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Qentify and describe the structures of the main regions of the alimentary canal and

} tudents Learning Outcomes
%$tudying this chapter, students will be able to:

ribe the needs of ingestion, digestion, absorption, assimilation and egestion.

the associated organs.
Describe swallowing and peristalsis.

Sort out the action of enzymes in specific regions of alimentary canal, with respect to
their substrates and products.

State the role of the liver.
Describe the structure of a villus, including the roles of capillaries and lacteals.




Everything our body does - like moving, growing, and staying healthy -
depends on nutrients. In order to get these nutrients, the food must first be
broken down into simpler parts so the body cells can absorb them. This process
happens inside our digestive system. In this chapter, we will discover how the
digestive system works to turn food into usable nutrients.

1.1 NUTRITION AND ITS IMPORTANCE

Nutrition is how organisms get and use nutrients. It helps the
stay healthy, and repair their bodies. Animals, including humans,
their own food. They get it from other organisms. This is call

1. Ingestion: Taking in food and
drinks through the mouth.

2. Digestion: Breaking food into
smaller parts which the body
can absorb.

3. Absorption: Moving nutrients
from the digested food into t
blood or lymph.

b Autotrophlc& tion is a mode of
nutrition hich*organisms produce their
own food inorganic substances using

light o ical energy.

H%Q rophic nutrition is a mode of
utritton in which organisms obtain their
fogd by ing other organisms or

organlc%’ I

4. Assimilation: Using t edn %ln cells and tissues.
5. Egestion: Removing @ste nd waste from the body.

The food we e onsist Kolymers i.e., large molecules like
carbohydrates, protei d fats cannot pass through cell membranes.
These polymers b@own into smaller, soluble parts called
monomers - lik I%ars amind acids, and fatty acids. This process is called
digestion. T all molecules can enter the cells.

1.2 AN DIGESTIVE SYSTEM

human digestive system consists of a long tube and some helper
@ssory) organs. The tube is called the alimentary canal. It starts at the mouth
amd ends at the anus. The salivary glands, liver, and pancreas send their juices
into the alimentary canal and aid in digestion.
1. Oral Cavity —_—

The space behind mouth is called oral cavity or |During this grinding,
mouth cavity. It contains taste buds on the surface of | tonguekeeps the food
tongue for the taste of food. The mechanical digestion of | Petween theteeth.

food begins in oral cavity. During mechanical digestion, the teeth cut and grind




food into smaller pieces.

In oral cavity, partial chemical I _
digestion of carbohydrates is done by | tarchisa polysaccharide made up of many
. . sugar molecules. Maltose is a disaccharide
three pairs of salivary glands. These made of two sugar molecules.
glands are attached with oral cavity and P |
secrete saliva - a mixture of water, mucus, and a digestive enzyme called salivary
amylase. Water and mucous moisten the food pieces. Salivary amylasge(breaks
down the starch presentin food into maltose. O
Swallowing: After the physical and p——————— o
partial chemical digestion, the food |Puring swallowing, th ieloi (GGl
. o | cavity) moves upwar & e the opening
mass in oral cavity is called bolus. It is | ofthe nasal cavity.

swallowed by pushing it into the —
pharynx. For swallowing, the tongue moves the bolu& he back of the oral
cavity. The swallowed food enters the pharynx.

" Palate Epiglottis &?“
cavity \ K /| @C) (b'\g
Q -

Glottis Q
(opening of trachea) | 0 0 s@ﬁs
Trachea ——% é

Tong sKes bolus Top of trachea Epiglottis closes the
t of mouth moves up opening of trachea

FIGURE 1.1: Oral cavity and steps in swallowing
2. é%rynx and Oesophagus

Pharynx s a short tube-like part after oral cavity. It connects oral cavity to
oeSophagus and also connects nose to windpipe (trachea). The process of
chemical digestion that started in oral cavity continues here. An important
function of pharynx is to prevent the entry of food particles into lungs. It is done
with the help of an elastic cartilage tissue called epiglottis. When swallowed
food passes through pharynx, the top of trachea (windpipe) is pushed up against
epiglottis. In this way, the opening of trachea (glottis) closes and the swallowed
food passes over it.




Oesophagus is a long tube (about 25
cm or 9.84 inches long). It connects the
pharynx to the stomach. When food enters
oesophagus, successive waves of contraction
are generated in its muscular walls. These
waves of contractions move food along the

Epiglottis

oesophagus to the stomach. These waves of \ l
muscular contraction are called peristalsis. o N O
3. Stomach

J-shaped stomach is located in the \'
upper left side of the abdominal cavity, below + — Oesophagus
o>

Bolus

the diaphragm. The part of stomach
immediately after oesophagus is called .
cardiac end while the part before small Contws
intestine is called pyloric end. At the junctio

of the oesophagus and stomach, ther &
sphincter (ring of muscles) called ¢
sphincter (lower oesophageal sphi

N4
prevents food from flowing Q 6(0'

stomach into the oesoph ilar
pyloric sphincter is pr V\é
stomach and small intesti FIGURE 1.2: Peristalsis
Stomach is res‘p@ fort chanlcal and partial chemical digestion
od

of food. It also st Is of stomach are made of thick smooth
muscles. Whenf |ves in sspmach, these muscles contract rigorously. Their
contractions @ the churning (breaking down) of food into smaller particles.
Heatis alscmg ed due to this churning. This heat helps to melt the lipids.

M@ small gastric glands present in — 7 ——
i@ walls of stomach secrete gastric | The stomach's HCl is so strong it can

th
. . . . dissolve metal! But your stomach is
@' It contains hydrOChlorlc acid, an protected by the thick mucus lining

ive enzyme pepsinogen, and mucus. that keeps it safe from its own acid.
Hydrochloric acid converts pepsinogen into

an active enzyme pepsin. Pepsin breaks large proteins into shorter chains of
amino acids called peptides. Hydrochloric acid also kills pathogenic bacteria
presentin food.

Musc

P

The mucus forms a protective layer on the inner walls of stomach. Here, it
neutralizes the HCl. So, pepsinogen cannot be activated here and the walls are

4




protected from breakdown.

Food usually remains in stomach for three to four hours. Due to the actions
in stomach, the food becomes a soup-like mixture called chyme. The pyloric
sphincter controls the flow of chyme. Each time the pyloric sphincter opens,
about 5to 15 ml of chyme moves into the small intestine.

/— Cardiac end

Cardiac Pore of gl

sphincter Mu@creﬁng
Ponric cel
sphincter {"
| secreting
cells

|

Pepsinogen secreting
cells

\ Gastric
Pyloric end
FIGURE 1.3: Str@@f sto a@

4, Small Intestine

Small intestine is highly coi ube and &y 7 m (about 23 ft) long. It
has three parts: \ \
i. Duodenumwtheﬁrst@t Itis @25 cm (about 10 inches) long.
. Jejunumisthe m part It&bout 2.5m (about 8 feet) long.
iii. lleum |sthel t Itls 4m (about 13 feet) long.

In duoden cretlons Iver and pancreas act

onfood. Thes ion of liveri.e., bile enters duodenum | Bile also contains pigments

that are formed when RBCs
through co bile duct. It contains salts which break | ;e proken in liver. These
Iargef {0to small droplets. In this way, a milky fluid is |pigments are removed
for which fat droplets are kept separate. This |fromthe bodywithfaeces. |

s is called emulsification. The secretion of pancreas i.e., pancreatic juice

rs duodenum through pancreatic duct, which joins the common bile duct
before entering duodenum.

Pancreatic juice contains many enzymes e.g., trypsin, pancreatic amylase
and lipase. These enzymes digest proteins, carbohydrates and lipids
respectively. Pancreatic juice also contains sodium bicarbonate that neutralizes
the acidity of chyme. The glands present in the walls of small intestine also
secrete enzymes for the complete digestion of all types of food.




Salivary
glands

Ooral — 83
cavity 3 Pharynx

: s QC
p OO

QO
\\%ﬁophagus

Stomach

Liver
Pancreas

Gall bladder @ Pancreatic duct
— Duodenum %—’%7 Common bile
. Q 6 duct
— Jejunum
lleum \ & Large
$\0 intestine
Small Q —— Colon
intestine . O \
\ Caecum —
Appendix@ Rectum —

Anus

Q FIGURE 1.4: Human digestive system

,@vrption of Food
After the complete digestion of food, the end products i.e., amino acids,

simple sugars, glycerol, and fatty acids etc. move from alimentary canal into the
circulatory system. The inner walls of small intestine are highly folded. Moreover,
these folds have millions of finger-like projections called villi (singular; villus).
The folds and villi provide a large surface area for the absorption of food. Food
molecules are absorbed through this surface through diffusion and active
transport. The wall of a villus is made of a single layer of cells. Inside the villus,




there are blood capillaries and a lymph vessel called lacteal.

The glycerol and fatty acids present in

small intestine enter the lacteals of villi. The '

lacteals carry them to the main lymph
vessels, which empty into the blood vessels
near the heart. Amino acids and simple
sugars enter the blood capillaries of villi.
These capillaries join to make hepatic
portal vein which carries the amino acids
and sugars to liver. From liver, the hepatic
vein carries these nutrients to heart and then
to all parts of the body.

5. Largeintestine

/ Small
intestine

Folds in C)
Inner wb

There is a small finger-like appendix at
the blind end of caecum. It may seem
like an unimportant organ, but it
actually plays a role in your immune
system!

Infection in appendix cau&were
pain. If infected appe@ s not
removed surgical urst and
infection may spredgfigdomen. N

S
or

6 — Single
villus

/ Blood
capillaries

Lacteal

Q FIGURE 1.5: Small intestine and Villi

T%@ : The action of enzymes in the regions of alimentary canal
~k&on Enzyme Substrate Product
 Oral Cavity Salivary Amylase | Starch Maltose
Stomach Pepsin Proteins Peptides
Pancreatic Starch Maltose
Amylase
Trypsin Proteins Peptides
Small Intestine | Chymotrypsin Proteins Peptides
Peptidase Peptides Amino acids and peptides
Lipase Fats Fatty acids glycerol

N




Nucleases Nucleic acids Nucleotides

Maltase Maltose Glucose

Sucrase Sucrose Glucose and Fructose
Lactase Lactose Glucose and Galactose
Dipeptidases Dipeptides Amino acids

After the absorption digested food material and some water, the

undigested material and water move to the large intestine by peristas rge
intestine has 3 parts i.e. caecum (a pouch that forms junctio small
intestine), the colon, and rectum. Absorption of more water rom large

The faeces contain the undigested material, large numb acteria, broken
cells of alimentary canal, bile pigments and water. Faec mporarily stored
inthe rectum. During egestion, faeces are expelled v ugh anus.

intestine. Due to it, the undigested material solidifies and :%3)' alled faeces.

Role of liver
Liveris a large organ located to therig E stomach. In an adult human,
it weighs about 1.5 kg. There is a sac- I ordan, called gall bladder, on the

ventral side of liver. Liver secretes |ch |s d in gall bladder. The
common bile duct carries bile fro adder duodenum Bile does not
contain enzymes but it has sa ch break |nto small droplets. Bile salts

also keep fat droplets separa m one aQther. It helps the enzymes to attack
on lipids. Liver also performs yoth tionsin the body. For example,

. Stores glucose ycoge breaks glycogen to glucose when
required. ¢

o Stores of f bIevi® Gall bladder Oesophagus
. Breaksé’no acids. In this _|
proegds, “harmful ammonia is :

d Liver
uced.

. verts ammonia into less
$ oxic urea for excretion through

urine. /—
. Breaks toxic substances e.g., \ |

Common Stomach
alcohol.

) bile duct
° Breaks the RBCs which have Pancreas

completed their life spans.
. . FIGURE 1.6: Liver and associated organs
. Prepares vitamin A from carotene.

. Produces heat in cold temperatures by speeding up metabolism.




:(C exerase

Select the correct answers for the following questions.

1. The three portions of the small intestine, in the correct order, are;
a) Duodenum, jejunum, ileum b) lleum, duodenum, jejunum
¢) Colon, caecum, rectum d) Caecum, colon, rec
2. The wavelike movement of muscles that pushes food gh the
digestive system s called;
a) Chemical digestion b) Mechan@stion
¢) Peristalsis d) Abso
3. The part of the digestive system where no di st’\rtakes placeis;
a) Oral cavity b) Oesophagus omach d)Duodenum
4. Which group of enzymes breaks up s and other carbohydrates?
a) Proteases b) Lipases C} ases d)Pepsin
5. The pancreas produces digestNgepzymes leases them into;
a) Colon b) Ga dder % iver d) Duodenum
6. In stomach, pepsmog onvert@&o pepsin by the action of;

a) Bile salts orm c) HCI d) Bicarbonate
7. In which part.ar arb g! es, lipids and proteins digested?

a) Oral cav't%\ b) Stomach

¢) Smal tine d) Large intestine
8. The me trypsinis found in;

ﬁ@ncreaticjuice b) Bile c) Gastricjuice d) Saliva
@ne common bile duct carries bile from gall bladder to;

a) Stomach b) Duodenum ¢) Colon d) Pancreas
10.  Why the small intestine has many folds and contains villiand microvilli?

a) To slow down the passage of food.

b) To promote food absorption.

c) To prevent the backflow of chyme.

d) To produce enzymes.




Write short answers.

State the role of salivary glands in digestion.

What do the terms swallowing and peristalsis mean?
What are the functions of HCl in gastric juice?

State the role of pancreatic juice contribute in food.

Write a brief note on the structure of villi. O%

Write answers in detail. O
Describe the absorption of food in small intestine. ,@

Explain the role of oral cavity in the digestive system., ~\~
Explain the structure and functions of stomach. \

%wwe@w%wweﬂ

Justify the importance of liver and pancreas iR grgestion.

e
& 2°




@)\OQQUMAN

A@‘RESPIRATORY SYSTEM

- e
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Students Learning Outcomes
“After studying this chapter, students will be able to:

<] Describe the roles of the parts of the air passageway and lungs.

