
ANIMAL TISSUES

 y Tissue is a group of cells with common origin, structure and 
function that work together to perform a particular function. 
For example, Blood, bone, cartilage are some examples of 
animal tissues.

 y The study of tissue is called histology. The term was coined 
by Meyer.

Importance of Tissue in Living Organisms

 y It brings about division of labour in multicellular organisms. 
The division of labour increases the survival rate of multi 
cellular organism. 

 y Tissues become organized to form organs, which in 
turn forms organ systems. It increases the efficiency of 
multicellular organisms. 

 y Tissue decreases the workload of individual cells.
  Animal tissues are 4 types: Epithelial, Connective, 

Muscular, and Neural.

A. EPITHELIAL TISSUE (Also Called as 
Epithelium)

 y Epithelial tissue is the simplest animal tissue that forms 
the continuous sheet of closely packed cells that covers all 
external and internal surface of the animal body. Thus, it is 
also known as covering tissue. 

 y The epithelial cells lie close together with little or no 
intercellular substance. The cells are held together by 
various types of junctions and small amount of cementing 
materials. The epithelial membrane rests over an extra-
cellular layer of white, non-elastic collagen fibres called 
basement membrane. This membrane connects the epithelial 
tissue to the underlying connective tissue.

Epithelial tissues are of two types: Simple and Compound.

1. Simple Epithelium
 It is composed of a single layer of cells. It lines body cavities, 

ducts and tubes. 
 Based on structural modification of cells, simple epithelium 

is divided into three types.
 (a) Squamous epithelium

 ² It consists of a single layer of flat cells with irregular 
boundaries. 

 ² It is found in the walls of the blood vessels and in the 
lining of alveoli.
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Fig. Squamous epithelium

  Function
 ² It protects the underlying structures from mechanical 

injury and germs. 
 ² As squamous epithelium lines the Bowman’s capsule, 

it helps in ultrafiltration. 
 ² In blood capillaries, the epithelium helps in exchange 

of materials between blood and tissue. 
 ² In alveoli of lungs, epithelium helps in exchange of 

gases between blood and atmosphere. 
 (b) Cuboidal (cubical) epithelium

 ² The cuboidal epithelium is made up of cube like cells, 
which are square in section but their polygonal in 
surface view. 

 ² The nucleus is centrally placed and round in 
structure.

 ² Microvilli may be present on the free surface which 
increases the surface area of absorption. 

 ² They are found in the uriniferous tubules, thyroid 
vesicles, salivary and pancreatic ducts.
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Fig. Cuboidal epithelium

  Functions
 ² The cuboidal epithelium helps in secretion, excretion 

and absorption. 
 ² It also provides mechanical support to the part where 

they are found.
 (c)  Columnar epithelium

 ² Columnar epithelium is tall and pillar-like. The nucleus 
is oval and lies at the base. 

 ² The free surface bears a number of tiny finger like 
projections called microvilli. Microvilli increase the 
surface area for absorption. 

 ² They are found in the lining layer of stomach, intestine 
and their glands. They are also present in the salivary 
glands, sweat glands, tear glands, and covering of 
epiglottis. 

  Functions
 ² Columnar epithelium lines the intestine and is 

specialized to absorb nutrients. 
 ² Goblet cell is a modified columnar cell, which 

produces mucus. 
 ² It also provides protection to the underlying tissues.
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Fig. Columnar epithelium

 The modified columnar epithelium is known as pseudo-stratified 
epithelium. It is found in the nasal and genital tracts.
On the basis of specific functions, the epithelial tissue is 
classified into ciliated and glandular epithelium.

 (i) Ciliated Epithelium
 ² Ciliated epithelium is cuboidal or columnar cells that 

bear cilia at their free surface. 
 ² Ciliated cuboidal epithelium is found in sperm ducts 

and uriniferous tubules. 
 ² Ciliated columnar epithelium is found in the inner 

lining of respiratory tract (trachea or wind pipe) and 
oviducts (fallopian tube).

  Functions:
 ² The beating of cilia helps to keep the unwanted particles 

from entering into the lungs. 
 ² Cilia also help in pushing the ovum in oviduct.
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Fig. Ciliated columnar epithelium

 (ii) Glandular Epithelium
 ² Glandular epithelium is actually a modification of 

columnar epithelium. The epithelium is infolded to 
form multicellular glands.

 ² The glandular epithelium is found lining the intestine 
and glands. 

 ² Function: The glands secrete sweat from sweat 
glands, oil from oil glands, enzymes from digestive 
glands, hormones from endocrine glands, mucus from 
mucus glands, etc.
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Fig. Glandular epithelium

 They are of two types
 y Unicellular: Consists of isolated glandular cells. E.g. goblet 

cells of the alimentary canal.
 y Multicellular: Contains cluster of cells. E.g. salivary 

glands.

 Based on mode of pouring of secretions, glands are of two 
types:

 y Exocrine glands: Exocrine glands release their secretion 
like mucus, saliva, earwax, oil, milk, digestive enzymes etc. 
through ducts (tubes) at specific sites. For example, salivary 
gland secretes saliva in the mouth through salivary duct.

 y Endocrine glands (Ductless glands): Endocrine glands 
secrete their secretions directly into the blood. They do not 
have ducts. They produce hormones. For example, pituitary 
gland, thyroid gland etc.
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2. Compound Epithelium
 y They are composed of more than one layer (multi-layered) 

of cells.
 y They cover the dry surface of skin, moist surface of buccal 

cavity, pharynx, inner lining of ducts of salivary glands and 
pancreatic ducts.

 y Functions: It is involved mainly in the function of providing 
protection and has a limited role in secretion and absorption. 
They protect against chemical and mechanical stresses.

