the impulses which trigger the heart-eat rate-

o If there is some block in the flow of the electrical impulses. or i the| Impd""-‘S initatent by
S.A. node are weak; it may lead to death ot tha indivigual. - \

o So an artificial pacemake., which-#5 baiiery opvraied-pr )duc-ing e'ectrlcal stimulus is
used. -

o For examle| if-A-V "\atwwav 12 LIo hnd ihe electrodes of artificial pacemaker are
attached to the, vertricie.

o Theri this peceiakarisiovides continued rhythmic impulses that take over the control of

Y *'I’L’ yaninchis”
- 14 o 16 dlue babies

o Failure of interatrial foramen (an opening in the inter-atrial septum) to close or of ductus
arteriosus to fully constrict results in cyanosis (blueness of skin) of new born.
o This is due to mixing of blood between two atria and the mixed blood is supplied to the

body of newborn babies resulting in blueness of skin thus the name blue babies.
14.6.11 Blood vessels
The third component of the blood circulatory system of humans comprises of the blood

vessels,
. Arteries
o Capillaries
o Veins

14.6.11 (i) Arteries
These are blood vessels which carry blood away from the heart to different parts of the

body.

o The wall of the arteries is made up of three layers, outer, (made of connective tissue and
elastic fibres), middle (made of thick muscular tissue and elastic fibres) and inner,
endothelium.

o The contraction of the circular (smooth muscles) of arteries and arterioles is under the

control of nervous and endocrine systems. When stimulated the muscle contract!
constricting the arterioles (vasoconstriction) and thus reducing the flow of blood in them.
When the muscles are relaxed the arterioles are dilated (vasodllatlon) moie blood-flgwes - | |
in them, »'§ their bore is increased. - T -
o The arterioles themselves divide. repeatnd‘y LNk lhe\ forin d.-ansc,n:l.:i.mrk' of
microscopic vessels, callef‘ \Aplllan igts. A ' -
Avrterial disorders
Atherosclerosis)(G. atheie: Z oorl |due, sk lenris = Imrdenmg) It is coeX|st|ng atheroma and
arterlos,lems“, atheroma i5 de*;x,c'*.w of hard yellow plaque of lipoid material in the in
tier mos; layer of the\arieries, which may be due to high level of cholesterol in the blood.
o [T Ericecterosis 1s degenerative arterial change associated with advancing age. Primarily
J SO ' thiickening of middle layer of arteries, and usually associated with some degree of
" atheroma.
o So Atherosclerosis causes narrowing and hardening of arteries. This increases the risk of
formation of thrombus (see thrombus formation), and if thrombus is formed in the brain
or heart it is fatal. Atherosclerosis is a major condition leading to heart attack.
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14.6.11 (ii) Capillaries
These are blood vessels with walls that are only one cell thick. -

o Although the blood appears confined within the capillary walls;-the izt are, pe/theahle’
with the result that water and dissolved sibdtances sass in-and.out exghangiia oiegen,
carbon dioxide dissolved foad and'excretary praducts viithithi tissues aroaiid capillary.

. The capillary network is sy densel that ne( Tivitig calt is\tar frewi a/sUpply of oxygen and
food. In-theliver.every-callvis/in'ditect Lortast-with a caplllary The diameter of a
capillarecan' he aitefed by rérvous stifmdlation, which tends to close them, and by
chemicagls, duchias histaminz,~which dilate them.

e .~ Thelcharge dn eler is brought about by a change in the shape of the cells, constituting

N Whed veslis, The pre capillary sphincters also regulate the amount of blood flowing in
L[ %) capillaries.

o Thus the amount of blood flowing in a certain tissue is controlled.

The capillaries are the sites where the materials are exchanged between the blood aid
body tissues. This exchange occurs in three ways.

) Active transport and diffusion through the cells lining the capillary wall into the
interstitial or extracellular fluid, and then to the body cells, and vice versa.

i) Through the intercellular spaces of endothelial lining of wall of capillary to and from the
extracellular fluid.

iii) Materials from the cavity of capillaries are also taken up by endocytosis, and then passed
to the other side by exocytosis. Same is true for some materials entering from the
intercellular spaces (extracellular fluid) into the blood.

o Thus the exchange of materials takes place between blood and tissues via extracellular or
interstitial fluid.
o Capillaries join to form venules, which join to form veins.