<] Describe the mechanism of breathing in terms of movements ribs and
diaphragm.

] Differentiate between the composition of inspired and expired air.




Organisms get energy by doing cellular respiration. It is the process in which
cells oxidize food (glucose) and get energy. For this purpose, organisms need to
carry oxygen to their cells and to remove carbon dioxide from cells. Gaseous
gxchangg is jche processin WhiFh oxygen presentin the In aerobic respiration,
inhaled air (in lungs) moves into blood, and carbon | oyygen is utilized while
dioxide from the blood moves into the air to be | carbon dioxide and water

exhaled. For gaseous exchange, animals do breathing. | areproduced. \ I I
Breathing

Breathing is the process in which animals move air into @Jt of their
body. It is done to get oxygen from air and to release ca %jioxide in it.
Breathing and respiration are not the same processes. Respi nis a chemical
process while breathing is a physical process. Bre elps in gaseous
exchange. Gaseous exchange, in turn, helps in respiration?

Breathiu&vx

Air moves
out of lungs

Air moves
to Lungs

Carbon dioxide
is released in air,

/ Carbon dioxide is
transported to lungs

Carbon dioxide
is produced

Oxygen is
taken from air

OxygenT
transport a}l

% -
R\%

@2.1: Relationship between respiration, gaseous exchange and breathing

-1 HUMAN RESPIRATORY SYSTEM

Respiratory system is responsible for breathing and gaseous exchange.
The human respiratory system consists of two major parts i.e., air passageway
and lungs.

A. TheAirPassageway

When air enters the body, it passes through connected tubes to reach the

()

Cellular
Respiration




lungs. After gaseous exchange, air moves from the lungs to outside through the
same connected tubes. These connected tubes are collectively called air
passageway. It consists of the following parts.
1. Nostrils and Nasal cavity

The nasal cavity is made up of two narrow cavities between nostrils and
pharynx. Air enters the nasal cavity through nostrils. Fine hairs in nasal cavity
filter the incoming air by trapping large dust particles. Mucus on thé%ﬂs of
nasal cavity traps small dust particles. Mucus also warms the air an® ps its
temperature nearly equal to the temperature of body. \Q

Nasal cavity

Pharynx

Epiglottis

Duct of Glottis

Alveoli Larynx

Trachea

Bronchi

Bronchioles

Lungs
FIGURE 2.2: The air passageway and the lungs
PhaW;(

2.
| cavity opens into pharynx. At the Re“'""'“?’
. . Pharynx is a common passage for
fl pharynx there is an opening called .
. o food to oesophagus and for air to
s.ltopens in larynx. The glottis is guarded Erayie
by a flap called epiglottis. It prevents food and S—

liquid from entering the windpipe and lungs.
3. Larynx

It is a box present between pharynx and
trachea. Larynx is also called the voice box.
Two fibrous bands called vocal cords are

The vibrations of vocal cords and
the movements of lips, cheeks,
tongue and jaws produce specific
sounds which resultin speech.

N N
e



attached to the inner walls of larynx. The vibrations of vocal cords produce
sounds.

4. Trachea and Bronchi Layrnx

Trachea (windpipe) is a 12 cm (4.72 inches)
long tube attached with larynx. It ends in two
branches called bronchi (singular: bronchus). Trachea C-shaped
Each bronchus enters into the lung of its side. tilage

The inner walls of trachea and bronchi are O

lined with mucus and cilia. Mucus traps fine dust O
particles and bacteria. Cilia move these particles ®
and mucus upwards to the pharynx. In the walls of

trachea, C-shaped cartilages are present. While @ tI:IGURE 2.4: Lungs

the walls of bronchi have plate-like cartilages.

These cartilages prevent trachea and bronchi ?‘ Bronchi

from collapsing even when there is no airin them Bronchiole Elattgl-like
artilage

FIGURE 2.3: Cartilage in Trachea

5. Bronchioles and Alveoli
Inside lungs, both bronchi ¢ t@ to
he chest wall is made up of 12

divide into very small tubes calle ioles.
As the branching continues, t mount oairs of ribs and the rib muscles

cartilage in the walls decrea¥s. Cartilage IS | called inter-coastal muscles.

absent in the smallest b@chiol ch _—
bronchiole ends at an aI@ar ductyhistduct opens into a cluster of pouches.
These thin-walled po a eoli (singular: alveolus). Each alveolus is
surrounded by bl illar en air reaches alveoli, oxygen moves from
the air into bloo& d carbon Wioxide passes out of blood into the air in the

alveoli. Trachea
A\ —
B. Thelungs Right lung

is a pair of lungs in the

tho cavity. From above and \
?lungs are enclosed by the chest

wall. While, there is a thick muscular

structure, called diaphragm below

lungs. Lungs are spongy and elastic

organs. The left lung is slightly /F'“id

smaller than the right lung. There are —

two lobes in the left lung while right Diaphragm

lung has three lobes. Lungs are Figure 2.4: Lungs

/ Left lung

Pleura




enclosed in a double membrane called pleura. Its inner layer is attached to the
surface of the lungs while the outer layer lines the inner surface of the chest wall
and the diaphragm. It contains a pleural fluid for reducing friction between
lungs and the chest wall.

Blood Circulation in Lungs — Arteriole Alveol
Pul . Deoxygenated\‘ veolus
ulmonary artery carries 0 4o o
deoxygenated blogd from fies
heart to lungs. Inside each
lung, the pulmonary artery
divides into smaller arterioles.
. .. Oxygenated \
The arterioles divide further ., 04 returns +
and make capillaries around — @
the alveoli. After surrounding AN \
the alveoli, the capillaries join Venule
to form venules. The venules Fig PBlood circulation in lungs
jointo form pulmonary vein (around an alveolus)

which carries oxygenated blood backto ear
2.2 THEMECHANISM FM&
The physical movemen r ing a|r s and then removing air from

lungs are called as breathln re ar @ hases of breathing i.e., inhalation
and exhalation.

1. Inhalation (' i tlo
Inhalation m% to the lungs. The following events occur

@

$ Ribcage Ribcage

Air moves
enters out

expands moves
inwards and
downwards
Diaphragm Diaphragm
moves down moves up
(a) (b)

Figure 2.6: Breathing; (a)- Inhalation (b)- Exhalation
15




during inhalation;

The intercostal muscles (muscles located between the ribs) contract to
expand the ribcage. At the same time, diaphragm also contracts and moves
down. These two contractions increase the volume of the chest. So, pressure
inside the chestis reduced and airis moved into lungs.

2. Exhalation (expiration)

Exhalation means moving the air out of the lungs. The followin nts
occur during exhalation;

The intercostal muscles relax to move
b . d h . diabh | We lose Ql re of water a
ribcage inwards. At the same time diaphragm also reathing. This

day th
relaxes and moves up. These two movements | s %{er vapour we see

decrease the volume of the chest. So, pressure e breathe onto glass.
inside the chestincreases and air is forced out. E—
The Rate of Breathing ?\

Humans breathe 16 -20 times per n normal conditions i.e., at
rest. During exercise or hard job, muscle ut ce lar respiration at greater
rate. So, more carbon dioxide is prod resp centre in brain detects
greater concentration of carbon in sends messages to the
muscles of ribs and diaphrag eater spe e speed of contraction and
relaxation of these muscles ingf@gses. So, breathlng rate increases up to 30-

40 times per minute.

Composition of the I@aled s}e Exhaled Air

Oxygen %;33; 21 16
Carbor@ﬂe %age 0.04 4
Ni n ‘%age 79 79
&apours Variable Saturated
Vs‘emperature Variable Almost equal to body
temperature
Dust particles Variable Almost none
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/ C EXERCISE

Select the correct answers for the following questions.

Breathing means;

a) Breakdown of C-H bonds to produce energy

b) Movements that take airin and out of body

¢) Getting oxygen from the air and removing carbon dioxide %

d) Transport of oxygen through blood to different parts ofth@

Which path does air take immediately after passing thr@ e larynx?
I

a) Pharynx b)Bronchi  ¢)Trachea + veoli
Why are alveoli surrounded by capillaries?

a) To absorb water b) To exc ng&ases

¢) To produce mucus d)Tot stparticles
Which feature of alveoli helpsin rapid change?

a) Thick walls a edlameter

¢) Moist surface Gjt

Which action increases Iunv%é

a) Relaxing the diaphrag
¢) Closing the trachea |ffen|ng alveolarwalls
Which factor contrgls t reath te?

a) Carbon dioxi 7@

c) Carbondi

btood \ b) Oxygen in blood
: m@ d) Oxygenin muscles
Write sh& swers.

Diffe%@*e between gaseous exchange and breathing.

*

Differehtiate between breathing and cellular respiration.
t is the function of cartilages present in the walls of trachea and

onchi?
What is the average breathing rate in human at rest and during exercise?
How does the structure of alveoli maximize gas exchange?
Write answers in detail.

Explain the process of inhalation and exhalation step by step.
Write a short note on the major parts of the human air passageway.
Describe the functions and locations of the bronchus, trachea, and alveoli.




ORY SYSTEM

\/A wéms\vu@ BLOOD

I\~ Students Learning Outcomes

r studying this chapter, students will be able to:

Describe how the blood is circulated inside the human body.
N Explain how blood is used to transport materials throughout the human body.
Identify the different types of organs connected to the blood system and their

roles.
-] Identify the different components that make up the blood.
-] Name the cell types found in blood and their roles.

L -] Explain the structure of the heart with a diagram.




The transport system consists of two key parts i.e., (i) blood circulatory
system, and (ii) lymphatic system. In this chapter, you will study the details of the
blood circulatory system. The main components of human blood circulatory
system are blood, heart, and blood vessels.

3.1 BLOOD ANDITS COMPONENTS

Blood is a type of connective tissue. Its main function is to {rgnsport
materials through the body. It carries important materials to wher,
needed. It transports oxygen from the lungs to all body cells and
dioxide back to the lungs for removal. Blood also delivers s from the
digestive system to the cells, hormones from glands to targe ns, and waste
products from the cells to kidneys for excretion.

About 55% of blood is composed of a fluid porz&alled plasma while
45% of blood is made up of cells or cell-like bodies. dult human has about 5

litres blood in the bodly. &v
C) Water: 91%
ma Proteins: 8%

After some time \ Others: 1%
—
O Q White blood cells
& Cell-like & Platelets: 0.9%

\ bodies
. 45% Red blood cells: 99.1%

Fresh blood

RE 3.1¢ tage composition of blood

It is Qg uid portlon of blood. Plasma is Ibrinogen 15 remove

from blood plasma, the rest
compQgs 2% of water, 7-9% of proteins and 1% P

is called serum.
of ot}z stances.

roteins: Antibodies are important plasma proteins. Antibodies defend
the body against pathogens. Fibrinogen is also a plasma protein. It is
responsible for blood clotting. Albumin is a plasma protein which
maintains the osmotic pressure of blood.

e Salts: The important plasma salts are made of sodium, chloride, and
bicarbonate ions. In addition, there are little amounts of calcium,
magnesium, copper, potassium, and zinc.

e Nutrients, wastes and hormones: Plasma contains nutrients like




glucose, lipids, and amino acids etc. They enter blood from the digestive
system. The wastes produced by cells are also present in plasma.
Hormones secreted by endocrine glands are also carried by plasma.

e Respiratory gases:
Small amounts of carbon Blood vessel / rlasm
dioxide and oxygen are
dissolved in plasma. \&
Oxygen is mainly carried O
by RBCs but about 1.5% O

of oxygen is also present Q
y9 P Platelet \,
\ +

in plasma in dissolved

form. Similarly, about 5- @

7% of carbon dioxide is White
carried as dissolved in blood cell

plasma. Re
blood

OIGU R\@Iood composition

2. Blood Cells (and Cell-li |es)
Red Blood Cells (Erythrocyte 6

Red blood cells (RBC%& disc- d cells with a depression at the
centre. They contain are hae bm It transports oxygen and little
amount of carbon d|o here 4 to 5.5 million RBCs per mm® of blood.
Before and |mmed after RBCs are formed in liver and spleen. In
adults, they are fo nthe ne marrow of short bones (sternum, ribs

ring the formation of an RBC, its [

There are more than 30
elles are broken down. The average | trillion RBCs throughout

and vertebrae
nucleus an

life spanof ah RBC is about 120 days. When RBCs | the body. About 2 million
com eir age, they are removed by spleen, bone Efecrilsd;i:n”f s lisfplizd

and liver. —]
’&e Blood Cells (Leukocytes)

White blood cells (WBCs) are colourless and have irregular shapes. They are
formed in the red bone marrow. Some WBCs mature in lymph nodes, tonsils,
thymus, or spleen. WBCs are larger in size and less in number than RBCs. Each
mm’ of blood normally contains about 7,000 WBCs. They defend the body
against diseases. Their life span depends upon the needs. There are several types
of WBCs.




1. Granulocytes: These WBCs have granules in cytoplasm. They include
neutrophils, eosinophils, and basophils. Their names tell the staining
properties of their cytoplasm. Neutrophils destroy bacteria and clean up
dead cells at infection sites. Eosinophils fight with parasites and cause
allergic reactions. Basophils release histamine to cause inflammation and
produce allergic responses.

2. Agranulocytes: They have clear cytoplasm. There are two es of
agranulocytes i.e., monocytes and lymphocytes. Monoc ake
macrophages which engulf the germs and dead cells. @ ocytes
make antibodies against pathogens.

Cell-like bodies i.e., Platelets (Thrombocytes) 6\*
Platelets are not whole cells. They are
small fragments of large cells of bone | Macro sdlemthe process of killing

. e the white substance called pus,
span is 7 to 12 days. A mm’ of bIood& tinfection sites. P

contains 250,000 platelets.