Difference between simple epithelium  
and compound epithelium

Simple Epithelium Compound Epithelium
It is composed of only one layer 
of cells.

It is composed of many layers of 
cells.

It is mainly involved in the function 
of absorption and secretion.

It is mainly involved in the function 
of protection and has a limited role 
in absorption and secretion.

It is present in the lining of the 
stomach, intestine.

It is present in the lining of the 
pharynx and buccal cavity.

Specialized Junction between Epithelial Cells  
(Cell Junctions)
These are the junctions that provide structural and functional links 
between adjacent cells. They are of three types.
 (i) Tight junctions: They help to stop substances from leaking 

across a tissue.
 (ii) Adhering junctions: They perform cementing function to 

keep neighbouring cells together. 
  They are of three types: Zonula adherens, Desmosomes 

(Macula adherens) and Hemidesomsomes.
 (iii) Gap junctions: They facilitate the cells to communicate 

with each other by connecting the cytoplasm of adjoining 
cells, for rapid transfer of ions, small molecules and 
sometimes big molecules.
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Fig. Cell junctions

B. CONNECTIVE TISSUE
 y Connective tissue is a fundamental animal tissue that has 

scattered living cells embedded in matrix. The matrix and 
cells are different in different connective tissues. 

 y Matrix is the ground substance and is secreted by the living 
cells of the connective tissue. It may be jelly-like, fluid or 
solid.

 y In all connective tissues except blood, the cells (fibroblasts) 
secrete fibres of structural proteins called collagen or elastin 
that provide strength, elasticity and flexibility to tissue.

  Functions of connective tissue:
 ² It helps in binding the different structures of the body. 

For example, muscle with bone, bone with bone, and 
muscle with skin. 

 ² It forms the packing material in different organs. 
 ² Skeletal connective tissue like bones and cartilage 

forms supportive framework of the body. 
 ² Fluid connective tissue like blood forms an internal 

transport system of the body. 
 ² The cells present inside connective tissue protect the 

body against microbes and toxins. 
 ² It also forms shock absorbing cushions around organs 

like eye, heart and kidneys. 
 ² It helps in connecting, binding, packing and supporting 

different structures of the animal body. Thus, it helps 
the body to function as an integrated whole. 

Based on the nature of matrix, connective tissue is divided into 
three types:
(i) Connective Tissue proper (matrix is jelly-like, i.e. less rigid)
(ii) Skeletal Tissue (matrix is solid i.e. rigid)
(iii) Vascular Tissue (matrix is a fluid called plasma)

I. Connective Tissue Proper
It is type of connective tissue that has jelly-like matrix and three 
types of fibres- white collagen, yellow elastin and reticular fibres. 
The living cells present may include fibroblasts, mast cells, plasma 
cells, macrophages and lymphocytes. 

It is of two types

A. Loose Connective Tissue Proper
 In this, cells (fibroblasts, macrophages, mast cells etc.) and 

fibres are loosely arranged in a semi-fluid matrix. It has fewer 
fibres and more of matrix. It is of two types: Areolar tissue and 
Adipose tissue. 

 (a) Areolar Tissue: It is the most widely spread connective 
tissue in the body. The non-living intercellular matrix 
contains irregular shaped cells and two kinds of fibers. The 
cells forming the tissue are: 

 (i) Fibroblasts, which form the yellow fibers, made 
of elastin and white fibers, made of collagen in the 
matrix. 

 (ii) Macrophages that help in engulfing the bacteria and 
micro-organisms. 

 (iii) Mast cells that secrete heparin. Heparin helps in 
clotting of blood.

  Location: Areolar tissues are found inside organs, around 
blood vessels, muscles and nerve. It also occurs below sub-
cutaneous tissue and structures like muscles and skin.
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  Functions:
 ² It helps in binding skin with underlying parts. 
 ² It provides packing material in various organs. 
 ² It provides material for repair of injury. 
 ² Macrophages present in tissue feed on microbes, 

produce antibodies to fight against infection. 
 ² Mast cells in tissue are involved in allergic reac-

tions.

Cilia

Columnar
cell

Nucleus

Basement
membrane
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 (b) Adipose Tissue: It is a type of connective tissue that is 
specialized to store fat called adipose cells. The fats are 
stored inside cells called adipocytes. Adipocytes are large 
cells with one or more globules of fat and peripheral 
cytoplasm with nucleus at one end. Like areolar tissue, the 
adipose tissue has also soft jelly like matrix, living cells like 
fibroblasts, macrophages, mast cells etc. and two types of 
fibers called collagen and elastin.

  Location: The tissue is found below the skin, around 
internal organs and inside yellow bone marrow. 

  Functions:
 ² Adipose tissue acts as storage tissue that stores fat in 

reserve for use when required. 
 ² It acts as shock absorbing cushion around certain 

organs.
 ² It forms insulating layer below the skin. It keeps the 

body warm.
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Fig. Adipose tissue

B. Dense Connective Tissues
 In this, fibres and fibroblasts are compactly packed. It has more 

of fibres and less amount of matrix. It is of two types:
 (a) Dense regular connective tissues: They show regular 

pattern of fibres. Collagen fibres are present in rows 
between many parallel bundles of fibres. E.g. tendons and 
ligaments.