14.6.11 (iii) Veins
These blood vessels transport blood from body cells towards heart.

o The wall of veins has same three layers as are present in arteries. But middle layer is
relatively thin and only slightly muscular, with few elastic fibres.

o The semilunar valves are present in the veins.

o These valves prevent the back flow of blood, as it is moving towards the heart.

o The pressure of surrounding muscles, when they contract, tends to squash the veins and
assist the return of blood towards heart. ’

o Veins join to form larger veins, and ultimately form venae cavae. (Irifei lr‘. vefa ¢aya apd'
superior vena cava) which pourthe blood ifit¢; the right aivium g the hkai Ly

. The oxygenated blood fromthe lu: \ge is brnugh [ tne 1eft At |um by [ uh.‘anary veins.

P teadpibudar e

e |y | e | e o

.4' \au-r - / \

Nitrogenous \ o
wasies \ |

Water e’
Cuptilery Body cull

The exchange of gases and autriests bo o capillary,

Fig.14.29 The exchange of gases and nutrients in a capillary.
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The pressure within capillaries causes a continuous leakage of fluid from the blood
plasma into the spaces that surround the capillaries and tissues. This fiiid, knoam-as
interstitial fluid consists primarily of water, in which the disschvec niitrients, h(rmones’
gases, wastes, and small proteins from the 5iCod are sreseit. '

Large proteins red blood.zells and pI?*“ ety ‘cannnt| Gross' the inte rce-.ular spaces of
capillary wall, so they remaitt witiin tepiflaries, But'scme ‘white biood cells can squeeze
out threegn t'he interceiiulal spaces of cepitlary watk

Interstici!! flLid i5"the mepiuri-thicugh Wwhich the exchange of materials between the
blood and neaiby ced coours—

COMPAR SON IN STRICTURE AND FUNCTION OF AN ARTERY, CAPILLARY AND VEIN

| [H‘] Al ORrteries | Veins | Capillaries |

| These transport blood | These collect blood from | These link arteries with veins.

1| away form the heart to | body through capillaries
the various parts of the | and transport it towards
body through capillaries. | heart.

All arteries carry | All veins carry | These have mixed oxygenated

2 | oxygenated blood except | deoxygenated blood | deoxygenated blood.
pulmonary arteries. except pulmonary veins.

There are no valves in | Valves are present. These | There are no valves.

3 them except at the base of | prevent the back flow of
pulmonary trunk and | blood.
aorta.

4 Have high blood | Have low blood pressure. | Falling pressure in these.
pressure.

Wave of blood pressure | No pulse. No pulse.

5 | of pulse due to heartbeat
can be detected.

Blood flow rapid. 400- | Rate of blood flow | Blood flow slowest less than

5 500mm per second in |increase from smaller to | 1mm per second.
aorta and decreasing in | larger veins.
arteries and arterioles.

7 Have smaller bore and | Have larger bore and thin | Larger bore; wall one cell in e
thick wall. walls. thickness N .
Thick muscle layer and | Thin muscle layer and less | No muscles r elastic fidies| | [ )

g | elastic fibres present. The | elastic fibres,-So they are-(- | | 773 | ™=
elasticity helps changing the | |ess F,d‘m ' N
pulsating flow of blood. | |

9 | No exchanae of materials. | | N9 ex._h;‘@B_n;E.ZE _'_'-"\sponslb'b‘or exchange of materials.

o
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{ | L

‘_l“Connectrvetissue e JU\ I % Cowec-wcusswc e

L

Circular
;mooth mu di

4 lastv’ 'ayef

Smooth muscle

Elastic layer
| Endothelium

(a) Artery (b) Capillary (c) vein

Fig 14.30 Showing the comparison in structure of artery, capillary and vein

14.6.11 BLOOD PRESSURE AND RATE OF FLOW OF BLOOD

It is the measure of force with which blood pushes up against the walls of blood vessels.
It is the force that keeps blood flowing from the heart to all the capillary networks in the
body.