When a blood vessel is dan—% \
platelets gather at the damaged s (b'
they convert plasma proteln f| ogen 6

into fibrin. The fibrin moIecu@f rma n@
that traps RBCs. The mass ibrin

RBCs hardens. This ha ss is
clot. The clot prevé eedm% the

damaged vessel i | red

marrow. Platelets lack a nucleus. Their life t?\% s. The dead cells accumulate

—_—

FIGURE 3.3: A macrophage engulfing the bacteria

A Damaged
PlateQ blood vessel Clot

X |

FIGURE 3.4: Formation of clot by platelets




3.2 HUMAN HEART

The heart is a muscular organ that pumps blood through a network of
blood vessels. The heart lies within the chest cavity, behind the breast bone
(sternum), between the two lungs.

Structure of the Heart

There is a tough, sac-like membrane around the
. . . . The left ve s the
heart. It is called pericardium. It secretes a fluid around Erocs £ st
heart. This fluid reduces friction between the pericardium chamb@t e heart.

and heart. Like birds and other mammals, human heart 1@ -
has two sides. The wall between the left and right sides is ¢ septum. Each
side is divided into two chambers. The upper chambers ar “?d atria (singular:
atrium), and lower chambers are called ventricles. The gﬁgzave thinner walls as

compared to ventricles. ?\
Special flaps called valves are present bet he chambers of both sides.
The valves open in only one direction. The e etween right atrium and right

ventricle is called tricuspid valve (made ¢f 3 flaps). Theyalve between left atrium
and left ventricle is called bicuspid mad laps). As the ventricles
contract, tricuspid and bICUSpId Vv se. S ood cannot flow back into

atria. In this way, blood is p from ntrlcles into large vessels. A
semilunar valve is present Q ntrlcles and large vessels. These
valves prevent blood from Io bac he ventricles.

The Circulation of
*
The right sid cts blood from
body and send the Iu while the left side IOxygenated blood is bright
collects bloo the lungs and sends it to the ;edi(De(;JXyge”ated blood is
body. It m that human heart works as a double arkred. i

pump? onein the following way.

veins i.e., superior and inferior vena cavae bring deoxygenated blood
@hlgh concentration of CO, and low concentration of O,) from parts of the
y (other than lungs). These veins open in the right atrium. The right atrium
contracts and sends this blood into the right ventricle. The right ventricle
contracts and pumps this blood into pulmonary arteries. The pulmonary arteries
take this blood to lungs. In lungs, CO, diffuses out of the blood, and O, diffuses
into the blood.

From lungs, pulmonary veins carry the oxygenated blood back. These
veins open in the left atrium of heart. This blood is pumped into left ventricle.

(z)




FIGURE 3.5:
Human heart; structure
and blood circulation

Superior vena cava
brings deoxygenated
blood from upper body
to right atrium.

Right atrium
sends blood to
right ventricle.

Tricuspid valve

Right ventricle
sends blood to
pulmonary arteries.

Inferior vena cava
brings deoxygenated
blood from lower body
to right atrium.

 ——— .
Due to high pressure in

systemic :
circulation, blood can re Qall
body parts. On the ot @d, due
to low pressure i Ximona
circulation, blood In lungs in

slow speed. It ufficient time

Pulmonary

Q@n lungs.

ventricle contracts it

he blood into a large

vessel called aorta. From

aorta, this blood is transported to
all parts of the body.

Pulmonary and systemic
circulations: The flow of blood
from heart to lungs and then from
lungs to heartis called pulmonary

forgaseous

Whe
pu

(8

Aorta
takes oxygentaed
blood to body parts. o

Pulmonary arteries
take blood to lungs.

(5]

Pulmonary veins
carry blo om

lungs to rum.
; atrium
nds blood to left

ventricle.

Bicuspid valve

Left ventricle
sends blood to
aorta.

ilunar

60' Septum

Left
ventricle

Right
ventricle

Systemic circulation

BODY
SYSTEMS

FIGURE 3.6: Pulmonary and systemic circulations




circulation. Similarly, the flow of blood from heart to the body tissues and then
from body tissues to heart is called systemic circulation.

Heartbeat

The alternating contraction (systole) and relaxation (diastole) of heart
chambers makes one heartbeat. The average human heart beats 70 times per
minute. Thisis also called the heart rate. A heartbeat has two phases.

e Systole occurs when both ventricles

i During systole “lyla¥s6und
contract to pump the blood into pulmonary | is produced K)o the
arteries and aorta. Cb|05ln9 of &ickspid and

. . . ICUSpI
e Diastole occurs immediately after systole p‘ [F—

when both atria relax so that blood enters 'pyg; ghﬂastole “dubb”
the atria. Contraction of the atria fills the g&it@sproduced dueto the

ventricles. l ing of semilunar valves. j

@ ¥
5\ 0\ VSemilunar
é'\ closed
e O -

4
A Systole Diastole

FIGURE 3.7: One Heartbeat

3. é@oon VESSELS

Arteries

Arteries carry blood away from the heart. In adults, all arteries carry
oxygenated blood, with the exception of pulmonary arteries. The thick walls of
arteries are made of: an inner layer of endothelium, a middle layer of smooth
muscles and elastic tissues, and an outer layer of connective tissue. Arteries are
strong and elastic. The hollow internal cavity of arteries in which the blood flows
is called lumen. When arteries enter body organs, they divide into smaller vessels

e




known as arterioles. The arterioles enter tissues and divide into capillaries.
2. Capillaries

Capillaries are the smallest blood vessels. The walls of capillaries are
composed of only a single layer of cells i.e., endothelium. This layer is so thin that
water, nutrients and oxygen can pass through it to enter the tissue fluid. Similarly,
carbon dioxide and other wastes present in tissue fluid can pass through it to
enter blood. In tissues, capillaries unite to form small veins, called verh%The
venules unite to form veins. O

O

3. Veins
Veins carry blood towards the heart. In adult ,\@veins carry
deoxygenated blood, with the exception of pulmonary r\@ e walls of vein
are composed of the same three layers as are presenl)'x artery wall i.e,, an
inner layer of endothelium, a middle layer of smooghmuScle and elastic tissues,
and an outer layer of connective tissue. %’ ins, the middle layer is
S

comparatively thin as compared to arteries esser smooth muscles and
elastic tissues. The lumen of the veinsis b t an that of arteries. Most veins

have valves that prevent the back flow Q

A éﬂ’

. 9 e
rtery w ol \ / Vein
* Q Venule
\ @: ries ~

@—— Connective tissue —

Smooth muscles

O e
$ - \/
Valve

Endothelium

Capillary

FIGURE 3.8: Blood vessels




3.4 ARTERIAL AND VENOUS SYSTEMS

Arterial System

. Arteries of Pulmonary circulation: A large artery called pulmonary
trunk carries deoxygenated blood from right ventricle. It branches into
two smaller pulmonary arteries, with one artery going to each lung.

Superior 7‘.

vena cava
Pulmonary artery
Pulmonary vein
Dorsal aorta

Coronary

artery & vein Renal artery

Renal vein

Inferior
vena cava

—,

Femoral artery

wary

\

Aorta makes right and left
coronary arteries which
supply oxygenated blood to
the heart muscles. From

Femoral vein
heart muscle deoxygenated
blood returns to left atrium
through coronary veins. | "' FIGURE 3.9:
438

Major arteries and veins in human body
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Arteries of Systemic circulation: Oxygenated blood is pumped from left
ventricle into aorta. It forms arteries which supply blood to head,
shoulders and arms. Aorta passes through the thorax and becomes
dorsal aorta. It makes many arteries that supply blood to all parts of the
lower region. For example, hepatic artery supplies blood to the liver and
renal arteries supply blood to kidneys. Aorta divides and makes two

Venous System

femoral arteries which supply blood to legs. l

Veins of Pulmonary circulation: Two p———
pulmonary veins carry oxygenated blood \tff;r;fj iar:z . | uallygé:rLlitréze
from lungs to the left atrium of heart. d\, —_

Veins of Systemic circulation: Two major veins {g”,3uperior vena cava
and the inferior vena cava carry deoxygenated d from body to right
atrium. The superior vena cava is made by\}#wing of veins from head,
shoulders and arms. The inferior vena c made of many veins from
parts of the lower region. For exa , two femoral veins from legs
empty into inferior vena cava. Refial yeins carppblood from the kidneys.
The hepatic portal vein carri fro x ntary canal to the liver.
From liver, a hepa ood t% feriorvena cava.
/

e

Select the correc@swers f«t'h following questions.

.

Which comp of b ainly responsible for carrying oxygen?
a) White cells b) Platelets
¢) Red cells d) Plasma
A perd®h with low platelet count is likely to face difficulty in:
hting infections b) Breathing

Clotting blood d) Transporting oxygen
Which of the following layer is found in all blood vessels?
a) Smooth muscle b) Endothelium
c) Skeletal muscle d) Connective tissue

Which of the following contains deoxygenated blood in an adult human?
a) Left atrium b) Pulmonary artery
) Pulmonary vein d) Aorta
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When fibrinogen makes blood clot it separates from blood and the rest is;

a) Plasma b) Lymph ¢) Serum d) Pus

Which heart chamber has the thickest walls?

a) Right atrium b) Left atrium c) Left ventricle d) Right ventricle
The exchange of materials between the blood and tissues occurs in;

a) Arteries b) Veins

c) Capillaries d) Arteries and veins $

All veins carry deoxygenated blood exceptthe___ vein. O

a) Vena cava b) Hepatic portal ,@
) Pulmonary d) Renal 6\.

Write short answers.

List the types of cells present in blood along \Wheirfunctions.
Differentiate between atria and ventrlcleY
Trace the flow of blood from the ven

|dentify the causes and treatment of yoc farctlon
Colour the following dia '%{ ea show oxygenated and
deoxygenated blood. Lab eren&ures as marked.

\%

arious body parts.

$0

4@ —

>

Write answers in detail.

Describe the functions of the components of blood.

Explain how blood transports materials throughout the human body.
Explain the structure of the heart with a diagram.

Compare the structure and function of an artery, a vein and a capillary.




' Q Students Learning Outcomes
“Qr studying this chapter, students will be able to:
@ dentify the different organs of urinary system.

Q$ Relate the structure of the kidney with its function.
State that nephron is the excretory unit of kidney.

o Locate the different parts of nephrons and relate them with their function.
o State that main role of the kidney is urine formation.
o Describe that urine formation involves three processes i.e., filtration,
reabsorption and secretion.
\ o Explain that the kidney plays an important role in osmoregulation.




The urinary system regulates the internal environment of body. It ensures
that waste products and excess substances are removed from body. In this
chapter, we will study the structure and functions of the human urinary system
and the related kidney disorders.

4.1 HUMAN URINARY SYSTEM

The human urinary
system (excretory system)
consists of a pair of kidneys, a
pair of ureters, a urinary
bladder and a urethra. Kidneys
remove extra water, salts and
nitrogenous wastes from
blood and make urine. From

. Ureter
each kidney, a tube called
ureter carries urine to the &v
urinary bladder. The urinary
bladder temporarily stores
urine. The urethra is the tube %

that carries urine from the Iadder

urinary bladder to the out5|de 0 e
IEE ra
FIGURE 4.1: The Urinary System

r|nary system. Renal arteries supply them
astes( urea, extra water and salts). Kidneys filter these

nd then excrete them in the form of urine.

Hilus

Kidney

The Kidneys
Kidneys are t

blood with meta

wastes from bl

Kidn re bean-shaped organs having a concave and a convex side. They
are in the abdominal cavity, below the diaphragm, on the sides of
vergefra) tolumn. The concave side of each kidney is towards vertebral column.
!§ idney is a little higher than the right. Kidneys are dark-red in colour. Each

eyisabout 10cmlong, 5cm wide and 4 cm thick.
Structure of the Kidney

External structure: Kidney is surrounded by a tough tissue called renal
capsule. On the concave side of kidney, there is a depression called hilus. Itis the
point from where renal artery enters in kidney and renal vein and ureter leave
kidney.
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Internal structure: Renal Pyramid
Internally, a kidney is
divided into two regions.
The outerregioniscalled  Renal Artery
renal cortex while the

Renal Cortex

i i . —— Renal Capsule
inner one is called renal Renal Vein p
medulla. There are many

. —  Ren ulla
cone-shaped areas in .
renal medulla, called RenalPelvis O

renal pyramids. The
base of each pyramid
faces the renal cortex FIGURE 4.2: Struct@ ldney

while its tip is in a cavity called renal pelvis. It extends ?&; side of kidneys and

forms a ureter. ?\

Nephron Y
The functional unit of kidney are called'n ons. There are more than one

<
TP

Ureter

Proximal
convoluted -
tubule

™ Distal

convoluted |
tubule

V>nu|e 4 Loop of J
@Q Henle

$ ——— Collecting

a|ngny |euay

duct

Blood /

Capillaries  1o\wards

Ureter
FIGURE 4.3: The Structure of Nephron




million nephrons in each kidney. A nephron consists of two parts i.e., renal
corpuscle and renal tubule.

1. Renal corpuscle: It is the first part of nephron and is composed of
glomerulus and the Bowman's capsule. The glomerulus is a network of
capillaries while the Bowman's capsule is the cup-shaped structure
around the glomerulus.

2. Renal tubule: It is a long tube attached with the Bowman's caps has
three parts. The first part is convoluted and is called th imal
convoluted tubule. The middle part is U-shaped and is ca@t e Loop
of Henle. The last part is again convoluted and is the distal
convoluted tubule.

The distal convoluted tubules of many nep @open in a single
collecting duct. Many collecting ducts join together afd open into the renal
pelvis.

