
g} cIRcULAToRY PATHwAYs

Let us analyse the question raisedby Felix ruho is

p nrticip nting in the group discussion.

We have understood that the
digestion of food is completed in the

small intestine" We also knowthatthe
digested food particles have to reach

eaeh cell in the body to perform
various life activities. How do the
food particles {rom the small intestine
reach each cell?

The components like water, oxygen,

nutrients, excretory matter etc., are

carried to various parts of the body
mainly through blood. The simple

units that are formed in the small
intestine after digestion are first
absorbed into the blood. Let us
examine how much the structure of the
small intestine is suitable for this.

Observe Figure 3.1" Read the
description given and discuss the
special features of the small intestine
which render it suitable for the
absorption of nutrients. Prepare a note

and enter it in your science diary.
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lhaue a doubt. The small intestine is

ooer 6 metres long. The large intestine is

only 1-"5 metres long. Still how did the large

intestine get that name? Also, why is the

small int e stine s o I ong?
Nutrition-Role of the
smoll intestine

Indicotors
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lnterior of Small intestine

(c)Villi

Fig. 3.1

The smallintestine is seen as manyfolds, twisted and coiled within the abdominal

cavity. Therefore the food parlicles move only very slowly through the small
intestine. There ate a number of blood vessels in the small intestine. The inner
surface of the small intestine is modified into many infoldings. Within these
infoldings, finger-shaped villiare seen. 40 to 50 villi are seen within each square
millimetre. The nutrients are absorbed through these villi. The infoldings of the
small intestine and the villi increase the surface area for absorption.

infoldings

(a) Digestive system

(b) Section,of the small

Indicators

. The advantage of the increased
length of the small intestine.

. The advantage of having large
surface area of absorption.

To what extent is the structure of the

villi suitable for the absorption of food
particles? Observe Figure 3.2, read the
description given and prepare a note
on the absorption of food particles
through villi in your science diary"

lacteal

lymph vessel
branch ofvein

branch of artery
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Fig. 3.2 The structure of villus



Villi and Absorption

The arterioles that spread throughout the walls of the small intestine enterthe villi

and further divide into smaller branches. They join together again to form small
veins. The group of small blood vessels that connects the veins with the arteries
are called network of capillaries. A small branch of the lymph vessel is also seen
in the villus. This is called lacteal. Of the food particles that are formed as a result

of digestion, glucose and amino acids are absorbed into the blood and fatty acids
and glycerol into the lymph.

You have already studied about some

processes that help water and salts to
enter the tissues. What are they? List
them"

a

The same processes help in the
absorption of the food particles

Blood
Blood is a fluid tissue with a complex structure. ln most animals it is red coloured.
The body of an adult human being contains about five litres of blood. Blood flows
continuously throughout the body. Transport of materials, providing immunity,
maintenance of the body temperature etc., are some of the various functions of
blood. The structure of the blood is well suited for performing these functions. Blood
consists of 55% liquid plasma and 45% blood cells. The blood cells are of three
types. They are red blood corpuscles, white blood corpuscles and platelets.

The structure of plasma is suitable for the transport of food particles. lt has the
following components.

1. Water - 90 to 92%

2. Organic compounds
. Enzymes
. Hormones
. Glucose
. Vitamins
. Urea, Uric acid

3. lnorganic compounds
. Salts and ions of sodium, potassium and calcium.

Water soluble factors like glucose are transported through the water in plasma
and other substances are transported through plasma proteins. The red blood
corpuscles are more in number. Their main function is to transport respiratory
gases. White blood corpuscles are of different types such as neutrophils, basophils,
eosinophils, monocytes and lymphocytes" They provide immunity to the body. The
main function of the platelets is to immediately plug the minor wounds formed in

the blood vessels. They are also essential for the clotting of blood.

into the villus. From the villi these

f ood particles are carried by
blood and lymph to the various parts

' o{ the body.