This pressure is generated by the contraction of ventricles (ventricle systole) and is the
highest in aorta, then gradually reduces in arteries.

The walls of arteries are elastic and the flow of blood stretches them, and it is felt as
pulse.

During diastole, the relaxation phase of the cardiac cycle, the heart is not exerting
pressure on the blood in the arteries and pressure in them falls.

The pressure reaches its high point during systole (systolic pressure which in normal
individuals is 120 mm Hg) and its low point during diastole (diastolic pressure which in
normal individuals ranges between 75-85 mmHg).

The blood pressure gradually declines. The decline of the blood pressure in successive
parts of systemic circuit, is the result of friction between the flowing blood and the walls
of the blood vessels thus blood moves from a region of higher pressure towards a region

of lower pressure. 1 w2}

1|

Several other changes occur along the route of blood flow. S ARV WY

The difference between systolic and dIanO|IC pressure “'mtlrqu tr‘ dm mrhd.
it disappears in the capillaries and veins. '. \ « WA VSN B L

The rate of blood flow terds to fait-as tie_ ld, od 'nuve< thrdug'h tt i€ lbra mchmg arteries
and arterloles the rate is ICWe& in ! he L a["lli"-ll’h'“" diid increases aom.n in the venules and
veins. | |'., \ \ -

These c.lome~ nfaie r)1’ bh.pd 1; '“\M.csult from changes in the total cross-sectional area
of th° vest »el ')stOn. Tl='fiow of blood in veins is maintained by the contraction of

| <L4vp|undfncr myscies and the action of semilunar valves which prevent back flow of
“*!uio od.

Muscular activity including breathing movements help normal flow of blood in the blood
vessel.
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IN IR R v\

Velocity (cm/sec)

Horva | |
L

| Arteries
( ross-sccticnal———‘_ﬁ i A
aren ST | Arterioles
Capillaries
. "\-‘ A Venules

Veins

Vena cava

Fig 14.31 (b) Change in the velocity of blood flow in the various parts of a systemic circulatory pathway.

Systolic
pressure

120 \ /\ F\ AI n
= 100 ] - An | Mecan pressure
= V ] value
E 80 -
* Diastolie
2 60} pressure
£ 1
g 40L
"\u_\““
0 | E \
Aorta Arteries g _§§ Veins Vena cava
£52
“-U>

Figl4.31 (a) Graph of blood pressure in different parts of the human circulatory system
QUESTION RELATED TO ABOVE ARTICLE

Give four differences between arteries and veins. (GRW 2017, RW.D 2019. 2025 N |

Hypertension I §
It is a condition of high blood pressure “‘Frolongeg, liigh bnod ")r( snure dcru ;'s the
lining of the blood vessels.and aiso) leads!to) rm/eak=n rig bf heart. muscies (Whlch have
become thickened due t¢, the -cafitinions; s rur‘ mpused 0N tne m) with declining
efﬂuencv aTthe pump...g ation of the\heart
Blood ﬂy than be retamei in 1H§“nsa1 and Iurigs, often leading to fatal condition called
congestiive! hean failure. _

e o mb: IS 1‘ a salid fass or plug of blood constituents (clot) in a blood vessel.

1S ntassmay block (wholly or only in part) the vessels in which it forms, or it may be
aislodged and carried to some other location in the circulatory system, in which case it is
called an embolus.
Thrombosis is the formation of thrombus.
Thromboembolism is leading cause of deaths in western civilization.
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Fig14.32. A thrombus in a small blood vessel. The thrombus (tangled red mass) has blocked blood flow
near a point where the vessel branches. The blood has pulled away from the left end of the thrombus and is
beginning to pull away from the right end also.

Thrombus formation may be due the following:

Irritation or infection of lining of blood vessels.

Reduced rate of blood flow, due to long periods of inactivity.

Pneumonia and tuberculosis, emphysema etc.