4.2 FUNCTIONINGOF THE KR

Kidneys control the chemical oﬁpjsitio lood. They take waste
materials from blood and convert the@rlne. It r\\ sinthree steps.

e

1. Pressure Filtration

Blood enters kidney th&gh a renal artery.Fg = i and e -
The artery divides into artei§les.” Each filtered through the glomerular
arteriole divides into th illariesyof gtomerulus. |capillaries because they are
When blood reaches @ rulu ié&%sureisvery CEOEYEEEINEES |
high. So, many smé\o ecul er, salts, glucose and urea etc.) move out of
glomerulus. Th terials entd Bowman's capsule. This step is called pressure
filtration. Th ed material in Bowman's capsule is called glomerular filtrate.
Itisabout?2 fthe blood plasma that enters the glomerulus.
2. sorption

e glomerular filtrate moves to the next part of nephroni.e., renal tubule.
useful materials are reabsorbed from glomerular filtrate into the blood
capillaries surrounding the renal tubule.

e Large amount of water, nearly 100% of glucose and amino acids, and
most of the salts are reabsorbed from proximal convoluted tube.

e Some water is reabsorbed from descending limb of the loop of Henle.
Large amounts of salts are reabsorbed from ascending limb of the loop of
Henle.
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e Some water is also reabsorbed from distal convoluted tubule and
collecting duct.
3. Tubular Secretion

When useful materials are reabsorbed into blood, some of the remaining
wastes present in blood are secreted from blood capillaries to renal tubule. It is
an active transport process and is called tubular secretion.

After reabsorption and tubular secretion, the filtrate in the renalwes is

known as urine. Urine from all nephrons moves to the renal pelvi renal
pelvis, urine moves to the urinary bladder via ureters. Here it is s When the
urinary bladder is filled, urine is passed out through urethra. \'

Bowman’'s Proximal Loop of Dj Collecting

capsule tubule Henle duct

Arteriole

Glomerulus ————
Blood from
arteriole Blood
towards
venule
P

Cap 9
) FILTRATION from blagd t5e
=) REABSORPTIQ ep o od i
Urine towards
B SECRETION Iood ureter

@ FIGURE 4.4: Functioning of Kidney
Role of Kill;eys in Osmoregulation
oregulation means the control of the amount of water according to
b eds. Kidneys are the main organs which work for osmoregulation. They
| the amount of water in blood. So, the amount of water in other body
fluidsis also controlled.

e Diluted Urine: If there is excess water in blood, more water is filtered from
the glomerulus to Bowman's capsule. There is less reabsorption of water
from renal tubule to capillaries. In this way, abundant dilute urine is
produced and the amount of water in blood is brought to normal.

e Concentrated Urine: If the amount of water in blood is less than normal,




Q¥

1.
2.

less water is filtered from the glomerulus to Bowman's capsule. There is
more reabsorption of water from renal tubule to capillaries. In this way,
concentrated urine is produced and the water is preserved in blood.

( EXERCISE

Select the correct answers for the following questions. i !

The process of regulating the amount of water in body fluid is ¢

a) Filtration b) Reabsorption O
c) Tubular secretion d) Osmoregulation )\'
What happensin the proximal convoluted tubule of on?
a) Blood is filtered by glomerulus \

b) Reabsorption of water and nutrients occu?\

c) Urineis stored ?\
d) Water is secreted into the bIoodstré&

Which structure is responsible for Ite ng b produce urine?
a) Nephron b)Renal pelvis )Ureteyq' d) Renal capsule
Which structure in nephro esponsib iltering blood?

a) Loop of Henle &omerulus
¢) Proximal convolute ule istal convoluted tubule

In which part of n, th sorption of nutrients occurs?
a) Glomerulus b) Proximal convoluted tubule
Q) Loop of d) Distal convoluted tubule
WhIC ssin nephron involves the active transport of materials from
bIoo B to nephron?
tratlon b) Reabsorption
Secretlon d) Excretion

Which is NOT present in the filtrate entering the Bowman's capsule of
nephron?

a) Water b) Calciumions

¢) Blood cells d)Urea

Write short answers.

Enlist the main parts of the human urinary system.

Briefly describe how kidneys control the composition of blood.
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Name the major parts of a nephron.
Differentiate between:

Excretion and osmoregulation
Renal cortex and renal medulla

iii. Renalcorpuscleand renaltubule

Pressure filtration and tubular secretion
Label the parts of the diagrams (A) and (B): O$
| N 3\500
% V\Q)
/ Rl
@, \ng

Write answers in detail.
Write a note on the struc Q

Describe the structure draw a labelled diagram.
Describe the proce fpres %& tion and re-absorption in kidneys.

What |stubular@ Es@ elps in removing wastes from blood?

>
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dent arning Outcomes
e Aft @Iymg this chapter, students will be able to:

@  Describe the nervous system and its role.
ss the central nervous system and peripheral nervous system.
tline the types of neurons with diagrams.
Define a stimulus with examples.

State that nerve impulses are electrical signals that travel across neuron.

@  Define and sketch synapses.

@  Introduce neurotransmitters.

@  Explain through sketching a diagram the involvement of the nervous system when
a person accidentally touches something painfully hot and withdraws their hands
as a reflex.

@  Explain the endocrine system.

\ @ Identify the major endocrine glands and hormones with their functions.
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BACKGROUND INFORMATION

Coordinated Action: A coordinated action has five components;
1. Stimulus

Any factor in external or internal
environment, which can initiate a response

in the body;, is called a stimulus. For example, \l
touch, light, sound, heat, cold, pressure, O
infection etc. are the stimuli. O

2. Receptor )\\'Q
The organ, tissue or cell which receives stimuli IThe Jmﬁ between two

is called the receptor. For example, ears are the | neu d between a neuron
receptors for the stimulus of sound. Receptors send g&ld ahother cell is called
the messages of stimulus to coordinators. pse. |

3. Coordinator &

A coordinator receives informati r@w rec and sends messages to
particular organs for proper action. In n@ oordi% “brain and spinal cord are
coordinators. In chemical coordinatVQ crine% s are the coordinators.

4. Effector

These are the parts o@ bod;@ receive coordinator's message and
00

perform specific actions. ervous)% rdination, muscles and glands are the
eﬁectors.WhiIeinchec ordi a, ifferent tissues of the body act as effectors.

5. Respon
A resporéihe action performed by effectors, on receiving the message from
coordinatoQ ample, pulling our hand away from something very hot.

Coor@@on means integration among different parts of the body and their
r e to stimuli in order to keep harmony with the environment.

rdination occurs in all multicellular organisms. Animals possess two systems
for this functioni.e., nervous system and endocrine system.

5.1 NEURONS-THEUNITS OF NERVOUS SYSTEM

Neurons or nerve cells are the cells that transmit messages in the body in
the form of nerve impulses.
Nerve Impulse: It is a wave of electrochemical changes that travels across
the membranes of neurons.
(57




Structure of Neuron

A neuron consists of three major parts i.e., cell body, dendrites and axon.
The cell body contains the nucleus, other organelles and most of the cytoplasm.
Small branches which project from the cell body are called dendrites. They
transmit nerve impulses towards cell body. Axon is a long branch from cell body.
Its terminal end is further branched. Axon transmits nerve impulses from cell

body to other neurons, muscles, or glands. $

‘\ \J
Node
Nucleus Cell body \ 5\~
Axon a& /
o~ &
. =N ap
Dendrite ’3‘\,@ Wi lasiads

N - *v‘/

&nn cell ' 2lin sheath

r:n‘amm&a

FIGURE 5. 1 odel ? (Motor Neuron)
g ———

Neurons are supp te ed cells, In the Central Nervous System
called neuroglia. ‘Sc n ceI a type of| cNs), myelinated axons form
neuroglia. In many ns, Sc ceIIs produce the white matter, and the
insulating coveri ed myalin sheaths over the non-myelinated axons,

brane of 5. Axons which are covered by | dendrites and cellbodies form
mem. a : ] Y the grey matter
myelin she called myelinated. The axons —_—
which {@?t covered with myelin sheath are called non-myelinated. The myelin
shea% terrupted at intervals by small gaps called nodes of Ranvier. In
Ifeted neurons, nerve impulses 'jump’ from node to node. This increases
speed of nerve impulse.

Synapse and Neurotransmitters

A synapse is a small gap between two neurons or between a neuron and
an effector cell. When nerve impulse reaches the end of a neuron, it cannot jump
directly to the next neuron or effector. Neurotransmitters are special chemicals
that help to carry messages across a synapse.

When a nerve impulse reaches the end of a neuron, it releases




neurotransmitters. They travel across
the synapse and attach to the next
neuron or effector cell. It helps the
nerve impulse to continue its journey.
Examples of neurotransmitters include
dopamine and serotonin.

/Neuron 1

Neurotransmitter

Types of Neurons Nerve Imp
1. Sensory neurons

transmit nerve impulses
from receptors to the CNS. Neuron ’

2. Inter-neurons are present in
brain and spinal cord. They
receive impulses from sensory
neurons and transmit them to
motor neurons.

pse

: Synapse

arts of body, the cell bodies
rohs form groups enveloped by
membranes. $ groups of cell bodies
alled (Smgular ganglion).

3. Motor neurons transmit nerve
impulses from inter-neurons t

effectors (muscle or gIands).Q

Csfyx@

O(\

Stimulus— Recepto
3 —
R -— Effector/ Motor neuron

\

Inter-neuron

FIGURE 5.3: Types of Neuron Nerve z
rve Neood
. . Axon

A nerve is collection of axons that are \
enveloped by a covering of connective tissue.
Nerves arise from brain and spinal cord and make A A
the Peripheral Nervous System (PNS). There are J 4
three types of nerves, on the basis of axons present i

. . -
in them. Sensory nerves contain the axons of Coe

FIGURE 5.4: Nerve




sensory neurons only. Motor nerves contain the axons of motor neurons only.
Mixed nerves contain the axons of sensory and motor neurons.

5.2 DIVISIONS OF THE NERVOUS SYSTEM

There are two major
components of  nervous
system i.e, central nervous
system (CNS) and peripheral

1

nervous system (PNS). The = :.\
. . e, \WgS.
CNS comprises of brain and ;’?\%‘,

spinal cord. The PNS consists
of nerves that arise from brain
and spinal cord and spread in
different parts of body.

N
7 re;
.2 W

PNS[Nerves

All these components
are made of neurons and
supporting (neuroglial) cells.

1.  Central Nervous Syste
The central nervous systeans sofb

A. Brain
. S he average adult human brain weighs
All life activities a@mder%e 1.4 kg, or about 2% of total body weight.
control of brain. Brain'Qoresent insi It contains about 100 billion neurons.
n .

cranium (part of sk sid m,

brain is covered b, e la membranes, collectively called meninges.
Meninges protec% brain frots harmful substances. Brain contains fluid-filled
cavities calle @ ricles. The ventricles of brain are continuous with the central
canal of spMal cord. Fluid within ventricles and central canal is called
cereb ynal fluid (CSF). The brain can be divided into three major parts:

for in, midbrain and hindbrain.
$ Forebrain
ltisthe largest area of brain. Following are the major parts of this region.
(i)- Cerebrum is the largest part of forebrain. A deep groove (longitudinal
fissure) divides the cerebrum into right and left cerebral hemispheres.

——
The upper layer of both'Each hemisphere receives information from the

hemispheres is highly folded and is  opposite side of the body and sends message to

: that side. For example, the sensation of a touch on
called cerebral cortex. It is made of the right hand is received by the left hemisphere.
—_—

.5: CNS and PNS
d spinal cord.
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Hemisphere Hemisphere \
FIGURE 5.6: Cerebral hemispheres an lobes

grey matter (containing cell bodies and n —Vgﬁnated axons). The material
beneath cortex is white matter (containim inated axons).

Each hemisphere is further diyi mto f es. The frontal lobe
contains regions for problem soI ment (aa ing, and movements. The
parietal lobe has regions for Ign ge and to he temporal lobe contains

regions which deal with mem Iearm ellngs and hearing. The occipital
lobe has regions for vision an Iorp

(ii)- Thalamus is?tructur pped by the cerebrum. It conveys
information comingr cep e cerebrum. Thalamus is alsoinvolved in
pain perceptiona sciou

(iii)- Hy amus lies above midbrain and just below thalamus. In
humans, it @t the size of an almond. It regulates body temperature, hunger,
thirst, slegp, ahd emotional states. It also controls the secretions of the major
endo@land i.e., pituitary gland.

idbrain

The midbrain is located between forebrain and]
Medulla oblongata, pons, and
hindbrain. So, itis a bridge between these two parts. It midbrain connect the rest of
conveys information between them. It also enables brain to spinal cord. They are

the body to make adjustments to movements. Itis | collectively called brain stem. |
also responsible for sleep/wake, alertness and temperature regulation.
3. Hindbrain

Hindbrain controls all automatic body functions. It consists of three parts.
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FIGURE 5.7; rycture of, )

(i)- Medulla oblongatg3 isQ the top@t e spinal cord. It transmits

impulses between spinal ¢ and th wher parts of brain. It controls
autonomic functions such heartsx heart rate, breathing and blood
pressure. It also controls thes suckas vdmiting, coughing, sneezing.

(ii)- Cerebell ehin lla oblongata. Itis the second largest part.
Its surface is highl d.ltc ates balance and muscle movements.

(iii)- Ponsys‘present on top of the medulla. It makes connections between
the spinal d cerebellum, and between cerebrum and cerebellum. It also
regul lertness, sleep, and wakefulness.

B al Cord

& tis a tubular bundle of nerves that starts from brain and extends to lower
k.Itis located in vertebral column. Itis also covered by meninges. Spinal cord
transmits impulses between brain and body parts. It also acts as a coordinating
centre for some simple reflexes.

The outer region of spinal cord is made of white matter. The central
region is made of grey matter. It is butterfly shaped and surrounds the central
canal. Thirty-one pairs of spinal nerves arise from spinal cord. All the spinal
nerves are "mixed" nerves because each contains axons of both sensory and
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Axon of Dorsal Inter-
Sensory neuron root neuron

Ganglion

Spir&'

n
Axon of  Ventral  Grey White 6

motor neuron root matter matter @

FIGURE 5.8: Spinal Cord and Spinal Nerv;, +

motor neurons. The dorsal root contains sensory axo?w&a d a ganglion where
cell bodies are located. The ventral root contains a f motor neurons.