How does the blood carry nutrients
from one part of the body to another?
To understand this you need to know

- Albumin
- Globulin
- Fibrinogen

. Amino acids
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the composition of blood. Read the given description and prepare a note on the
composition of blood. Complete the flowchart.

Can we see plasma and blood cells?

Take a little blood in a test tube. Add
chemicals which prevent clotting and
shake the test tube well. Keep the test
tube at rest {or a while and observe.

You can see the components of blood
separated as in Figure 3.3.

Let us observe the blood cells

Take a drop of blood, add stain to it
and observe it under a microscope.
You can see blood cells. Form groups
and perform the task to prepare
bloodsmear as detailed in Figure 3.4

plasma

blood cells

Fig. 3.3 Components ofblood

given below. This activity should be

performed strictly according to the
inslructions given by the teacher.

Step I
Prick your finger tip with a

sterilised lancet.

SteP 4
Drip the stain with a dropper. After two minutes

make the stain thinner with water" After seven

minutes wash the slide gently with water.

Step 2

Put one drop ofblood
on a glass slide.

Step 3

Spread the blood into a thin
layer with the help of another

slide and allow to dry"

Dry the slide in air and observe
it under a microscope.
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Fig. 3.4 Observation of blood cells



Please ensure that the lancet used to
take blood from one student is not on
any account used on another student.
What could be the reason?

Compare what you observed under
the microscope with Figure 3"5 and
note down the types of blood cells you
were abie to identify.

There is nothing which can replace
b1ood. In emergencies, to save a life, it
might become necessary for a patient
to receive someone else's blood.
Donating blood in no way is harmful
and in fact is good for the body.
Prepare a poster emphasizing the
importance of blood donation.
Observe "Blood Donation Duy" duly.

We have seen earlier that some of the
food particles after digestion are

,absorbed by the lymph through
lactea1s. How are these particies
transported? You have learnt earlier
how lymph is formed. Only if you
know the composition of lymph and its
circulation, can you understand how
transport occurs through lymph.
Analyse the description and Figure 3.6

given below and prepare a note on the
transport of materials through the
lymph.

red blood
corpuscles

Fig. 3.5 Blood cells

You have seen how complex the
structure of blood is. Blood plays an

important role in sustaining life.
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Transport through Lymph

When the blood reaches the body tissues through

capillaries some of the liquid part of the blood oozes

out into the intercellular spaces. The cells in the tissue

exchange material through this tissue fluid. A part of

the tissue fluid returns to the capillaries. The remaining

portion enters special tubes known as lymph

capillaries. The tissue fluid that has entered the lymph

capillaries is known as lymph. Red blood corpuscles

and platelets are absent in this colourless fluid. Some

of the proteins and mineralsalts of plasma are seen

in the lymph in smaller quantity compared to blood.

The proteins in lymph help in the transport of lipids

and lipid soluble particles.lyrnph node

Fig. 3"6 Lymphatic system

Biology
27



glucose, fructose,
galactose,

amino acids

network of capillaries

small veins

liver

venacava

heart

?

glycerol, fatfy acids

lacteals

small lymph vessels

large lymph vessel

venacava

heart

?

(b)

Where does the food particles thatflow
through blood and lymph go to?

We have seen that capillaries join
together to form veins and lacteals join
together to form small lymph vessels.

Observe the Illustration (3.1 a, b) that
shows the path of the food particles
from the villus.

science diary on the role played by the
liver in regulating the quantity of
nutrients in the body.

Liver - a Purifying Station
The blood that reaches the liverfrom
the alimentary canal has increased
quantities of glucose and amino
acids in it. Glucose has to be
maintained at a constant level in the
blood for life activities to proceed
smoothly. lf blood is examined eight
hours after the night meal, without
taking food or drinks, the glucose
level in the blood should be at
70-110mgl100m1. When this increa-
ses above 126mg, the person is
diabetic. The excess glucose in

blood is converted to glycogen bythe
liver and is stored tfreie. Wh"n tfr"
quantity of glucose in blood
decreases, the glycogen is
converted to glucose This process
also takes place in the liver. The
ammonia produced during the break
down of amino acid is converted to
urea in the liver. The poisonous
substances and alcohol that go in
through food are broken up and
rendered harmless in the liver.