Heart Attack (Myocardial Infarction)

i)
i)

i ||x
"'.\.."..: k JI 1I 1

AN 5

Blockage of blood vessel in the heart by an embolus (or by locally formed thrombus)
causes necrosis or damage to portion of heart muscles, a condition know if a heart attack
or technically myocardial infarction.

Heart attack is due to disruptions of control system of the heart with accompanying
arrhythmias, especially ventricular fibrillation.

We can avoid the above mentioned situations if we:

Avoid too much fatty food (especially rich in cholesterol). Maintain normal body weight.

Control our blood pressure by regular walk and exercise.

Do not smoke.

Stroke

If the normal flow of blood is blocked by an embolus (or a locally formed thrombus), in a
blood vessel in the brain, and causes necrosis, or death, of the surrounding neural tissue
(owing to lack of O2 the condition is called a stroke or cerebral infarction.

The symptoms of the stroke vary depending on the part of the braln that has bean
damaged. == |

It is the discharge of blood from blood vessels. Espec.e].v frr,p(-»rtpfﬂ i< fm P‘_"'ain.

haemorrhage which results from bursting of aw ftne-arteq s ! uppryrm'l tr.dJ“’a.
When the wall of the artzries becemes nard .-md r.os.=~ it °Iest|a |t-/ and higher blood
pressures would result in bt ain llarur noirhage., !
To aviid brum -hdé.nmrhaqe th&kblood pressure “must be controlled between normal
limits.
In a! ”nov.t al! the at)owe n ultIOHEd problems, it is important to take following preventive
IF-;*"JCUI’P‘
Iaking i of less cholesterol in our food. Maintenance of normal blood pressure.
Do not become over weight.
Do not smoke.
Do regular exercise.
Avoid stress and tension.
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QUESTION RELATED TO ABOVE ARTICLE

What is blood pressure? And explain it. ‘
Describe briefly hypertension and stroke. Y Y
Describe briefly hemorrhaqe anra'h°art a*toc< AR RN A '
Lymphatic System R R=

This Q\ys*cm IS_resng nsmle .ar th~= uaﬁ pr)r “and returnlng of materials from the

tlssues i t1e tocy to tl e mpc;a

Lymph . 1L :

W | e syistem comprlses Iymph capillaries, lymph vessels, lymphoid masses, lymph nodes,
and lymph, the fluid which flows in the system.

" |
i 4
| i
..Il |
I

-~
¢

R
Lymphatic ¢4 &

duct :
\ ‘ -ﬁ ’

Fig. 14.33 Human lymphatic system
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o Lymph capillaries end blindly in the body tissues, where pressure from the accumulation
of interstitial fluid or extracellular fluid forces the fluid into the lymph caniilaries. —

o When this fluid enters the lymph capillaries, it is called lymph-The ly ahvessels emnes
in veins; so lymph is a fluid in transit betwser: interstisiai Tiuid and the bloat.

o The intercellular spaces inthe wialls ef-lyinoh) viesiels are Yarger| thaii those of the

capillaries of blood vascuiar sysiein. 'Sp | ar 1e mélecules. from the interstitial fluid can
also enter the lymrh.capiilaries.

o Lymph =<apiliakies ioin 'to) ioriyi larger and larger lymph vessels; and ultimately form
thoracic lypl, duct, whithiogens into subclavian vein.
o g/ llow of wrapghis always towards the thoracic duct.

INIR '_n'r- ¢h2 iitestine, the branches of lymph capillaries, within villi, are called lacteals.
. The flow of lymph is maintained by
(1) Activity of skeletal muscles
(2) Movement of viscera
(3) Breathing movements
(4) The valves which prevent back flow of lymph
Lymph Nodes
Along the pathway, the lymph vessels have at certain points, masses of connective tissue
where lymphocytes are present; these are lymph nodes.
o Several afferent lymph vessels enter a lymph node, which is drained by a single, efferent
lymph vessel.
Location of Lymph Nodes
Lymph nodes are present in the neck region, axilla and groin of humans.
In addition, several lymphoid masses are present in the walls of digestive tract, in the
mucosa and submucosa. The larger masses spleen and thymus, tonsils and adenoids are
all lymphoid masses. These produce lymphocytes.
Function of Lymphatic System
There are the several functions performed by lymphatic system.
)] In an average person, about three litres more fluid leaves the blood capillaries than is
reabsorbed by them each day. It returns this excess fluid and its dissolved proteins and
other substances to the blood.