2.  Peripheral Nervous System (P
It is composed of nerves and theil gapdlia. Humans have 12 pairs of

cranial nerves and 31 pairs of spinal@ve . Sor@ial nerves are sensory,

Central Spin

Brain
Nervous
System r Q
| \
Cranial nerves 0

Sen;&@t\\way % Motor pathway

Peripher; Somatic Autonomic
Nerv% nervous system nervous system
y@ (to skeletal muscles) (to cardiac muscles,
smooth muscles and glands)

Sympathetic Parasympathetic
nervous system nervous system

Transmits impulses. Controls . | Prepares body for : . Normalizes the
from receptors ! | consciousand emergency ¢t overall activity .
] to CNS . +voluntary actions! ! situations L ] of body )

FIGURE 5.9: The Divisions of Nervous System
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some are motor and some are mixed. On the other hand, all spinal nerves are
mixed. The cranial and spinal nerves make two pathways i.e. sensory pathway
(conducting impulses from receptors to CNS) and motor pathway (conducting
impulses from CNS to effectors). Motor pathway makes two systems.

(i) Somatic Nervous System: It controls conscious and voluntary actions.
Itincludes all of the motor neurons that are connected to skeletal muscles.

(ii) Autonomic Nervous System: It consists of motor neuron t are
connected to cardiac muscles, smooth muscle and glands. It is gener ithout
conscious control. Autonomic nervous system consists of syn‘@ etic and
parasympathetic systems. Sympathetic nervous system res body in
emergency situations. This is often called the "fight or fli response. This
system dilates pupils, speeds up heartbeat, increases b g rate and inhibits
digestion. When there is no stress, parasympathetic ne us system normalizes
the activity of body. It is called “rest and dlgest" nse. It causes pupils to
contract, promotes dlgestlon and normallz of heartbeat.

Reflex Action When a recep mulated it sends information to the
Reflex actions are | brain. The | her entre, ain (regions of cerebrum)

. . analyse t tlon d messages for appropriate
the qUIck lnvoluntary actl ctions a er our conscious control and

response in which brain is arec voluntar s. Some regions of brain control

not involved. Reflex actions Ithout ny @nscious control. Such actions are
are controlled by a reflex invo ctions

l!ter neuron

Q)

Skin receptors detect
the stimulus of heat

@ Inter-neuron @

Motor neuron
transmits the nerve impulse  carries nerve impulse @
to motor neuron to effector Effector (muscles of arm)

produces response
FIGURE 5.10: Reflex arc in a Reflex Action (hand in pulled away)
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arc. A reflex arc is the pathway of neurons over which the nerve impulses travel
during a reflexaction.

Example:

We pull our hand away from a hot flame without thinking about it. It is a
reflex action and happens in the following way;

1. Skin receptors detect the stimulus of heat.
2. Sensory neuron sends nerve impulse to inter-neuron of spinal CSF
3. Theinter-neuron transmits the nerve impulse to motor neur

4. The motor neuron carries the nerve impulse to effector ( sofarm).
5. The effector produces aresponse by contracting. So, o dis pulled.
5.3 ENDOCRINESYSTEM ,@

Itis the other system responsible for coordination : : :
in animals. The endocrine system consists ?Tﬁa secretion of saliva from salivary
h

gfands is an involuntary action.

special endocrine glands which produc en we start chewing food in

secrete hormones. Hormones are thec mi , bram sends message to
released from endocrine gland, w Iate

Iso happen when we smell,

glands to secrete saliva. It
different . body functions row ‘§§oreven|mag|nefood
reproduction, and glucose levelin Bidod etc —_

The endocrine glands t haye s to pour their hormones. That is
why; they are also called ductless hey secrete hormones into blood

which carries them to rent p the
body. The followin ¥ e majo ocrine
glands and their | tanthor

1. Pit:i&@ land
Itis all gland presentin the brain.

Itis su&@jed from the hypothalamus by a

sh @ . There are two lobes of pituitary
@ l.e., anterior lobe and posterior lobe.

a Hormones of Anterior Lobe of

Pituitary

1. Growth hormone (GH) stimulates the Naseer Soomro was once the tallest

growth of muscle, pone, and other tissues. If ;?;er? Ikr;ulzaEZ?eqég:dwgistaz:}ynZIr;ﬂ
growth hormone is produced more than problem at the age of 10. His pituitary
normal, it results in extra growth in body. gland produced excess amounts of the
This condition is called gigantism. On the ~GrowthHormone.

(&)




other hand, if growth hormone is produced less than normal, it results in less
growth in body. This condition is known as dwarfism.

2. Adreno-cortico-tropic hormone (ACTH) stimulates the adrenal cortex
gland to produce its hormones.

3. Thyroid-stimulating hormone (TSH) stimulates the thyroid gland to
produce its hormone (thyroxine).

4. Luteinizing hormone (LH) is needed for the release of egg Wrom
ovary (ovulation) in females. In males, it stimulates the testes to @Jce sex
t

hormones. Anterior lobe also produces follicle stimulating horm SH) that is
involved in the reproductive system. \
b. Hormones of Posterior Lobe of Pituitary

The hypothalamus produces two hormones)@are stored in the
posterior lobe of pituitary gland.

1. Antidiuretic hormone (ADH), also ca Easopressin, increases the
reabsorption of water from nephrons in kidneys.

Thyroid
) ) gland
Anterior Posterior
lobe lobe
Parathyroid
Pituitary gland * Q arathyroi
\ glands
6 (on the posterior

side of thyroid)
Pancreas

Adrenal gland
(above kidney)

Ovary
(only in females)
Testis
(only in males)

FIGURE 5.11: Important endocrine glands in human body
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2. Oxytocin initiates contractions in uterus during childbirth. It also
stimulates the flow of milk during breastfeeding.

2. Thyroid gland
Itis located near the lower part of the larynx. It secretes two hormones.

i. Thyroxin stimulates enzymes of cellular metabolism (glucose oxidation)

forenergy production. Itincreases basal metabolic rate and so produces heat.
If thyroxine is produced less than the required amount, | | lodine is required for th @\ uction
cellular metabolism slows down. It results in lethargy, | of thyroxine. If a per acks iodine
weight gain, and low heart rate and low body |in diet, thyroid«g ;*. annot make

temperature. hormone. In tjis ®gAdition, thyroid
If thyroxine is produced more than required, cellular gland enla his disorder is

metabolism becomes faster. It results in weight loss; and called g%@ OIUETT 15 ey [EIE I

. - . Pakista use iodine is added to
high bl high h high
t;?np:rggjcrle!oressure, igh heart rate, and high body C ercially available table salt.

—_—]

ii. Calcitonin stimulates the transfer &e there is more parathormone, more
of calcium ions from blood to bone, wherOa ium is_transferred from bones to

the calcium ions can be used to genepat '°°d'& bones become weak. The

defici parathormone results in

bone tissue. In this Way' calcitonin L de blood calcium level. It leads to
decrease blood calcium levels. te (muscle twitching, cramps and
3  Parathyroid gland \ \ oo _ 1

The four parathyroid ds ar edded in the back of the thyroid

gland. They secrete a h e call arathormone. It stimulates the transfer
of calcium ions froni ones:& blood. Thus, it has the opposite effect of

calcitonin. 6

4. Adre ands

An a@a gland is located above each kidney. Each adrenal gland has an
inner c@he medaulla, and an outer layer, the cortex.

@1 adrenal medulla produces two

. . . Adrenal
@ones: epinephrine (adrenaline) and ' medulla
no¥-epinephrine (nor-adrenaline). These Adrenal
hormones take part in the emergency \ / gland
response of the sympathetic nervous Adrenal

system. When a person is in emergency, the cortex
medulla releases its hormones to prepare

the body for “fight-or-flight” response.

These hormones increase heart rate, blood

(&)

FIGURE 5.12: Parts of adrenal gland




pressure, blood glucose level, and blood flow to the heart and lungs. They also
stimulate enlargement of the bronchioles and dilation of the pupils.

The adrenal cortex secretes hormones cortisol and aldosterone. Cortisol
promotes the production of glucose from proteins. Aldosterone raises blood
pressure and volume by stimulating salt and water retention by the kidneys.

V. Pancreas

Pancreas has two functions. It is a part of digestive system, Whe?*.plays
the role of a ducted (exocrine) gland and secretes digestive enzymes so has

special cells called the islets of Langerhans (discovered in 18 a German
student, Paul Langerhans). These cells function as an end gland. They
secrete two hormones i.e., insulin and glucagon. They te the level of
glucose in the blood. Insulin lowers the blood glucose stlmulatlng body

release of glucose from liver into the bloodstrea

In diabetes mellitus, the
I bl btai | n dia xcess glucose inhibits water
cells are unable to obtain glucose reab t|o k|dneys producing large

cells to store glucose or use it for energy. In ¢ §tra glucagon stimulates

resulting in high blood glucose | agoWypts furm Its in dehydration and can
concentrations. In type-1 diabetes idney - Excess glucose may also
mellitus. the pancreas does n o} |mb water and salt concentration

! P in body Th ients also experience loss of body

pro.duce required in5U|.in- Fh weight,%akenlngofmusclesandtlredness I
patients are treated with
ount of glucose in blood is measured by this test.

injections of insulin. Ipstype-2
diabetes, insulin is p&d bu
the target cells d Spo is used to diagnose diabetes. Blood glucose may

it. This type of@etes canNbe | be measured on a fasting basis (collected after an 8

ood Glucose Concentration (BGC) Test: The

to 10 hour fasting), randomly (anytime) and after a

controlled t exercise and meal. The results of some BGC tests are given here.
diet. A
Blood Glucose Blood Glucose
After 8 — 10 hours Fast 2 hours after a 75-gram Glucose intake
&C Diagnosis BGC Diagnosis
From 70 to 99 mg/100ml Normal Less than 140 mg/100ml Normal
From 100 to 125 mg/100m| Pre-diabetes|| From 140 to 200 mg/100ml Pre-diabetes
126 mg/100ml and above Diabetes Over 200 mg/100ml Diabetes
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Table 5.1: Summary of Major Endocrine Glands and Their Functions

Gland Hormone Functions
Anterior lobe | Growth hormone Regulates development of muscles and bones
of Pituitary Adrenocorticotropic | Stimulates secretion of cortisol and aldosterone by

hormone the adrenal cortex

Thyroid stimulating Stimulates the thyroid gland to produce itg l

hormone hormone 'a

Luteinizing hormone | Stimulates the ovary to release egg -

Stimulates the testes to produ@ormones
Posterior lobe | Antidiuretic hormone | Increases the reabsorption Q,f_\@ from nephrons
of Pituitary Oxytocin Initiates contractions i ‘during childbirth
Stimulates flow of milk fi breasts
Thyroid Thyroxine Stimulates enzymeS§¢of cellular metabolism
v

Calcitonin Decreasewo&:}cium concentration
Parathyroid Parathormone Increag€s b_I&d calcium concentration
Adrenal Epinephrine, Inj#fa y's res o stress and the “fight-or-
medulla Norepinephrine i ger
Adrenal Cortisol ion of glucose from proteins
e Aldosterone f\K PromojesSglt and water retention by the kidneys
Pancreas Insulin NJ Loww blood glucose level by stimulating

AN\ cells to store glucose or use it
G|UCW mulates release of glucose from liver into blood
N
Ovaries @) G@en and Cause the release of egg from the ovary and
) OYesterone regulate female secondary sex characteristics

Testes ndrogens Regulate male secondary sex characteristics

(Testosterone)

6. é%\ads

onads (ovaries in females and testes in males) are gamete-producing
ordans. They also produce sex hormones.

In females, the ovaries secrete hormones called estrogen and
progesterone. These hormones cause the release of egg from the ovary and
regulate female secondary sex characteristics (e.g., development of breast).

In males, the testes secrete a group of sex hormones called androgens
(e.g., testosterone). It regulates male secondary sex characteristics (e.g., growth
of hair on face and coarseness of voice etc.)

(a0




/ C EXERCISE

Select the correct answers for the following questions.

1. Schwann cells are the supporting cells for neurons. They make:
a) Cell body b) Axon c) Myelin sheath d) Dendrites
2. Which part of the brain controls balance while riding a bicycle? *
a) Cerebrum b) Medulla c)Cerebellum d) Spl@
3. Which part is responsible for sensations of temperat er, thirst,
and sleep?
a) Hypothalamus  b) Thalamus c)Pons ) Cerebellum
4. If a patient cannot remember things, which pa& their brain may be

affected?
a) Cerebrum b) Cerebellum ¢) M?jg d) Spinal cord
5. During danger, which system activat@S\uidkly?

a) Parasympathetic b) Skeletal = (c) docnn@ d) Sympathetic

6. Why are reflex actions fastert rmal a
a) Brain processes them q b) Br ?ﬁ'ot involved
c) Signals move slower &ey need thinking
7. Which of these acts as@crlne as endocrine gland?
a) Pituitary )Thyr c) Adrenal d) Pancreas
8. The chemmaﬁ@eng% endocrine system are called;
a) Transmi rmones ¢) Neurons d) Enzymes
0. What @I appen if hormone of parathyroid gland were missing?
a) LoV&alaum levels b) High blood sugar
ak muscles d) Poor digestion
: @/hlch endocrine gland prepares the body for “fight or flight" response?
a) Thyroid b) Pituitary  c) Adrenal d) Pancreas
Write short answers.

Define stimulus with examples.

Differentiate between sensory, motor, and inter-neurons.
Define reflex action and the reflex arc.

Differentiate between the following:

e




(a) Dendrite and axon
(b) Cerebrum and Cerebellum
(c) Thalamus and Hypothalamus

|dentify the diagram and
label the different parts.

!

Write answersin detaix
an

Describe the structu g@ and support your answer with a
labelled diagram

What are t @e enc @'Similarities among the three types of
neurons?

Write t jor functions of the forebrain, midbrain, and hindbrain.

What | ant by reflex action? Describe an example of reflex action and
igentify the reflex arcin this example.

e the hormones of the pituitary gland and write their functions.
rite notes on adrenal glands, pancreas, ovaries and testes.