What is the part played by the heart in
transporting the f ood particles
absorbed by the blood to different
parts of the body?

We know that blood cannot move on
its or,t'n. The heart which works
continuously iike a pump transports
blood to a1i parts of the body. With
the help of Figure 3.7 and the
description given, try to understand
the positiort,sizeand shape of the heart
and note them down in your science

diary.

(a)
Illustration 3.1

Analyse the illustration given above
and find out how the nutrients reach
the heart.

The food particles that are absorbed
from the small intestine reach the heart
through the liver. \AIhy do they go to
the liver? After reading the given
description, prepare a note in your
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The Heart

Circulatory system in higherforms of life consists
of the heart, blood and the blood vessels. The
circulatory system plays the most important role in

the transport of materials throughout the body.

Heart is a completely muscular organ. ln man the
position of the heart is behind the sternum in the
thoracic cavity, between the lungs tilted slightly
towards left. A person's heart is generally as large
as his or her fist.

The adult human heart is approximately 12

centimetres long, 9 centimetres broad and weighs
about 300 gms. The heart is roughly conical in
shaire with the upper end broader than the lower.

A dou ble membrane called pericard ium covers the
heart. The pericardial fluid that fills the space
between the membranes protects the heart and
also helps it to function smoothly.

Fig.3.7 Heart

The best method to study how much
the structure of the heart is suited for
pumping blood is to observe it
directly. How can you do that?
Observe carefully while the teacher

performs the experiment that is
detailed below.

Wash carefully the heart of an animai
obtained from a siaughter house. The

blood vessels that start from the heart

can be seen clearly now. Fill water in
the heart through one of these. Press

the bottom of the heart firmly with a

finger. You will see that water comes

out through some of the blood vessels

above the heart. Observe carefully the
blood vessels through which water
flows out as pressure is applied on the
right and left sides at the bottom
alternately. Take a vertical section of

supenor venacava

right atrium

trieuspid valve

right ventricle

inferior venacava

aorta

pulmonary artery

rv veln
atrium

uspid valve
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Fig. 3.8 Vertical section ofthe heart

ft ventricle



an" n"ur, and observe it carefully. Compare the results of your observation with
the given Figure 3.8 and read the description given. Complete Table 3.1 below
on the basis of these.

The Chambers of the Heart

The human heart has four chambers. The upper two chambers are called atria
and the lower two are called ventricles. The two atria and the two ventricles are
separated by muscularwalls. The left atrium opens to the left ventricle and the right
atrium to the right ventricle. There are valves between the atrium and the ventricle.
They ensure the flow of blood only in one direction. The blood vessels that carry
blood from the heart are called arteries and the btood vessels that bring blood to
the heart are called veins. Valves are also present at the beginning of the arteries
which prevent the backward flow of blood from arteries to the heart.

Part

The chambers of the heart

The blood vessels that bring blood to

the heart

The blood vessels that carry blood
from the heart

The valve between the right atrium
and the right ventricle

The valve between the left atrium and
the left ventricle

You have understood the internal
structure of the heart. Let us now
examine the working of the heart.

Blood enters and leaves the heart by
the rhythmic contraction and relaxation
of,the cardiac muscles (muscles of the
heart). A special type of muscie at the
upper part of the right atrium initiates
this movement and conlrols the rate of
the heart beat. This part is cal1ed the

Bioiogy
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Name

Table 3.1

sino-atrial node (SA node) or the
pacemaker of the heart. Any damage
to the pacemaker will affect the rate of
the heart beat" Under such
circumstances an artificial pacemaker
may be installed. This is a device with
a battery that creates electric impulses
at a fixed rate. This is fixed in the body
and connected to the heart. Take up
an assignment to find out more about
such artificial pacemakers.



Heart beat

We have learned that blood flows uninterruptedly from the heart due to the
continuous beating of the heart. Analyse the description given and observe Figure
3.8 showing the vertical section of the heart to find out how the heart works and
makes the flow of blood possible.