i) The lacteals of villi absorb large fat globules, which are released by interstitial cells after _

the products of digestion of fats are absorbed. After a fatty meal these fat qlobules ma:
make up 1% of the lymph.

iii) The lymphatic system helps defend the body-against forc'gn i \,’—IOOlb L‘,m*h 10aRsiidve
lymphocytes and macrophages that™¢estrov: blne ia and viry ses. “The| paintui-swelling of
lymph nodes in certain dicz2ases (m,.npa is-an'extlierne 'example) |< lergely a result of the
accumulatici of dead ly'mpho! sytes end mgcropnuqes

iv) Just &5 _the | lyiviph” rades filter. lyragh, e spleen filters blood, exposing it to
macrophanss and\lymphodtyes tiat destroy foreign particles and aged red blood cells.
The capacity i racognize the intrusion of any material foreign to the body and to

[ unabillize 'zellsand cell products to help remove the particular sort of foreign material with

J .. | W oleider speed and effectiveness” is called immunity.
QUESTION RELATED TO ABOVE ARTICLE

Discuss functions of lymphatic system. (LHR 2019)
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Immune System

Component of Immune System

Cell Mediated Response - + T AN o AC

L Wertsbiates; in response to antigens; and immobilize

In animals in addition to physical barriers (skin + , : — i
mucous membranes) and phagocytes, there is a Lymppo{cyte.T_.Ar:d ?I‘}f‘_"e ecti )
third mechanism, to defend their bodies against the .|, P2/EU CLELD e Felaliorses,

foreign invaders; this is the immu:ie systenn. vith Thyraus gland..ad Bursa
'of Fabriciug respectively. The

infiuence ofine thymus gland is
essential in making T-cells
immunologically competent.
Bursa of Fabricius is lymphoid
structure present in the wall of
cloaca of young birds from
where B-lymphoctyes were
discovered to have role in
immune system.

The comporients of Adivimtne./ system lineh de the
lymphceites (i3 ard T)iaral the.artihodies—= which
are speqial itype ¢f pr7t=|rs These antibodies are
Imrfumoqlctul rs_\ witich are synthesized by

i, Or sets in motion events that ultimately cause its
destruction.

Antigen or immunogen is a foreign substance,
often a protein which stimulates the formation of
antibodies.

Antibodies are specific i.e. cause the destruction of the antigen, which stimulated their
production. Antibodies are manufactured in B-lymphocytes, then secreted into the lymph
and blood where they circulate freely.

.(-

\nﬁblodlu
complementary
Cells with surface w0 .:ﬂgcm K

f“?f‘x

(8) (b) Antigen-antibody complex
Fig 14.34.(a) An antibody molecule consists of four polypeptide chains - two identical light chain and two
identical heavy chains - linked by disulfide (- S - S -) .bridges. Variable amino acid sequences (V) in the
light chains and upper regions of the (heavy chains determine which antigen will bind to that particular

Antigen- Antigen-
i bin
site

nntigens

antibody. Constant amino acid sequences (C) are the same for all the antibodies in_ore class (h). lame X

antigen-antibody complexes will form if there are multiple copies of the anthenlf ae Olesule on tre fot mn'
cell's surface. - ’ . [ ] ;

T-cells recognize antigen, tfien coaat Micro-orearisrns anc /\or efiect the rejection of
foreign tisstes (in case oftlssue trar sp| nt) Thisiis \,a“‘;d cell-mediated response.

Humoral Immu LC] RP-Spur‘Le-

J I' .I.m_ !

5
1 i

B-cells fecigrize antigen dﬁj ]'Oim piasma ceII clone. These plasma cells synthesize and
liberate ‘antihottes! irito! tise'biood plasma and tissue fluid. Here antibodies attach to the

Cwsuraces 'ofl bacteria and speed up their phagocytosis, or combine with and neutralize
“{(Xizs produced by micro-organisms, by producing antitoxins. This is called humoral

Immune response.