Stud§ egrhifg Outcomes
ch @

b)Y l"
~==="After studyi @ students will be able to:

@ Describethe of gam esis and fertilization.
& |dentify, o&rams of the parts of male reproductive system and describe their

functions.
o Identi?y,gn diagrams of the parts of female reproductive system and describe their

ns.
[ ¢
&S

All organisms have the ability to produce new individual or their kind.
Sexual reproduction involves the joining (fusion) of male and female gametes.

6.1 FORMATION OF GAMETES AND FERTILIZATION

Animals have special organs i.e., gonads where special cells called
gametes are made. The gonads in male animals are called testes (Singular: testis)
where male gametesi.e., sperms are produced. The gonads in female animals are

¢




called ovaries where female gametesi.e., egg cells or ova produced.
Formation of Gametes

This process of formation of gametes
is called gametogenesis. It involves the cell
division meiosis. Meiosis results in a
reduction of the number of chromosomes
in gametes to haploid (1n) as compared to
the diploid (2n) number in other body cells.

Duct to
carry sperm

(a) Formation of Male Gametes

The formation of male gametes
(sperms) is called spermatogenesis.
This process occurs in seminiferous
tubules of testes. Follicle stimulating
hormone (FSH) along with the male sex
hormone i.e., testosterone stimulate
sperm production. FSH is produced by

the anterior pituitary gland whil
testosterone is produced by testes. Q
In seminiferous tubules, th other cells, called primary

spermatocytes are present. Ea arys ocyte divides by meiosis-l and
forms two haploid seconda erm Each secondary spermatocyte

divides by meiosis-II. In thisway, fo |d spermatlds are formed. These are
immature sperms. Ch occué&permatlds and they mature into motile
sperms. C\\
| A(I\Mosis-l A | Meiosis-II |
g

Testis

.1: A testis

6 A

A { @ | —
7S

— D — %

Prlmary [ ®\\‘ N\ 4
spermatocyte ‘\\,,, 4 @\

Secondary t\@/ —_—

spermatocytes Spermatids Sporms (1n)

Figure 6.2: Spermatogenesis

(b) Formation of Female Gametes
The formation of female gametes (egg or ovum) is called oogenesis. It




occurs in ovary in a small, fluid-filled sac called follicle. Follicle stimulating
hormone released by the anterior lobe of pituitary gland stimulates the

formation of ovum in follicle. Duct

to carry egg

In follicle, there is a diploid
gamete mother cell called primary
oocyte. It divides by meiosis. As a
result of first meiotic division, two
haploid cells are produced. The larger
cell is called secondary oocyte while
the smaller cell is called first polar
body. In meiosis Il, secondary oocyte
produces two haploid cells i.e., a
second polar body and an egg.

Follicle

Ovary

E 6.3: An ovary

VU.R
| Meiosis-| | Meiosis-Il |
v
&
@
o First Second
Q polar /polar body

Primary

Oocyte @ /’
Secondar. \ @
OQ OOCVt Egg (1n)

Fertilizatio \6

Ferti]i means the fusion of male and female gametes to form a new
cell, %}te In humans, fertilization occurs inside the body of female after
the r % of egg cell from ovary i.e., ovulation. Fertilization occurs in the
fall steps:

Sperms move towards the egg due to the chemical signals released by the

egg or surrounding cells.

2. The acrosome, a cap-like structure on the head of the sperm, releases
enzymes which digest the egg's outer layers, allowing the sperm to reach
the egg cell membrane.

3. The sperm and egg cell membranes fuse. This fusion triggers reactions in
egg. So, the egg's outer layers become impermeable for more sperms.

e

6.4: Oogenesis




(1) Sperms move towards the egg
(2) Acrosome releases Sperm
enzymes to break
layers around the egg Acrosome

e

Enzymes

(3) The sperm and egg cell
membranes fuse L)

(4) Sperm nucleus enters the egg

v

FIGURE 6.5: Step fer |zat|o

4. Afterfusion of membranes, t @m nucl ers the egg.
5. Bothnucleifusetoforma ygo
6.2 REPRODUCTIV EI\@

Male Reproductlve tem
The average male produces

around 1,500 sperm per

It consists of t @;w
second — that's over 100
Testes: Pa| %al -shaped®\glands that produce | million per day!
_—

spermand th S hormone testosterone.

is: A long, coiled tube

attac each testis where sperm Ureter
Vas Bladder
$ d and matured. deferens
Seminal
Vas deferens: A muscular tube  , ciote vesicle
that transports mature sperm from gland
the epididymis to the urethra. Urethra
- . Scrotum
Epididymis

Seminal vesicles: Two small
glands behind the bladder that
produce a sugary fluid to nourish
sperm.

Penis Testis

FIGURE 6.6: Male reproductive system




Prostate gland: A walnut-sized gland below the bladder that adds
protective fluid to the semen.

Urethra: A tube inside the penis that carries semen and urine to the outside
of the body

Penis: An external organ that transfers sperm into female reproductive

tract. N l
Female Reproductive System O
It consists of the following main parts: O
Ovaries: Pair of almond-shaped glands
that produce eggs (ova) and hormones +
like oestrogen and progesterone.
g prog . )@

Fallopian Tubes: Two tubes that ’ ﬂQ\%
transport eggs from the ovaries to the \L %\ =
uterus. Fertilization occurs here. &v

Uterus: A hollow, muscular organ where

a fertilized egg implants and devebé} @

into a foetus during pregnancy.

Cervix: The lower, narrow p the 6
uterus. \
Vagina: A muscular canal th GC&QGURE 6.7: Female reproductive system

the cervix to the out5|de

%&XERCISE

n Selec orrect answers for the following questions.
ich part of the body oogenesis takes place?
@lduct b) Ovary c) Uterus d) Fallopian tube
@ Which of the following is NOT a part of the male reproductive system?
a) Testes b) Uterus ¢) Epididymis d) Prostate gland
3. What is the function of acrosome?

a) Guides the sperm towards egg cell

b) Releases enzymes that help sperm penetrate the egg's outer layers
c.) Activates the egg for fertilization

d) Helps in the fusion of sperm and egg nuclei
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4,

What is the function of the Fallopian tubes?
a) Site of fertilization b) Storage of eggs
c) Secretion of oestrogen d) Transport of sperm to testes

Write short answers.

1.

2.

Complete the chart of spermatogenesis by mentioning the names of cells

and number of chromosomes (2n or 1n). \l
///7;\
o
AT a
o—=<
// \
— O

Complete the chart of oogenesjs entl the names of cells and
number of chromosomes (2n @ \
s\Q
©)
=
@\ $\0 ‘\,J—n
J )
\//’\O @& @
S < P
—%é O

Nam'Ahe parts of the testis and ovary where gamete formation takes

“&
@! t happens to the egg afteritis released from the ovary?

Compare spermatogenesis and oogenesis in terms of the number of
gametes produced.

Write answers in detail.

Describe the process of spermatogenesis.
Describe the functions of the major parts of male reproductive system.
Describe the functions the parts of female reproductive system.
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udents Learning Outcomes
e Afte«&tudymg this chapter, students will be able to:

recessive.

-] the structure of chromosomes.
@ fine genotype and phenotype, allele, homozygous, heterozygous, dominant,

[llustrate Mendelian inheritance laws through monohybrid and dihybrid cross.

\ @ Outline function of DNA as carrier of hereditary information.




An organismis madg Qfa lot ofs'Fructurall—_—Every cell in the body contains
and behavioural characteristics. Organisms are the instructions  for  making
able to pass these characteristics to their ‘Ch?rac’feri#ics-"nSide the C}?”SII this

H . S Information 1s present In long
offspring. Offspring get some character!st!cs elearlcs o Basyberdlie et
from each parent. They also get characteristics | (pNA). The cells use the information
which are not present in their parents. The in their DNA to produce particular
process by which characteristics are transferred Proteins. The proteins made by a cell

. . . determine its characteristics
from parents to offspring is called inheritance

or heredity.
7.1 STRUCTURE OF CHROMOSOME \\'Q

. | S T
Chromosome is made up of |Recalling:
chromatin material. In eukaryotes, # Allthecellsofth sms of aspecies have a
rofthr

. . constantnu e omosomes.
chromatin consists of DNA and

- The bo

. . . iploid (2n). | h
special proteins called histones. the chrd are diploid (2n). It means that
d§5

- ) ) es are in pairs (homologous
Chromatin is a thread-like material. chr. es).

In chromatin, a long molecule of |-& Before cell divisign, the DNA makes a copy of
DNA is wrapped around the bundles elf/In thisw@romatids are formed. When
%e cell div@ ach daughter cell receives one

r

hch . |
$\Q om each chromosome
<

0

>

o

3
Nucleus a

3

D

Proteins
(histones)

FIGURE 7.1: Chemical composition of chromosome




of histones. When a cell is not dividing its chromatin is in the form of fine thread,
scattered in the nucleus. During cell division, chromatin coils and makes compact
structures of chromosomes.

A chromosome is rod-shaped and consists of two identical halves. Each
half of chromosome is called a chromatid. The two chromatids of a
chromosome are attached at a point called centromere. The centromere holds
the two chromatids together until they separate during cell division. %

The prokaryotes have only one chromosome which is made cular
DNA molecule. Itis not bound by a nuclear envelop and is prese%@oplasm.

7.2 DNAANDRNA ~\§'

DNA (Deoxyribonucleic Acid): DNA is a doublg—\'
stranded, helical molecule. It is made of nucleotides.
Each nucleotide of DNA is made of a deoxyribose s :

Nitrogenous
bases

a phosphate group, and a nitrogenous bas ne,
thymine, cytosine, or guanine). The two str e held
together by base pairing (Awith T,and C @). @ bairs of
Gene and Allele \ Nitrogenous

bases
A gene is a segment of D@th t con the
information for a hereditary chagactér. For e¢.ample, the

gene for eye colour, gene fo obe & ) and gene

for the hair texture. Gene eIocated%n romosomes. helix of
sugar and

The locations or pg f ge chromosomes  jiosphate
are known as loci @ar I e chromosomes, DNA
genes are aIsom FIGURE 7.2: DNA
The pa @enes on homologous chromosomes may not contain identical
genes. The’!';nologous chromosomes may have different forms of the same
gene. alternate (different) forms of a gene are called its alleles. For
ex he gene of hair colour can have two alleles. One allele makes hair
nts while the other does not make pigments.
otype

The combination of the alleles is called genotype. When both alleles are
the same, the genotype is homozygous. The genotype, in which both alleles are
different, is called heterozygous. For example, in Fig. 7.4, a cell has genes for eye
colour, hairshape and ear shape. All genes are in pairs.

e Both alleles of the eye colour gene are similar. It means that the genotype
for eye colour is homozygous. Similarly, both alleles of the hair shape
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Eye colour Hair shape Ear shape

Eye colour Hair shape Ear shape
Genes on a chromosome \ E ﬁ
Eye colour Hair shape Ed&gshape

Genes on homologous chror@ es

Brown Straight  Free Lobe / &O

e Alleles of eye cdlobggene are
similar (hopvezygous).
° AIIeIes ﬁ ape gene are
E — si ozygous).
o All ear shape gene are
t (het .
Brown Straight Attached lobe nt (heterozygous)
FIGURE 7.4: Allele &e

gene are similar. It means thati C’ pei @mmozygous.

e Thealleles of the ear shape Qﬁked %rtcharacteristics.OneaIIeIe
makes free earlobe w Ie e other a makes attached earlobe. It
means that the genoty rearsh sheterozygous

In the heterozygo ype llele may mask the working of the
other allele. Such an call&e dominant allele. The allele which is
masked (not expré is C recessive allele. Dominant alleles are

expressed by cap%@ erswh e recessive alleles are expressed by lowercase

letters. For ex , In the pair Tt, the dominant alleles T is responsible for tall
plant whﬂekh} essive allele tis for dwarf plant. So, if a plant has genotype Tt, it
will b tall"plant. The observable outcome of genotype, in the form of
char@ic, is called phenotype.

MENDEL'S LAWS OF INHERITANCE

Gregor Mendel was an Austrian monk, working
in a monastery. From 1856 to 1863, he performed
experiments on garden pea. The results of these
experiments cleared the views of heredity.

Selection of garden pea for experiments

Mendel selected the garden pea for his
FIGURE 7.5: Gregor Mendel
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Flower | Seed Seed Pod Pod Flower Plant

colour | colour | shape colour shape position height
Character @ @
1
4
Purple Yellow| Round Green Flat Axial I
Character ‘ @ )%
2
x\, Short
White Green | Wrinkled| Yellow Cons?ﬂ Terminal (dwarf)
FIGURE 7.6: Distinguishing characters i tudied by Mendel

experiments. His choice was a good one fogse a reasons

1. Peaplants have arelatively shor tlon
2. Pea plant has seven easily di shabl acterlstlcs such as round

versus wrinkled seeds and le versus Iowers
3. Normally, self- polllnat ccurs i ’&@flowers But cross-pollination can
also be performed. Fo s pur e stamens of a flower are removed
and its pollen gral etrans red to the flower of another plant.
0 s er Transfer Removed
poIIe of pollen stamens

bﬁ%

Self poIIlnatlon Cross polllnatlon

FIGURE 7.7: Self and Cross-pollmatlon in pea plants

Mendel's Experiments

Mendel got the true-breeding plants for each characteristic. If a plant with a
characteristic produces offspring with the same characteristic on self-
pollination; it means that the plant is true-breeding for that characteristic. For
example, when a true-breeding tall plant self-pollinates, it will always produce
tall plants. After choosing the true-breeding varieties, Mendel performed




monohybrid crosses. It is a cross in which only one characteristicis studied.
Experiment 1
— —

Mendel crossed a true-breeding tall , o
. . During Mendel's time, most people
plant with a true-breeding short plant. He | pelieved that characteristics of both
called these true-breeding parents as P | parents are mixed together and are
generation. The offspring of this cross were | Passed to offspring. For example, if a
lled the first filial i F1 short plant is crossed with a tal} plant,
calle e nrst n 'a. generation, or the offspring will be medium$i
generation. All offspring of F1 were all tall.
Next, Mendel allowed the tall plants of F1 generation to self Inate. He

called the next generation as F2 generation. He found that 7@ F2 offspring

were tall, while 25% were short. +

/\Vv
e
QLo

Tall Short \ All Tall
| | | |
Parental (P) generation O &0 First Filial (F1) generation

Self Q
poIIinaﬁ O
O

Seeds
Seeds
$ germinate
Tall plant of F1

75% Tall 25% Short
|

F2 generation

FIGURE 7.8: Mendel's experiment

Mendel found the same results over and over again with all the
characteristics.