The Pulse of Life

The veins bringing blood from various organs of the body open into the atria. When

the two atria are filled with blood, they contract simultaneously. The cuspid valves

open and blood fills in the ventricles. Subsequently the ventricles contract and the

semilunar valves at the beginning of the arteries open and blood flows into the

arteries. At the same time, cuspid valves close and the atria return to their original

state. The function of the cuspid valves is to control the flow of blood between the

atria and the ventricles. Once the blood reaches the arteries, the ventricles return

to their original state. At this time, the semilunar valves close and prevent the

backward flow of blood from the arteries into the ventricles. The ventricles also

reach a state of rest along with the atria which had already attained this state. lt

can be said that the heart is in a complete state of rest at this time. The contraction

of the heart chambers is called systole and the state of rest is called diastole. A
heart beat consists of one systole and one diastole. Normally, the human heart

beats 72 times in a minute. That is, one heart beat is completed in 0.8 seconds
(60ft2=0.8).

We can find the rhythm of heart beat
in our wrist. This is called pulse.
Holding your friend's wrist find out
the number of pulses per minute.

What other parts of the body tells you
the pulse rate?

a

a

We have seen that as soon as the atria
and the ventricles stop contracting and
reach their original state, the respective
valves close to prevent the backward
flow of blood. We can hear the cuspid
vaives closing with a 'lub' sound and
the semilunar valves closing with a
'dub' sound through a stethoscope.

Place a stethoscope on the chest of
your friend and listen to the heart
sounds.

Blood Pressure

When the ventricles contract, about7}
millilitres of blood flows with force
into the arteries. This blood exerts
pressure on the walls of the artery. This
is the systolic pressure. Systolic
pressure should normally be
120 mmHg. During diastole blood
enters the heart and the pressure on the
walls of the arteries is naturally
reduced. This lowered pressure is the
diastolic pressure. The diastolic
pressure should ordinarily be

80 mmHg. A person's blood pressure
is expressed using both these
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O..rrrrr"r. An instrument called
sphygmomanometer is used to
measure blood pressure.

We have seen that blood enters the
arteries due to the conLraction of the

heart. Where does the blood flow after
this? It flows from the right ventricles
to the lungs and from the left ventricle
through the aorta to the different parts
of the body.

Why does the blood flow to the lungs?

The oxygen that is needed by the cells

is received and the carbon dioxide that"
is formed in the cells is removed
through lungs.

Using the given indicators and details

in Figure 3.9, form an idea about the
human circulatory system and
complete the flowchart. Give
appropriate colouring to the picture to
differentiate between oxygenated
blood and deoxygenated blood .

Indicators

. Blood vessels thatcarry oxygenated
blood.

. Blood vessels that carry

. deoxygenated blood.
. The heart chamber that receives

deoxygenated blood.
. The heart chamber that receives

oxygenated blood.

pulmonary artery

right ventricle

pulmonary vein

left atrium

left ventricle

aorta
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pulmonary circulation

systemic circulation

Fig" 3.9 Double circulation

body tissues



When one cycle of blood circulation is

completed, a fixed quantity of blood
flows through the heart twice. Such

blood circulation is called double
circuiation.

We have seen how food particles reach

all the organs of the body through
blood. Nutrients enter each cel1 of the
body consequently. Do the processes

that help in the exchange of nutrient
particles inside the cells o{ the villi
function here also? Discuss and arrive
at an inference.

You are aware that the cells of all
tissues in the body require water.
Water is absorbed in the alimentary
canal mainly through walls of the large
intestine.

Transport of nutrients in other
organisms

Do other animals have a nutrient
transport system similar to that of

human beings? We know that
microorganisms do not have blood or
a circulatory system. Then how do the
nulrients reach all parts of the body?
There are organisms that do not have
a well developed heart or a circulatory
system. Observe Figures 3!1.0, 3.11

and the descriptions given. Discuss the
different ways in which nutrient
transport takes place in various life
forms and note down the conclusions
in your science diary.
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ln unicellular forms like

amoeba and paramecium

the cytoplasm streams in

a cyclic manner" Food

particles reach all parts

of the cell by this
movement, called
cyclosis.