When we get vaccination, against a specific disease (antigen), we become immune to that
infection or disease. If we get vaccination against, polio, smallpox, measles, mumps etc.,
once in our life time, we are protected or become immune to that infection in our future
life.
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14.6.19 (i) Types of immunity

Active Immunity ;
The use of vaccines, which stimulate the production of antibodies ir/~ F'==——-—=/
the body, and making a person immurs against-the dlsec,_s,a or s;?Lr:eLJaTLaTmng
infection, is called active immunisy. antibodies

But this active |mmunlfy has | been a hl":’ /el b (| astitie iall'-y
introduginiy,“antigens i the, bedy! s it is talied &t |ually
induceg-active imunity.

But, wtizni g paison s =>«oosw to an mfectlon (antigen) - becomes ill, and in most cases
gurvilzesithien taisamimunity, developed against that disease is called naturally induced

L iimunity or auto immune response.
Pa\ lve immunity

In contrast to active immunity, in which case antigens are introduced to stimulate the
production of antibodies, by artificial or natural method; antibodies are injected in the
form of antisera, to make a person immune against a disease. This is called passive
immunity.

In body, antigen - antibody complexes are formed which are taken up by phagocytes and
destroyed. The patient is spared the complications (or possibly death) caused by the
infection or venom.

Passive immunity response is immediate, but not long lasting. Because no time is taken
for the production of sufficient level of
antibodies, (as antibodies are being
injected) and after the level of

AIDS (Acquired Immune Deficiency
Syndrome) Disease caused by a virus. The

antibodies is reduced or they are used
up. No more antibodies production is
there.

o The method of passive immunization
is used to combat active infections of,

affected .persons suffer from deficiency in
their immune system of the body, and the
immune system collapsed; Thus the AIDS
victim often succumbs to a bacterial disease
or cancer, that under normal circumstances,

tetanus, infectious hepatitis, rabies, | the immune system can over come. There is
snake bite venom etc. no known cure of the disease. It can spread

o In the case of snake bite, passive by blood transfusion and by sexual contact
immunity is produced by the with the infected persons.

antitoxins, so the serum is called anti-
venom serum.

QUESTION RELATED F§ ABQ)\ MN{]

What is Iymphatlc system and ly; nph’? E. pumn ity fl'ncUo 15!
Discuss two main types of immuniiy;. |
Write a ngte on types-2f ifnripfinity;.

Define i_minu.p.i'cy'n_hc','giv,\.'its ty[ias in Gatails
Write & noie N immunity, and 1tstypes.

(LHR 2018)
(LHR 2021)
(SGD 2019, FSD 2021, MTN 2021)
(Exercise Question viii)
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Bulk Flow:

The movement of water due to pressure differance between.iwu 2oiitt5 i cailed hulk, sy

Casparian Strips: _
The wall pfthe each endodetmal call\has, a rirg. of sukerin. Subeiii is a waxy material.
This rinz-cf wax s, cellad Caspariar strip-This waxy material does not allow the water
and clissolved material io péss. Thus water and minerals cannot cross the endodermis and
. L sCular tissues via apoplast.
IQsmoreguIation:
To maintain the balance of water in the body is called Osmoregulation. Different

organism osmoregulate by different methods. These are:
° Some organisms remove extra water by contractile vacuole.

o The organism which lies in fresh water, dilute the cell fluid. So that water cannot enter
into their bodies by endosmosis.

° The organisms which live in marine environment retain salts in the bodies. So water does
not leave their bodies by exosmosis.

Plasmodesmata:
The wall of the plant cells is perforated with channels called plasmodesmata. The strands
of the cytoplasm of the adjacent cells is continuous through the plasmodesmata.

Serum:
Serum is the fluid part of blood after clotting.

Antisera:

It is a serum containing antibodies
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Q.1.
(1)

(i)
(iii)
(iv)

N
»
(3

5 TN K
ANS

Q.2.

i)

Fill in the blanks vi)
In the process of facilitated diffusion,
the carries molecules are :
Pure water has a water potentiai
which is equal to 3.