Conclusions

Concept of Dominance: Mendel explained his results and proposed that there
were two forms (alleles) of the gene of plant height. When two different alleles
are togetherin an organism, one allele may mask the expression of the other. The
allele that shows its effect is called dominant, while the one that is hidden is
called recessive. This is called as the concept of dominance.

Law of Segregation: Mendel explained that each parent has two a%of a
gene. But a parent can only pass one allele to the offspring. Duri@ mete
formation, the alleles separate and there is only one allele in each te. When

fertilization occurs, the offspring has the two alleles again. It i d the law of
segregation. It states that “the alleles are separated duringé’nete formation
and each gamete receives one or the otherallele, butn t@ :

P Tall plant X  Short pl —| Cross-pollination
generation T ?

|

Gametes @
1 Q t (b'\

generation AlINGll (heterozyg
Os\TaII aél
Q \' | Self-pollination
Ta

I Tall

6\ L A/T't\s

'I

.

TT Tt Tt tt
Tall ) ITaII TaIII ) Short

&@ (homozygous) (heterozygous) (homozygous)
FIGURE 7.9: Segregation of alleles

In pea plant, the allele for tallness is dominant. In P generation, one parent
had alleles TT. Each of its gametes received a single T allele. The second parent
had alleles tt. Each of its gametes had a single t allele. When these gametes (T and
t) joined, the new plants in F1 plant received the pair as Tt. So, all F1 plants were
tall. When self-pollination was allowed in F1 tall plant, the results were:

e 25% ofthe F2 generation received both alleles of shortness i.e., tt. So, they
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were short.
e 50% plants of F2 received one T allele and one t. So, they were tall (Tt).

e 25% plants of F2 received both alleles of tallness i.e,, TT. So, they were also tall.
Experiment 2

In his next experiments, Mendel did dihybrid crosses. In a dihybrid cross,
the inheritance of two characteristics is studied at the same time. In such
experiments, studied the characteristics of seed shape (round or wrin and

Cross- polllnatlon

p Plant with Plant with +
Round, Yellow seeds Wrinkled, Green seeds \@
RRYY

rryy

Fl All I
generation P

Rou eII seeds

R r
Self Qt of F1 \0

formatio® Y [RY|rY

Polllnat;{O<\ RrY :W Y |Ry|ry
® @ ©

(D @

RRYY | RRYy | RrYY | Rryy
Q@ Round | Round | Round | Round

@ Yellow | Yellow | Yellow | Yellow \
RRYy RRyy RrYy Rryy F2 generation
Round | Round | Round | Round 9/16: round, yellow

Yellow Green Yellow | Green .
RrYy 3/16: round, green

RrYY RrYy reYy reYy 3/16: wrinkled, yellow
Round Round |Wrinkled|Wrinkled 1/16: wrinkled, green

Yellow | Yellow | Yellow | Yellow

RrYy Rryy reYy reyy
@ Round | Round |Wrinkled|Wrinkled

Yellow Green Yellow Green

FIGURE 7.10: Independent assortment of alleles




seed colour (yellow or green). He first grew true-breeding varieties of pea plants.
One plant had round yellow seeds and the other had wrinkled green seeds.

Mendel crossed these true-breeding plants. All F1 plants produced round
yellow seeds. It proved that the allele for round seeds (R) is dominant over the
allele for wrinkled seeds ®. Similarly, the allele for yellow seeds (Y) is dominant
over the allele for green seeds (y). All the F1 plants were heterozygous for both

seed shape and seed colour (genotype: RrYy). \ l
He allowed self-pollination in the F1 plants and got the F2 gene@o
F2 generation had the following four phenotypes:

e 9/16 that have round, yellow seeds (genotypes: RRY RrYY and

RrYy) ~\.
e 3/16that have round, green seeds (genotypes: R@d Rryy)
e 3/16that have wrinkled, yellow seeds (geno rrYY and rrYy)
e 1/16that have wrinkled, green seeds (gerégiryy)

Conclusions:

.The

Law of Independent Assortment

The F1 plants (RrYy), produced pes of, \QQ{es i.e., RY, Ry, rY,and ry.
When these plants were aIIowed Yo Imaé&e were 16 combinations of

allelesin F2 generation. It mea IIeIes andr segregated independently of
the alleles Y and y. Mendel's ery @ ed to as the law of independent
‘%e dependently of one another during

assortment. |t states thatagllel&s se
the formation of gam

\C)‘ C%EXERCISE

u Selec orrect answers for the following questions.

mosomes of eukaryotes are made of;
ids and proteins b) Lipids and DNA
}$ ¢) RNA and proteins d) DNA and proteins
. What is the relationship between a gene and an allele?
a) Alleles are alternative forms of a gene
b) Genes are alternative forms of an allele

c) Genes mask the effects of genes
d) Alleles and genes are unrelated




The allele that is expressed, when two separate alleles are inherited;
a) Dominant b) Recessive ¢) Homozygous d) Heterozygous

Which of these is a reason why pea plants were suitable for Mendel's
experiments?

a) Long life cycle b) Easy to cross-pollinate
c) Few seeds produced perplant  d) No variation in traits
What does Mendel's Law of Segregation state?

a) Genes are linked together O

b) Each allele separates during gamete formation O

c) Dominant traits appearin all generations l’\\'Q

d) Alleles blend together
In peas, allele for purple flower (P) is dominant the allele for white

flower (p). If a white flower is crossed with erozygous purple flower
(Pp), what will be the ratio of offspring?

a) 100% purple b&?/ou urple & 25% white
€) 50% purple & 50% white 0 /owh'&’

Write short answers.

N
Write down the combinatiana eles ir@metes of a plant, which has
genotype Rryy. s\g \
State Mendel's law ofs@e atic%so
State Mendel's la 'ndeper@\ ssortment.
Define mono@ros @a dihybrid cross and give an example of
each.

Draw a &?tween two pea plants. One of them has round green seeds
(RRyy)\Whife the other has wrinkled yellow seeds (rrYY).

ﬁrentiate between:

eneand allele . F1and F2 generations

e Dominantandrecessive e Homozygous and heterozygous
Write answers in detail.

Write a note on the structure and composition of chromosome.
Why did Mendel choose pea plants for his genetic experiments?

Describe Mendel's experiment on two-character inheritance and state
the law he proposed.

Describe Mendel's Law of Segregation? Give an example.
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Se=c After @mg this chapter, students will be able to:

- Introo'ﬂAblotechnology

the role of yeast in the production of bread and ethanol.
rstand that bacteria are useful in biotechnology and genetic modification.
scr|be the basic method of genetic engineering/genetic modification.
Discuss potential advantages and risks of genetic modification.

Biotechnology is a new branch of biology that involves manipulation of
organisms at molecular and cellular level to get services and products for human
welfare. This field provides benefits in the areas of human health, agriculture,
industries, and environment. In this chapter, we will study the basics of
biotechnology and its applications.




8.1 INTRODUCTION OF BIOTECHNOLOGY

In 1919, Hungarian engineer Karl Ereky first proposed the term
"biotechnology”. It may be defined as the use of living cells or organisms to
create products or processes for specific purposes. Through this technology;

e The hereditary characteristics of organisms are modified.

e New organisms with desired
characters are developed from a cell \&
ora partofan organism. OO

e Any required substance is produced Q

from the modified organism. ~\S,

Modern biotechnology emerged
after the invention of the structure and \Q
function of DNA in 1953. The techniques

being used in modern biotechnology . . _ . _
include f tati bi t DN irfan Wilmut is a British embryologist.
Include fermentation, recombinan was the leader of the research group

technology, cell culture, gene editiffg, jsthatin 199%first produced a mammal (a

genetic engineering, and tissue cul#yi lamb Dolly) from an adult body
Il

etc. e

Importance of Yeastin F tatio’gg — —

Yeast is a microscopi us Q ys a  Fermentation is the oldest form
crucial role in both bre in? a& thanol | ©f Plotechnology. It is used for
I making bread, beer, and yogurt
SScCa

production througha entation. | thousands of years ago.
L 2

Role in Bread Mal% § —
Yeast fer the suga¥s present in the dough and produces carbon

dioxide (CO, @ his gas forms bubbles in the dough, causing it to rise and
become softsand airy. The alcohol produced during this process evaporates

during@ng.
Ro @t anol Production

Yeast ferments sugars from crops like sugarcane or corn to produce
ethanol (alcohol) and carbon dioxide. The ethanol is then purified and used as a
biofuel orinalcoholic beverages.

Importance of Bacteria in Biotechnology

Bacteria are essential tools in biotechnology because they are simple,
fast-growing, and can easily accept new genetic material. Scientists use them for
producing medicines, studying genes, and creating genetically modified
organisms (GMOs).
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Role in Biotechnology

Certain bacteria produce important substances like antibiotics (e.g.,
Streptomyces produces streptomycin). Many bacteria produce enzymes which
scientists use in making cheese and detergents. Similarly, many bacteria produce
vitamins (like vitamin B12). Scientists also use bacteria to clean up oil spills and
waste through a process called bioremediation. In the food industry, bacteria
like Lactobacillus help in making yogurt and cheese by fermenting miIk.$

Role in Genetic Modification O

Scientists use special structures called plasmids (small s of DNA
found in bacteria) as carriers to introduce new genes into ba& cells. In this

way, the modified bacteria start producing proteins from t eign gene. This
method is used to produce: \’

e  Humaninsulinfortreating diabetes
e  Human growth hormone forgro ISorders
e Vaccinesagainstdiseases

Some bacteria are also used to intr@ew g@S into plant cells during
the creation of genetically modified c% \
8.2 GENETICENGINE
Genetic engineering i ined a process of altering (editing) the
genes of organisms or tran ing t es from one organism into other

organisms. In genetlc e erlng |a| enzymes are used to cut and attach
DNA at specific Io ult of genetic engineering, Genetically
Modified Organ re pro . The following are the two main examples of

geneticengin
1. Gen&q{tmg
@e editing is a technique where scientists make changes in the DNA
an organism. These can involve adding, removing, or replacing

parts of DNA. It allows scientists to add, delete, or change parts of the
.Itis done to correct genetic abnormalities and to improve characteristics.

Examples of Gene Editing I_Gene editing is done

1. Curing Genetic Diseases: Scientists are researching | very carefully because
how gene editing can cure diseases caused by changes made to DNA
abnormal genes, such as sickle cell anaemia (a blood | 3" have unexpected

effects.
disorder), cystic fibrosis (a lung disease). —_—

2. Improving Crops: Gene editing can create crops that grow faster, resist
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pests and diseases, and survive droughts better. For example, virus
resistant varieties of tomato and tobacco have been developed. Modified
varieties of soybeans, corn, tomato, and cotton have been produced

which show resistance against herbicides.
3. Producing Better Medicines: Gene editing helps create bacteria that
produce important medicines, like insulin for diabetes.

2- Gene Transfer
Genetic engineers use special vectors to transfer genes into@anism.

@cation

/ / nd
~— isolation

—

T f/ Donor’s &
gene \ f donor’s gene

Piece of (Step 1)
Donor cell chromosome  Attaching donor’s v
gene with plasmid )
Making
- O - O Recombinant DNA
@ (Step 2)

Cleaved ombin@

Plasmid Plasmid DN

Bacterium

A into bacterium

NN
Q Recombinant
x

enetically modified bacterium
Q Gene

/\ Cloning

EQ (Step 3)
Reproduction
O in bacterium

D eD' '@ @2

Preparation of the product by using the donor's gene

FIGURE 8.1: Transfer of gene to an organism and its cloning
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The most commonly used vectors to transfer genes into bacteria are plasmids
and bacteriophages. Plasmids are small, circular DNA molecules present in

some

bacteria. Bacteriophages are the viruses that can enter bacteria. The

following are the steps for transferring a gene into organism e.g. bacteria.

1.

2.

3.

The gene of donor organism is identified and isolated from its
chromosome.

A plasmid is removed from a bacterial cell. The plasmid DMQgicut.
Donor's gene is attached at the cut ends of the plasmid. The id is
now a combination of its original DNA and the new DNA Ec@)r's gene).

Now itis called recombinant DNA. \
The recombinant DNA is put back into a bacterlal ce en bacterial cell
reproduces to form a colony of cells, all gen modified bacteria

contain the recombinant DNA. In this way, § ba erial colony contains

Examples of Gene Transfer

1.

&@*

many copies of the donor's gene. This steg o'called gene cloning.
The human insulin gene is trans nto acterium. The modified
bacteria produce insulin, which ted f ting diabetic patients.
Human growth hormone is %@d in wcally modified bacteria. Itis

used to treat dwarfism.
Interferon (anti-virus p éﬁ)lsm modified bacteria.

In gene therapy, g glne roduce genes into a patient's cells.
Itis used totre |cd|s sof blood (e.g., thalassaemia).