Fig. 3.10 - Paramecium



Open Circulation and Closed Circulation
We have seen that in some forms of animals

including man blood flows through blood

vessels" Such flow of blood through blood

vessels is called closed circulation. Here,

blood does not come into direct contact with

the body tissues. But in organisms like

cockroaches, moths etc., the body fluid called

haemolymph that is similarto blood fills the body cavities and comes into direct
contact with the body tissues. Such a circulation is called open circulation. The
nutrients from the alimentary canal formed as a result of digestion are diffused
into the haemolymph.

haemolynph

alimentary canal
Fig. 3.1 1 - Open circulatory system

Transport in plants

We have studied how plants prepare
food by photosynthesis. We have also

found out how the water and carbon
dioxide required for this reaches the
leaves. Do piants require any nutrients
other than these? If they do, how these

reach the leaves and other parts of the
plant?

Read the description given below and
prepare a note in your science diary.

How does the food that is prepared
in the leaf by photosynthesis reach
other parts of the plant?

Let us study this mechanism by an
activity. Take a cross section of the
tender stem of the Eupntorium and
observe it through the microscope.
Anaiyse what you have seen, with the
help of the description and Figure
3.12 given to understand the structure
of the vascular bundle in plants.

Mineral Salts and their Transport

Plants require many nutrients other than water and carbon dioxide. The plant

absorbs these in the form of mineral salts from the soil along with water. The

mineralsalts that are required by plants are known as essentialelements. They

consistof ten macro elements including nitrogen, phosphorus, potassium, sulphur,

magnesium etc., and seven micro elements including copper, zinc, chlorine and

manganese. Nitrogen is mainly used for the synthesis of proteins and nucleic

acids. Sulphur is a component of proteins and phosphorus is a component of
nucleic acid. Magnesium is a component of chlorophyll necessary for
photosynthesis. The mineralsalts reach the plantfrom the soilthrough the roots.

The processes that effect entry of mineral salts through roots into the plant cells
are similar to those that occur in animal cells for the absorption of nutrients.

Biology

34



The plants possess a vascular bundle
which extends from the roots to the

leaves. Two types of tissues known as

xylem and phloem are seen in this. The

structure of these tissues is very much
suitable for the transport of materiais.

With the help of your teacher try to
conduct an experiment to show the

path of water absorbed by the roots to
the leaf.

Fig. 3.12 Vascular bundle

Xylem and Phloem

The xylem is a complex tissue consisting of different types
of cells. [t contains two types of tubes called vessels and
tracheids. Vessels have a larger diameter than the
tracheids. Mature vessels and tracheids are dead cells.
Yet transport of water and salts takes place through these
dead cells. The parenchyma that are seen along with
them are living cells. They also help in conduction.

>'yiem

paren-
chyma

Fig. 3.14 Phloem

sieve tube

c;'toplasm

companion
cell

phloem

parenchyma

Fig. 3"13 Xylem

Phloem is another vascular
tissue in plants seen along
with the xylem. The food
prepared in the leaves is
transported to various parts
of the plantthrough the tube-
like phloem. The main part of phloem is the sieve
tubes formed by cells arranged one above the other
linearly. Certain specialcells known as companion
cells associated with the sieve tubes and phloem
parenchyma are also found in most plants.

The prepared food reaches the fruits, seeds and
the modified storage root and stem through the
phloem.

With the help of an experiment let us

prove that food travels through the

phloem. Remove bark including the

phloem from around the stem of a
plant in the form of a ring. Observe
the changes that occur in the stem each

week" What differences can you see

in the portion above the stem that has

been so peeled and below it? Note
down your observations in your
science diary.

The nutrients that travel through the
vascular tissues reach cells by diffusion
which ensures nutrient availability to
all plant cells"
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