  (i) Tendon: It is a tough, non- fibrous, dense, white fibrous 
connective tissue. It has great strength but limited 
flexibility.

  Function: It joins a skeletal muscle to a bone, thereby 
helping the bone to move on contraction and relaxation 
of the muscle.

 (ii) Ligament: It is a dense yellow fibrous connective tissue. 
It has considerable strength and high elasticity. 

  Function: Ligament binds a bone with another bone, 
thereby allowing bending and rotation movements over 
a joint. 

  Sprain is caused by excessive pulling of ligaments.
 (b) Dense irregular connective tissues: They have irregular 

pattern of fibres. It has fibroblasts and many fibres (mostly 
collagen) that are oriented differently. This tissue is present 
in skin.

II. Supportive Connective Tissues (Cartilage  & 
Bones )
It is a connective tissue in which matrix is rigid and the living cells 
occur in fluid filled spaces called lacunae.
(a) Cartilage

 y Cartilage is a non-porous, firm but flexible supportive tissue. 
Matrix is solid and pliable (due to chondroitin salts) and 
resists compression.

 y It has solid matrix which is composed of chondrin. Chondrin 
is secreted by the chondrocytes. Chondrocytes lie in the 
matrix singly or in groups of two or four surrounded by fluid 
filled space called lacunae. Cartilage is usually covered by 
a tough fibrous membrane called perichondrium. 

 y Most of the cartilages in vertebrate embryos are replaced 
by bones in adults.

 y Cartilage is present in the tip of nose, outer ear, joints in the 
vertebral column, limbs and hands in adults.

 y It provides support and flexibility to various parts of the 
body.

Perichondrium Chondrocytes in lacunae

Perichondrium Matrix Elastic Fibers

Fig. Elastic catilage
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(b) Bones
 y Bone is a strong, rigid and non-flexible tissue. Bone is the 

hardest tissue of the body. 
 y It consists of solid matrix with fluid filled lacunae having 

osteocytes or bone cells. 
 y Matrix is composed of collagenous protein complex called 

ossein and mineral matter like salts of calcium, phosphorus, 
and magnesium. 

 y The hardness of bone is due to deposition of mineral matter 
(calcium salts and collagen fibres). 

 y The matrix in mammalian bone like in thigh bone is 
arranged in concentric rings or lamellae around nutrient 
filled haversian canals. 

 y The osteocytes lie on the lamellae and give out branched 
processes which join with those of the adjoining cells. 
Some bones have a central cavity that contains a tissue that 
produces blood cells. 

 y The soft connective tissue present in the bone cavity is 
known as bone marrow. Sheath of bone is called peristeum. 
A layer of osteoblasts or bone forming cells lie below it. 

 y Bones are of two types 
 (i) Spongy bone, in which bone cells are irregulary 

arranged. Such bones are found at the ends of the long 
bones. 

 (ii) Compact bone, in which cells are arranged in circles 
or lamellae around a central canal, haversian canal. 

 y Location: Bones are found all around the body. It forms 
the supportive framework of the body. 

 Functions:
 ² It forms the supportive framework of the body. 
 ² It provides surface for attachment to many muscles. 
 ² It forms joints that take part in body movement and 

locomotion. 
 ² Red bone marrow of bones forms blood cells. 
 ² Bone is a reservoir of calcium, phosphorus and other 

minerals.
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Fig. Bone

Fluid Connective Tissue
It consists of cells and matrix without fibers. Plasma is the extra 
cellular fluid of matrix, the ground substance. Blood is a type of 
fluid connective tissue.

 y Blood is a bright red coloured fluid connective tissue. It is 
a complex of straw-coloured fluid called plasma in which 
various kinds of cells are embedded. Plasma contains large 
number of proteins like fibroblast, albumin and globulin. 

 y The blood cells embedded inside plasma include erythrocytes 
(RBCs), leucocytes (WBCs), and thrombocytes (platelets). 
These components form 45% of blood. 

 y Mammalian erythrocytes are biconcave, coloured cells 
devoid of a nucleus. They help in transporting respiratory 
gases.

 y Leucocytes or white blood cells are nucleated cells. They 
can be divided into two types, granulocytes (neutrophils, 
eosinophils, and basophils) and agranulocytes (lymphocytes 
and monocytes). They help fight against various disease-
causing germs entering the body. 

 y Thrombocytes are cell fragments produced from 
megarkaryocytes of the bone. They play a major role during 
blood coagulation. 

  Functions:
 ² Blood transports gases like oxygen and carbon 

dioxide. 
 ² It also transports food materials like glucose, amino 

acids and fatty acids. 
 ² Blood regulates body temperature by conducting heat 

within the body. 
 ² Blood transports excretory products like urea and uric 

acid to the kidneys. 
 ² White blood cells fight against infection and protect 

body from foreign agents. They are basically soldiers 
of the body. 

 ² Blood platelets help in clotting of blood.

C. MUSCLE TISSUE

 y Each muscle is made of many muscle fibres.
 y The group of muscle fibers is known as muscles. The 

muscle fiber is covered by a sheath of membrane called 
sarcolemma.

 y The cytoplasm of muscle fiber contains a large number 
of fine longitudinally running fibrils called myofibrils. 
Myofibrils are actually the contractile elements of muscle 
fibers. Each myofibril has two types of proteins filaments 
called thicker myosin and thinner actin. The actin and 
myosin filaments slide past each other to shorten the fibrils 
causing the whole muscle to contract. The cytoplasm is 
called the sarcoplasm.

 y Muscles take part in locomotion and movements.
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Fig. Structure of muscle fiber

 y The muscles used to smile are called voluntary muscles. We 
can control smile to express how we are feeling.