The insects which feec. bn /the
phloeri ofolants.aieihe |~ |
The sukstance, prediced by, hasophiis— vii)
which ' irtibit| bipod-clatiing  is

e [ rasst~ abundant compound  of
si00d plasma is

i) Proteins
iii) Aphids
v) Water
Encircle the correct answer form
the multiple choices.

Which of the following is not true
of guard cells?

(a) They are present in the epidermis
of leaf

(b) They are connected with
plasmodesmata of other epidermal
cells

(c) They contain chloroplasts

(d) They are kidney shaped. iX)
The casparian strips are present

in:

(a) Cortex cells of roots

(b) Endodermis cells of roots

(c) Cells of pericycle

(d) Cells of phloem

Lymph most closely resembles
with:

(a) Blood

(b) Plasma

(c) Interstitial Fluid

(d) Urine ~
Hydathodes are associated iwvith:
(a) Transpiration -
(b) Guttation, .

(c) Corigction: _
(d) Norig ¢iithr'abpve _
Aedcrding to pressure flow theory, i)

i) Zero
iv) Heparin

viii)

| % avaichcfitkeTollowing serves as

NK.

(a) Leaves

(b) Stem

(c) Roots

(d) None of the above

Qi

EXERCISE

Which of the followisg:-is true-
about mammals?

(a)Trey niave tight acitic arch

(bd Thay, heve. lef) aertic’arch

tc)! They! have I:ft and right aortic
ar(ﬁl: L

(d) They do not have aortic arch.
The process that most
likely/directly enables a root hair
cell to absorb mineral by active
transport and enables a muscle cell
to contract is:

(a) Circulation

(b) Excretion

(c) Respiration

(d) Assimilation

Which of the following processes
cause substances to move across
membranes without the
expenditure of cellular energy?

(a) Endocytosis

(b) Active transport

(c) Diffusion

(d) None of the above

Cardiac muscle can be
distinguished from other muscle
fibers because cardiac muscles:

(a) Contain only actin

(b) Voluntary in action

(c) Lacks regular arrangement of
sarcomeres

(d) Has intercalated discs

Answers Key:

e

#1rue’ Or ‘False’ And Write The

Correct If It Is
False.

The intercellular openings in the
blood capillaries are larger than the
openings in the lymph capillaries.
The intercellular openings in the
lymph capillaries are larger than the

openings in the blood capillaries.

Statement,
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Q.4.

i)

JEachl Csleve”  tube

Between the left auricle and the left
ventricle, the valve present is called
tricuspid valve.

Between the left auricle and the left
ventricle, the valve present_is cal'ed
bicuspid valve.

The paseiid<er of the—heartuis/ the
AV nods '

The pacenieker ofthe helrtiis tne SA

node
member is
associated with one or more
tracheids cells.

The method of active immunization is
used to combat active infections of
tetnus and rabies.

i) False ii) False
iii) False iv) True
Extensive Questions.
How are minerals and water taken up by
roots? Diagram the structures involved
and the pathways for water and minerals
from soil water to xylem and the
transport processes at each step.

(See article 14.3)

Describe the mechanism of opening
and closing of stomata.

(See article 14.3.9)

How the pressure-flow theory does
explains the movement of sugars
through a plant?

(See article 14.3.12)

Describe cohesion-tension theory of
water movement in xylem. What
supplies the cohesion, and what is
the source of tension. How do these
forces interact to maove
throughout plant?

(See articlo 14.3.7.CA)

v) True

wafer

Vi)

vii)

Explain apoplast, symplast and
vacuolar pathways ard.describe tie
movement_of weer—and d(ssolved!
mirerals tiraugh them:

'See aiticle 14.3)

[Explair, water potential. What is
réiationship of water potential with
solute  potential and  pressure
potential?

(See article 14.3.5)

Name and describe the general
functions of three major types of
cells found in the blood of humans.
Which of the cell types is
predominantly in lymph.

(See article 14.6.2 (ii) (a) & (b)
Write a note on immunity and its

types.
(See article 14.6.19)
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