— —
Vaccine agai virus has Some COVID-19 vaccines are
been pr d fFO eaSt through ' made by using mRNA. This mRNA
genetl ification. carries instructions to make a

harmless proteins of the corona
from a bacterium is transferred @ P ) :
virus, which trains the immune

Q cotton and corn crops. The | systemtofight the real virus.
etically modified crops then produce

a natural toxin that kills insects but is safe

for humans. Solden
Gene from a bacterium is transferred
into rice plants. The rice produces beta-

carotene, which the body converts into

vitamin A. Such genetically modified rice
help prevent blindness caused by - fee

vitamin A deficiency. FIGURE 8.2: Golden rice & White rice
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Table 8.1: Products made by using Gene Transfer
Product Genetic Material Organism or Purpose
Transferred Technology Used P
Insulin Human insulin gene Bacteria Treat diabetes
Growth Human growth hormone . Treat growth
Bacteria .
Hormone gene disorders
. . T iral i i
Interferon Human interferon gene Bacteria reat virainiections
and boo
Hepatitis B Surface protein gene of Protect ag
. o . Yeast cells
Vaccine Hepatitis B virus o@ B
Bt Crops Bt toxin gene Cotton, Corn plants resistance
Beta- t i . t vitamin A
Golden Rice eta-carotene producing Rice plants vent vitamin
genes V) deficiency

8.3 APPLICATIONS OF BIOTECHN

The following are the applications of
Food Biotechnology

Biotechnologists have deve
resistant, pest reS|stant
resistant varieties of many

1.

| rus
ough
plants

tain m
ustr|

Enzymes extracted fro
are used in different
production ofalc

Medical B|

In medic
|nthef

$®

es
he

noI

blotech ogy is helplng

protelns like hormones and
mes used for treating various

ases.
Developing vaccines to prevent viral and
bacterial infections.

e Correcting defective genes responsible
for geneticdisorders.

e Production of targeted antibodies for
disease diagnosis and treatment.

(7))

\U

% in Pakistan has led to the
opment of rice varieties that

e resistant to certain diseases and
pests.

Pakistan has also advanced in using
tissue culture technology for the
mass propagation of high-yielding
fruit crops such as mangoes and

citrus. I

In humans more than 3500
disorders are due to errors in genes.
Biotechnologists are trying to
remove such disorders through

biotechnology.

In Human Genome Project,
biologists discovered the locations
of all genes in human body. They
also found the characteristics
controlled by each gene.

Identifying inherited diseases and genetic conditions early.




3.

Environmental Biotechnology
Bioremediation is defined as the use

of organisms such as bacteria, plants, or fungi
to remove or neutralize pollutants from the
environment. Genetically modified bacteria
are used to break down the harmful chemicals
present in waste matters and industrial

discharge. FIGURE 8.3: Saplings to@m forest

4.

Large number of saplings of different plants are produc gh tissue
culture. These saplings are planted to grow new forests '%ted time.
Modified bacteria are also used for extracting dj ’&f

copper and uranium.

Microbes such as bacteria, blue green a and fungi are used to
produce manure. %

Marine Biotechnology ,gm
ani

[t involves the use of marine

minerals e.g.,

evelop new products,

treatments, and technologies. Forexa

o Genetic modificationsinm %s hav faster growth rates.

. Compounds extracteucg marin nlsms (sponges, corals, and
marine bacteria) are o dev ew cancer drugs, antibiotics and
antiviral medlcmes

N

Certain marine @e a are&d,to degrade oil spills, helping to clean up
marine envird

Marine a@are cultyated in large quantities and processed into
biodies anol, and other types of renewable energy.

Enzymss extracted from marine organisms are used in various industries.

uce high-fructose corn syrup (common sweetener in the food
dustry).

Industrial Biotechnology
The following are the main applications of industrial biotechnology.

@example, an enzyme extracted from marine bacteria is used to

Biofuels like ethanol, biodiesel, and biogas are produced. For example,
yeast is used to ferment sugars from crops (corn, sugarcane) into ethanol.
This ethanol can be blended with petrol to produce a cleaner fuel.
Biodegradable plastic (bioplastic) is produced from fermented plant
starch (usually corn or sugarcane).
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. Pharmaceutical products are made through microbial fermentation and
genetic engineering. For example, the production of antibiotics, such as
penicillin, involves the fermentation of specific molds like “Penicillium”.
Similarly, human insulinis produced through bacteria.

8.4 POTENTIAL RISKS OF BIOTECHNOLOGY

Health Concerns: Some people worry that consuming gepgtically
modified foods could cause allergic reactions or long-term health ems.

There is also concern that new genes might interact with hL@ cells in
unexpected ways.

Environmental Impact: GM plants can sometimes polllnate with
wild plants. So, the modified genes can be spread in na osystems It can
lead to create such species that may harm the enV|ronme

Loss of Biodiversity: If farmers mostly crops, traditional and
naturally diverse varieties might becom extinct. This can reduce
biodiversity.

Development of Resistant Pests @and)Wee s@sts exposed repeatedly
to GM crops may evolve into' power@ " th%no longer affected by the
crop's built-in defences. Q

Ethical Issues: Many peoﬁ\ | that |\ moraIIy wrong to alter the natural

genes of living organisms.
é‘zncms

“ Select the tans or the following questions.
Why ar teria commonly used in genetic engineering for producing
pro

ﬁQey naturally produces the required products
G

ey grow quickly and accept human genes
$ ¢) They resist all infections

d) They have a human-like immune system
2. In genetic engineering, the first stepiis:

a) Inserting DNA into the organism

b) Cutting the desired gene from DNA

¢) Growing the modified organism

d) Making proteins from the gene
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3. Which of these is often used as a vector in genetic engineering?

a) Virus b) Fungi ) Yeast d) Blood cell

4. In genetic engineering, the desired gene is usually inserted into a
bacterium by using:
a) Protein b) Another bacterium c) Vector d) Enzyme

5. In genetic engineering, after inserting the gene, the host cell is allowed to:
a) Mutate randomly b) Die naturally
¢) Multiply and express the gene d) Produce waste

OO

6. In genetic engineering, "recombinant DNA" means:
a) Natural DNA b) DNA coﬂ&nistake

c) DNA joined from two sources d) DNA destioyed by enzymes
7. A gene fortoxin productionisinserted into a pIar@
a) Reducing water need b) asing vitamin content
¢) Resisting insect attacks eeding up flowering
8. Genetically modified bacteria produ e IIowmg products, except;
a) Hepatitis Bvaccine h hormone
¢) Insulin eron
9. Which biotechnology pro pag ral infections?
a) Antibiotics Vaca
c) Clotting factors ormone

10.  Golden r|ce|sag aIIym ifie planttomcrease

a) Protein ¢) lron d) Calcium
Write sho éwers é
1. Whatis lation between biotechnology and genetic engineering?
2. Whausgasmid? Where biologists use plasmids in genetic engineering?
3

following diagram shows how a gene is transferred to bacterial cell.
tify the structures labelled as 1to 5.

Donor cell

@*‘{*0

Bacterium




o vk W

What do you mean by genecally modified organism?

List two types of medical products that can be produced using genetic
engineering.

List two ways by which genetic engineering may improve crops.

Write answers in detail.

Explain with examples that food biotechnology has advanced I

agriculture. Q
Explain with examples that medical biotechnology has ad\@
healthcare in diabetes and cancer.

Explain the role of yeast in the production of breadaﬁé*ethanol.
Enlist the steps for transferring a human gene @ acterial cell.
Describe the advantages of gene editing. 2\

igation.

Discuss the potential risks of genetic mv;

A
QQ/O @\QJ
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Pairing Scheme / Instructions for Preparation of Exam Paper
of Biology Matric Tech for Class-10

"The paper of Matric Tech Biology for class 10 will consist of 40 marks. Timing of )
\the paper will be two hours. The paper will be made as per following details:

y ]

>

\

g%nts have to attempt 2 questions The detail is as

\& WS:

Q-4:

Q-6:

Chapter 3
Part b
Chapter 5
Part b
Chapter 7
Part b

Part-l: Q-1:
Objective: | 19 Multiple Choice Questions. The detail is as follows: 1 =10
Chapter {123 /4(5/6|7|8
MCQS 1111211 ]1(1]2 f@
Part-II: Q-2: )&
Subjective: | 4 short answer questions have to be a out of 2x4=8
6. The detail is as follows: ¢
Chapter )ﬁ 213 |5
No. of Short Questions 1\ 1 ZA 2
Q-3:
4 short answer ques e to b @vered out of 2x4=8
6. The detail is as{o\ %
Chapter 7 |8
No. of Short QMlons ’\\A 1 2 |2
Part-lll: This sé Q\MII co ree questions bifurcated in 2x7=14
Subjective: | t a & b\¢arfying 4 & 3 marks each) and
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MODEL PAPER OF BIOLOGY FOR CLASS-10

Objective Type
uiyJuﬁg/CL/g}l)Lu&L/zidlrwr+u/;uﬁdyL_q,t’,,l?lz_qyzig:DmCcB‘Acaglz,:f/lgidir/; oy
,Km;‘"’w_,muﬁ.wfd/';/fg&Kfu,/’uug;;ngn-q/;
Note: Four possible answers A, B, C and D to each question are given. The cho ich
you think is correct, fill that circle with marker or pen ink in the an ook.
Cutting or filling two or more circles will result in zero mark in tha on.
et o &Luﬁ s (i
(i) The part of the stomach just after the oesophagus is called: \
(@)  Fundus Ji o (b) Pylor|c en& o LF,
(c)  Cardiac end 25K (d) (’
“Ld/ uU»L (Inhalation) i ”’Vlrc & I :c'zu i cJu" (ii)
(i) Which of these correctly orders the sjfuctyre thro which air passes during
inhalation?
(@)  Pharynx — trachea — laryn i @’4 Sl S
(b)  Pharynx — larynx — tracheQbronchi Gor — 2SS
()  Larynx — pharynx — brachi > trache& U6 — S S
(d)  Larynx — pharynx — St — SFp e S
XN l,JJ,Lui (deoxygenated) ld}c.v')’/t (i)
(iii)  Trace the correcis @ for nated blood from legs back to the heart:
(@) Femora — Infer a cava — ﬂﬁ'u&':@'{law’/f"hd,/wdm"
Right atriu
(b) Ferr@ atr:iirriﬁs — Inferior vena cava st f 1 fU s
) : ral yeins — Superior vena cava — ﬁﬁ:uy,eu{@;’“gsequﬁ
Right atrium
emoral arteries — Superior vena cava 1 UL e
- Right atrium
Ureter leaves the kidney through: te b2 sl e py (V)
(@) pelvis vk (b) hilus et
(¢ papillary duct A8 (d) collecting duct L
(V) Tubular secretion is a/an: ?%ij’/fﬁv/&‘ﬁfg/wf (v)
(@)  active transport w224 (b) diffusion Wids
() osmosis J ¥ (d) passive transport L
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(vi)  The function of glucagon is to: ;%(ggdfg,t? (vi)

(@)  accelerates protein synthesis within cells V/f;/?{;Juf,,?/;;Lu,}é
(b)  stimulates release of glucose from liver by SN e o
()  decrease release of glucose from liver SN LSS
d slow down glucose formation from SN SIS
lactic acid
(vii)  Fertilization usually occurs in the: S QU bl (Vi)

(@)  uterus g (b) vagina .

(c) fallopian tube LR (d) cervix @

LL“MJJ’UUL//%;U}’: Foz (Vi)
(vill)  When two different alleles are present then the allele which appears is ¢ &
@) dominant <45 (b) recessive %
Jcizﬁf

(¢ homozygous uacjjm (d) hetrozyg
uu P*me/@' (ix)

(ix)  If a gene from bacteria is transferred into corn, t§ ntage is:
d

(@) larger corn R W (b) uction of (00048

size atural toxin M
(©  more vitamins Ak fast Vi = §2
QKJM @J“J/ Ll Uty ()
(x)  Which of it is used as a n gene ineering:
(@  virus \K//U fungi ¢
()  yeast g blood cell SCEP
g\gjbj%le Type (Part 1)

Q.2: Write answers to any four(04) questions: ez L etyr@ia )
(i) St o functions of the liver other than digestion. i L L2 ®
(ii) V&Ieura? Write its function. -Ufﬁf{‘f’?%‘fﬁ”}z (i)
(I ive the names and functions of any two proteins present in blood plasma.

_U:J Juélj;i(téu)?;4;;u’cﬁruﬁtjlg Zy# (i)
(iv) What are agranulocytes? Write its types. B _
_g‘.‘.‘”u/ ((ﬁld/ U1tut (Agranulocytes) U~ YT Gv)

(v) Compare the functions of thalamus and hypothalamus. _u“/;;ku;éﬂgwug W)

(vi) Name any four hormones secreted by anterior lobe of pituitary gland.

s AL Ao S Lt e L E SO o




:gaylﬁ/:?éaﬂl/“)/kc.éf
Q.3: Write short answers to any four(04) questions:

NS VY S LT RE  PENC)

(i) Differentiate between pressure filtration and tubular secretion.

-@/J@'gdbﬁ.'it’)}%}/,/ﬁ’dz’ﬁ’ (i)

(i) Compare the functions of estrogen and progesterone.

(iii) What is the composition of eukaryotic chromatin? ?€_ng&<;/§¥§ hH)
-Ufﬁ.’;«g}?”:?g&};u{/z’u}’L}lr‘&lj’[guj Jix Gv)
(iv)  Why did Mendel choose pea plant as an experimental materi two
reasons.

_Q/u“u,m/ﬂ/;éut (Geneticgb*ﬁc\gtion) d‘ﬁ'&w %)

(v) Mention the role of bacteria in Genetic Modification.

(vi)  Write any two potential risks of biotechnology. el M LEIL L (VD)

Subjective Typ& rt 1)

Note: Attempt any two questions.

@Lwéuu’ym—.&f e
Q4. (a) Justify the importance of I|v§%ﬁcrea stlon

tufgtfuid/,u/;l/cu"c ),
(b) Compare the structure functl@n artery, a vein and a capillary.

_u:/'/JGJ {JGJU}!:}L/JG/%;%/}:UQ/ ()

Q.5. (a) Explain tl%%gans of testis and ovary where the gametes
are f;

‘-wd.&fqu/wt‘ntfur"ufédwwﬂ ()

at are the differences and similarities among the three types of

neu rons? "
ISR LSuE (O

Q.6. (a) Enlist the steps for transferring a human gene into a bacterial cell.
SIenb Ll SR L, el mdn (5D

(b) Describe Mendel Law of Segregation.

M/utau%“g/?_swwxg ()