Types of Muscle Fibres
On the basis of their location, structure and function, there are three 
types of muscle fibres: skeletal, smooth and cardiac.
(i) Skeletal (striated or voluntary) muscle

 y They are attached to skeletal bones. E.g. Biceps
 y It bears striations in the form of alternate light and dark 

bands. 
 y Muscle fibres are bundled together in a parallel fashion.
 y A sheath of tough connective tissue encloses several bundles 

of muscle fibres.
 y The muscle has the ability to contract rapidly and thus is 

responsible for quick movements.
 y The muscles are also known as voluntary because their 

contraction is under the control of will. 
 y They get fatigued soon. 
 y They are found in the limbs, face, neck and body wall.
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Fig. Striated muscle fiber

(ii) Smooth (non-striated or visceral) muscle
 y Each smooth muscle fiber is spindle-shaped, unbranched 

and uni-nucleated cell. 
 y The muscle fibers do not show striations.
 y Cell junctions hold them together and they are bundled 

together in a connective tissue sheath.
 y They are known as involuntary muscles as their movement 

is not controlled by the mind. 
 y Fatigue is rare in smooth muscle fibers.
 y They are seen in the wall of internal organs such as the 

blood vessels, stomach and intestine.
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Fig. Smooth muscle fiber

(iii) Cardiac muscle
 y They are involuntary muscle seen only in the heart.
 y Cell junctions fuse the plasma membranes of cardiac muscle 

cells and make them stick together.
 y Communication junctions (intercalated discs) at some fusion 

points allow cells to contract as a unit, i.e., when one cell 
receives a signal to contract, other cells also contract.
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Fig. Cardiac muscle fiber

D. NEURAL TISSUE
 y Nervous tissue is specialized to transmit messages in our 

body. They can receive, integrate and transmit stimuli to 
various parts of the body. It is devoid of matrix. Its cell is 
surrounded by a special connective tissue cells. 

 y Nervous tissue contains two types of cells: Neuron and 
neuroglial cells. 

Neuron
 ² It is the functional unit of nervous tissue. It is also known 

as nerve cells. They are the longest cells of the body 
reaching upto a metre in length. 

 y Each neuron is made of three parts:
 (a) Cell body (Cyton): It is a broader nucleated part 

of neuron. Its cytoplasm is called neuroplasm. 
Neuroplasm contains two special structure called 
neurofibrils and Nissl granules.
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 ♦ Neurofibrils are fine fibrils involved in transmission 
of impulses. 

 ♦ Nissl granules are ribosome containing structures. 
They are made of RNA and protein. 

 (b) Dendrons: Dendrons are small, branched protoplasmic 
outgrowths of cell body. Like cyton, dendrites also possess 
neurofibrils and Nissl granules. Dendrons further branch 
into many thin dendrites. 

  Function: Dendrites receive impulses and transmit the same 
towards cyton.

 (c) Axon: Axon is a single, long, fiber like process generally 
arising singly from the cell body of a neuron. It is devoid 
of Nissl granules. However, it contains neurofibrils. Axon 
is surrounded by a sheath called neurolemma of a special 
connective tissue called Schwann cells.

  The axon forms fine branches at its terminal end called nerve 
endings. The nerve ending has knobbed ends in contact 
with muscles, glands, skin etc for providing an impulse 
for activity. Each such junction is called synapse. Synapse 
is meant for transmission of impulse from one neuron to 
another. 

  Function: Axon carries impulses towards the cell body.
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Fig. Structure of a neuron

 y The transmission of impulse is usually carried out with the 
help of a neurotransmitter like acetylcholine. 

 y They are present in brain, spinal cord and nerves. 
  Functions:

 ² It picks and conducts messages from one part of body 
to another. 

 ² They also receive all types of sensations like sight, 
sound, smell, pain, touch etc. from the outside 
environment and send the message to the brain and 
the spinal cord. In turn, impulses from the brain and 
spinal cord are carried to the various organs. 

 ² Nervous tissue provides responses to all types of 
stimuli. 

 ² It exerts control over entire body activities by 
coordinating the functioning of different body parts.

LEVELS OF STRUCTURAL ORGANISATION
As evolution progressed and larger and larger organism appeared 
with enormous number of cells in the body, it became necessary 
that the bodies function are distributed among group of cells called 
tissues and even among group of tissues. Such higher and higher 
grouping of cells or tissue is known as levels of organization. These 
levels are cellular level, tissue level, organ level, organ system and 
organism.

 y Cellular level: The chemicals are grouped together to 
form the cellular level. Cells are the smallest unit of life. 
The cell has a very complex system of organelles and each 
organelle is concerned with a particular task. Thus there 
is a division of labour at the cellular level. E.g. nerve cell, 
muscle cell etc.

 y Tissue level: The cells that are similar in structure, origin 
and function are grouped together to form tissues. There are 
four main types of tissues: Epithelial, connective, muscular 
and neural tissue. 

 y Organ level: Organ is a group of various tissues that 
performs a specific function. For example, stomach and 
intestine are organs to digest food. Similarly, lungs and 
trachea are organs meant for respiration. All these organs 
are collections of various tissues like connective, epithelial, 
muscular and nervous tissue. 

 y Organ system level: Various organs group together to form 
even larger functional units called organ systems. Organ 
system is a combination of a set of organs all of which 
are usually devoted to one general function. For example, 
Respiratory system (consisting of lungs, trachea, bronchi, 
diaphragm etc) in man are example of organ system that 
works in a coordinated way.

 y Organism level: The complete individual comprised of 
different organ system is known as organism. For example, 
Man, Dog, Cat or a Mustard plant.

 Thus, the different level of organization of the living body is:
 Cells → Tissues → Organs → Organ Systems → Organism

MORPHOLOGY AND ANATOMY
 y Morphology: It is the study of form or external features.
 y Anatomy: It is the study of morphology of internal organs 

of animals.

COCKROACH (Periplaneta americana)
 y Phylum: Arthropoda
 y Class: Insecta
 y Genus: Periplaneta
 y Species: americana

They are nocturnal, omnivores that live in damp places.
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Morphology of Cockroach

Fig. External features of cockroach

 y The adults are about 34-53 mm long.
 y Body is covered by a hard brown chitinous exoskeleton.
 y In each segment, exoskeleton has a hardened plate called 

sclerites (dorsal tergites and ventral sternites). They 
are joined to each other by a thin and flexible articular 
membrane called arthrodial membrane.

 y The body is divided into three regions – head, thorax and 
abdomen.

 (i) Head
 ² It is the anterior most region of the body. Triangular 

head is formed by the fusion of six segments. The 
flexible neck allows the movement of head in all 
possible directions. 

 ² Head bears a pair of thread like antennae, a pair of 
compound eyes and biting and chewing type mouth 
parts.

 ² The biting and chewing type of mouth parts of 
cockroach consists of a labrum (upper lip), 2 
mandibles, 2 maxillae, hypopharynx (tongue), and a 
labium (lower lip).

 (ii) Thorax
 ² It consists of three parts: Prothorax, mesothorax and 

metathorax.
 ² The head is connected with thorax by a neck. Neck is 

the short extension of the prothorax.
 ² Each thoracic segment bears a pair of walking legs.
 ² Two pairs of wings are found in cockroach
 ² The first pair is forewings (mesothoracic) or tegmina. 

They are opaque dark and leathery and cover the hind 
wings when at rest.

 ² The second pair is hind wings (metathoracic). They are 
transparent, membranous and are used in flight.

 (iii)  Abdomen
 ² It consists of 10 segments.
 ² In females, 7th sternum is boat shaped and together 

with 8th and 9th sterna forms a brood (genital) pouch. 

It contains female gonopore, spermathecal pores and 
collateral glands.

 ² In males, genital pouch lies at the hind end of abdomen 
bounded dorsally by 9th & 10th terga and ventrally by 
the 9th sternum. It contains dorsal anus, ventral male 
genital pore (gonopore) and gonapophysis.

 ² In both sexes, 10th segment bears a pair of jointed 
anal cerci. Males bear a pair of short, thread like anal 
styles.

Differences between male and female cockroaches

Male cockroach Female cockroach
Larger size. Smaller in size.
Wings extend beyond the tip of the 
abdomen.

Wings do not extent beyond the tip 
of the abdomen.

The abdomen is long and narrow. The abdomen is short and broad.
Anal styles are present. Anal styles are absent.
Brood pouch is absent. Brood pouch is present.
Males have larger antennae. Females have shorter antennae.

Anatomy of Cockroach

Digestive System
 y The alimentary canal is divided into three parts: foregut, 

mid gut and hindgut.

Fig.  Digestive system of cockroach
 (i) Foregut: It is lined by cuticle. It consists of a mouth which 

opens into the tubular pharynx, leading into the oesophagus, 
which further opens into a sac-like crop that stores the food. 
The crop leads to a gizzard (proventriculus). 

  Gizzard helps in grinding the food particles. It has an 
outer layer of thick circular muscles and thick inner cuticle 
forming 6 chitinous plates (teeth).

 (ii) Mid gut (Mesenteron): It is not lined by cuticle. The 
junction of the foregut and midgut has rings of 6 to 8 tubules 
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called hepatic or gastric caecae, which secrete digestive 
juices.

  At the junction of mid gut and hindgut, there are 100-150 
yellow coloured thin filamentous malpighian tubules. 
Malpighian tubules are excretory in function.

 (iii) Hindgut: It is broader than mid gut and lined internally by 
cuticle. Hindgut includes ileum, colon and rectum. Rectum 
opens out through anus.

Circulatory System
 y Blood vascular system is an open type i.e. the blood does 

not flow in the vessels, but moves through the internal open 
spaces called haemocoel and comes in direct contact with 
the body organs.

 y Visceral organs located in the haemocoel are bathed in 
blood (haemolymph).

 y Haemolymph= colourless plasma + haemocytes.
 y Heart consists of elongated muscular tube and lies mid-

dorsally below the terga in the pericardial sinus. It consists 
of thirteen funnel shaped contractile chambers with ostia 
on either side.

 y Blood from sinuses enter heart through ostia and is pumped 
anteriorly to sinuses again.

 y There are 12 pairs of fan shaped and triangular alary 
muscles. Their narrow ends are inserted into terga while 
their broader ends are attached to dorsal diaphragm. 

 y Alary muscles play an important role in the blood flow 
from the heart to other haemocoelic spaces in blood 
circulation.

Fig. Open circulatory system of cockroach

Respiratory System
 y The respiratory system of cockroach consists of a network 

of trachea that open through 10 pairs of small holes called 

spiracles. Spiracles are present on the lateral side of the 
body.

 y Thin branching tubes called tracheal tubes, subdivided 
into tracheoles carry oxygen from the air to all the parts 
of the body.

 y The opening of the spiracles is regulated by sphincters. Gas 
exchange takes place at the tracheoles by diffusion.

Excretory System
 y Cockroaches are uricotelic.
 y Their main excretory organ is malpighian tubules.
 y Each tubule is lined by glandular and ciliated cells. They 

absorb nitrogenous waste products and convert them into 
uric acid which is excreted out through the hindgut.

 y Fat body, nephrocytes and urecose glands also help in 
excretion.

Nervous System
 y The nervous system of cockroach consists of segmentally 

arranged ganglia joined by paired longitudinal connectives 
on the ventral side. Three ganglia lie in the thorax, and six 
in the abdomen.

 y The head holds a bit of a nervous system while the rest is 
situated along the ventral part of its body. So, if the head of 
a cockroach is cut off, it will still live for one week.

 y The supra-oesophageal ganglion (brain) supplies nerves to 
antennae and compound eyes.

Sense Organs or Receptors
 y Cockroach has several types of sense organs- Antennae, 

eyes, maxillary palps, labial palps, anal cerci, etc.
 y Antennae have sensory receptors that help in monitoring 

the environment.
 y Each compound eye consists of about 2000 hexagonal 

ommatidia. Using these, a cockroach can receive several 
images of an object. This is known as mosaic vision. It has 
more sensitivity but less resolution. 

 y Being common during night, vision in cockroach is also 
called as nocturnal vision.

Reproductive System
 y Cockroaches are dioecious.

Male Reproductive System
It consists of

 y A pair of testes lying one on each lateral side in the 4th -6th 
abdominal segments.

 y Each testis → a thin vas deferens → seminal vesicle → 
ejaculatory duct → male gonopore.

 y The main function of seminal vesicles is to store sperms. 
Sperms are glued together in the form of bundles called 
spermatophores which are discharged during copulation.

 y Accessory glands include a mushroom gland (in 6th-7th 
abdominal segments) and phallic gland. Their secretions 
nourish the sperms.
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 y External genitalia include male gonapophysis or phallomere. 
Gonapophysis is a chitinous asymmetrical structure, 
surrounding the male gonopore.

Fig. Male reproductive system

Female Reproductive System
It consists of

 y Two large ovaries, lying laterally in the 2nd – 6th abdominal 
segments. Each ovary is formed of 8 ovarian tubules called 
ovarioles, containing a chain of developing ova.

 y Oviducts of each ovary unite into a single median oviduct 
(vagina) which opens into the genital chamber.

 y A pair of spermatheca is present in the 6th segment which 
opens into the genital chamber.

 y Sperms are transferred through spermatophores. Their 
fertilised eggs are encased in oothecae. Ootheca is dark 
reddish to blackish brown capsule, about 8 mm long. 
Females produce 9-10 oothecae, each containing 14-16 
eggs.

 y Development of P. americana is paurometabolous. It means 
development is through nymphal stage. Nymphs look like 
adults. They moult 13 times to reach the adult form. Only 
adult cockroaches have wings. The next to last nymphal 
stage has wing pads.

Fig. Female reproductive system

Economic Importance
 y They are pests because they cause damage to the household 

materials like clothes, shoes, purses etc. They also eat and 
destroy food and contaminate it with their smelly excreta.

 y They transmit bacterial diseases like cholera, typhoid, 
tuberculosis etc. by contaminating food material.
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1. Compound tissue is defined as –
(a) Similar types of cells held together by connective tissue
(b) Different types of cells which are different in structure

and function
(c) Different types of cells performing one function
(d) Similar cells at different regions performing many

functions
2. Name the type of tissue that form gland

(a) Epithelial (b) Muscular
(c) Squamous (d) Cuboidal

3. Which type of epithelial tissue is present in thyroid follicle?
(a) Squamous (b) Cuboidal
(c) Transitional (d) Columnar

4. Microvilli of epithelial cells –
(a) Increase surface area
(b) Protect the cells
(c) Engulf the foreign matter
(d) Give movements to the cells

5. The outside or inside lining of a body organ is formed by
(a) Epithelial tissue
(b) Neural tissue
(c) Muscular tissue
(d) Variable and differs from organ to organ

6. Stratified squamous epithelium found in –
(a) Tonsil (b) Payer's patch
(c) Appendix (d) Spleen

7. Epithelial tissue performs the following functions
(a) Protection, secretion, absorption, respiration
(b) Protection, secretion, sensation, absorption
(c) Protection, secretion, absorption, digestion
(d) None of these

8. The fibrous tissue which connects the two bones is
(a) Connective tissue (b) Tendon
(c) Ligament (d) Adipose tissue

9. Epithelial tissues arise from
(a) Ectoderm (b) Endoderm
(c) Mesoderm (d) All of these

10. The type of epithelium found in oesophagus, cornea, vagina
and urethra is
(a) Stratified squamous epithelium
(b) Ciliated epithelium
(c) Stratified columnar epithelium
(d) Glandular epithelium

11. Germinal Epithelium of ovary is formed of :
(a) Columnar Epithelium (b) Squamous Epithelium
(c) Cuboidal Epithelium (d) Stratified Epithelium

12. Epidermis of skin of vertebrates comprises –
(a) Simple epithelium (b) Stratified epithelium
(c) Transitional epithelium (d) Columnar epithelium

13. Transitional epithelium is found in –
(a) Larynx (b) Vein
(c) Kidney (d) Ureter and renal pelvis

14. The type of epithelium found in conjunctive of eye is
(a) Stratified cuboidal (b) Stratified columnar
(c) Stratified squamous (d) Transitional epithelium

15. The inability to absorb digested nutrients may be due to
damage of which type of epithelium?
(a) Ciliated columnar (b) Simple columnar
(c) Simple squamous (d) Simple cuboidal

16. Following is the most abundant tissue in animals
(a) Epithelial tissue (b) Neural tissue
(c) Muscular tissue (d) Connective tissue

17. The intercellular substance found in connective tissue is
(a) Fatty in nature (b) Muco-polysaccharide
(c) Mainly protein in nature (d) All are correct

18. Tendons and ligaments belong to
(a) Muscular tissue
(b) Epithelial tissue
(c) Fibrous connective tissue
(d) Areolar connective tissue

19. Dermis of skin has
(a) Loose connective tissue (b) Dense regular c.t.
(c) Dense Irregular c.t. (d) Epithelial tissue

20. Histamine secreting cells are found in –
(a) Connective tissue (b) Lungs
(c) Muscular tissue (d) Nervous tissue

21. Histiocyte is a connective tissue cell which takes part in –
(a) Fibre production (b) Matrix production
(c) Phagocytosis (d) Secretion

22. Mast cells occur in –
(a) Areolar tissue (b) Adipose tissue
(c) White fibrous tissue (d) Yellow fibrous tissue

23. Blood leaving liver and moving to the heart has usually high
concentration of
(a) Urea (b) Bile
(c) Glucose (d) Erythrocytes

24. Which of the following cells of connective tissue secrete
antibodies?
(a) Mast cells (b) Reticular cells
(c) Adipose (d) Plasma cells

25. The mast cells secrete
(a) Heparin (b) Histamine
(c) Serotonin (d) All of these

26. Intercalated discs are the communication junctions between
the cells of
(a) Cardiac muscles
(b) Striped muscles
(c) Adipose tissue
(d) Nerve and striated muscles
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27. Inter vertebral discs are composed of
(a) Hyaline cartilage (b) Blastic cartilage
(c) White fibrous cartilage (d) None of these

28. Major inorganic components of bone
(a) Calcium phosphate (b) Calcium carbonate
(c) Sodium hydroxide (d) Potassium hydroxide

29. The chondrocytes of connective tissue are
(a) Fibre secreting cells (b) Bone forming cells
(c) Cartilage cells (d) Bone eating cells

30. Muscles of intestine and blood vessels are
(a) Involuntary and smooth (b) Voluntary and smooth
(c) Involuntary and striated (d) Voluntary and striated

31. Which is secreted during allergic reaction
(a) Histamine (b) Neutrophil
(c) Basophil (d) Acidophil

32. Histiocyte is a connective tissue cell that help in
(a) Phagocyte (b) Secretion
(c) Substenance (d) Fibre production

33. Ligament is mainly made up of
(a) Reticulin (b) Elastin
(c) Myosin (d) Collagen

34. Matrix of cartilage is secreted by –
(a) Chondrocytes (b) Chondroblasts
(c) Osteocytes (d) Histiocytes

35. The main difference between bone and cartilage is of –
(a) Mineral salts (b) Blood vessels
(c) Lymph vessels (d) Haversian canals

36. 60% inorganic components are present in
(a) Cartilage (b) Bone
(c) Connective tissue (d) None of these

37. Blood cells are formed in bone marrow. The process is known
as –
(a) Haemolysis (b) Erythroblastosis
(c) Haemopoiesis (d) None of these

38. Agranulocytes normally develop in –
(a) Bone marrow (b) Liver
(c) Lymph glands and spleen (d) None of these

39. Granulocytes are produced in –
(a) Liver (b) Bone marrow
(c) Spleen (d) None of these

40. Formation of antibodies is the function of –
(a) Monocytes (b) Neutrophils
(c) Basophils (d) Lymphocytes

41. Which of the following vertebrate tissues would be an excellent
source of collagen?
(a) Liver (b) Nerve
(c) Muscle (d) Tendon

42. Which among the following is not characteristic of yellow
fibres of connective tissue?
(a) Contain elastin
(b) Fewer in number
(c) Straight and branched
(d) Provide toughness and strength

43. Which one of the following is not a fibrillar portein?
(a) Elastin (b) Collagen
(c) Myosin (d) Albumin

44. In cockroach which of the following constitutes tongue?
(a) Maxilla (b) Mandible
(c) Labium (d) Hypopharynx

45. Femur and Humerus are :
(a) Membranous bone (b) Investing bone
(c) Cartilagenous bone (d) Sesamoid bone

46. Pattela is largest :
(a) Membranous bone (Develop in dermis)
(b) Cartilage bone (Replacing Bone)
(c) Heterotypic bone (Visceral Bone)
(d) Sesamoid bone (Develop in Tendon)

47. Bone dissolving cells :
(a) Osteoblast (b) Osteocyte
(c) Osteoclast (d) Fibroblast

48. The abdomen of cockroach is composed of segments
(a) 6 (b) 12
(c) 10 (d) 11

49. Which of the muscles are attached to bones?
(a) Smooth muscles (b) Straited muscles
(c) Cardiac muscles (d) All of these

50. Inter-calated discs are present in –
(a) Cardiac muscles (b) Striped muscles
(c) Unstriated muscles (d) Ligament

51. Which of the following ion is necessary for the contraction of
a muscle and nerve impulse transmission?
(a) Na+ (b) K+

(c) Ca++ and Mg++ ions (d) None of these
52. In the thin filament of skeletal muscle fibre, a small globular

protein, that masks the active sites on the F-actin is
(a) G-actin (b) Actin
(c) Tropomyosin (d) Troponin

53. Which zone decreases during the muscle contraction?
(a) I-zone (b) Z-zone
(c) H-zone (d) M-zone

54. Skeletal muscles show resemblance with visceral muscles in
one aspect. It is in
(a) Shape of muscle fibres
(b) Number of nuclei in muscle fibres
(c) Presence of actin and myosin filaments
(d) Presence of light and dark bands

55. Smooth muscle fibres are
(a) Cylindrical, unbranched, striated, multinucleate and

voluntary
(b) Spindle-shaped, unbranched, non-striated, uninucleate

and involuntary
(c) Cylindrical, unbranched, non-striated, multinucleate and

involuntary
(d) Spindle-shaped, unbranched, striated, uninucleate and

voluntary
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56. 'Oxygen debt' is amount of oxygen required for
(a) Muscle contraction (b) Muscle relaxation
(c) Muscle recovery (d) All of these

57. Contraction of muscles is the best example of conversion of
cellular energy into
(a) Mechanical energy (b) Heat energy
(c) Electrical energy (d) Light energy

58. Most of the digestion in cockroach occurs in
(a) Pharynx (b) Mid gut
(c) Gizzard (d) Crop

59. Actin filament is made up of
(a) Actin, troponin and tropomyosin
(b) Actin, troponin
(c) Myosin, troponin
(d) Actin, tropomyosin

60. Which of the following possesses nodes of Ranvier?
(a) Medullated nerve fibre
(b) Non-medullated nerve fibre
(c) Muscle fibre
(d) Medullated and non-medullated nerve fibres

61. Bipolar nerve cells are present in –
(a) Skin tactile corpuscles
(b) Spinal cord
(c) Retina of eye
(d) All of the above

62. Most of the neurons of our body are
(a) Unipolar (b) Bipolar
(c) Pseudounipolar (d) Multipolar

63. Nissl's granules are found in cyton of nerve cells. These have
affinity for basic dyes. The granules are made up of
(a) Mitochondria (b) Cell metabolites
(c) Fat granules (d) Ribosomes

64. Nerve fibres conduct impulses in
(a) One direction (b) Two directions
(c) Multidirections (d) None of these

65. Male and female cockroaches can be distinguished externally
through
(a) Anal styles in male
(b) Anal cerci in female
(c) Anal style and antennae in female
(d) Both (b) and (c)

66. In Cockroach, the number of ganglia are
(a) Two pairs thoracic and four pairs abdominal
(b) Three pairs thoracic and six pairs abdominal
(c) Three pairs thoracic and five pairs abdominal
(d) Two pairs thoracic and six pairs abdominal

67. Cockroach blood does not contain respiratory pigment. It
means
(a) It does not respire
(b) Cockroach respires anaerobically
(c) Oxygen passes to all the tissues through diffusion
(d) Oxgyen reaches tissue through tracheoles

68. Antennae of Cockroach have
(a) Gustatory receptors
(b) Auditory receptors
(c) Tactile receptors
(d) Tactile and olfactory receptors

69. Number of fertilized eggs in ootheca of Cockroach is
(a) 16 pairs in two rows (b) 16 in two rows
(c) 10 in one rows (d) 8 in two rows

70. Simple epithelium is a tissue in which the cells are
(a) hardened and provide support to the organs
(b) cemented directly to one another to form a single layer
(c) continuously dividing to provide form to an organ
(d) loosely connected to one another to form an irregular

organ
71. During an injury nasal septum gets damaged and for its

recovery cartilage preferred which is
(a) Hyaline cartilage (b) Elastic cartilage
(c) Calcified cartilage (d) Fibrous cartilage

72. ATPase enzyme needed for muscle contraction is located in
(a) actinin (b) troponin
(c) myosin (d) actin

73. Globulins contained in human blood plasma are primarily
involved in
(a) Defence mechanisms of body
(b) Osmotic balance of body fluids
(c) Oxygen transport in the blood
(d) Clotting of blood

74. Which one of the following is correct pairing of a body part
and the kind of muscle tissue that moves it ?
(a) Biceps of upper arm–Smooth muscle fibres
(b) Abdominal wall–Smooth muscle
(c) Iris–Involuntary smooth muscle
(d) Heart wall–Involuntary unstriated muscle

75. The ciliated columnar epithelial cells in humans are known to
occur in :
(a) eustachian tube and stomach lining
(b) bronchioles and fallopian tubes
(c) bile duct and oesophagus
(d) fallopian tubes and urethra
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1. Out of the four basic types of tissues, which is not the
one ?
(a) Muscular tissue (b) Skeletal tissue
(c) Neural tissue (d) Epithelial tissue

2. A piece of bone such as femur of frog if kept in dilute HCl for
about a week will
(a) assume black colour (b) shrink in size
(c) turn flexible (d) crack into pieces

3. Which cells do not form layer and remain structurally separate?
(a) Epithelial cells (b) Muscle cells
(c) Nerve cells (d) Gland cells

4. Which one of the following contains the largest quantity of
extracellular material?
(a) Myelinated nerve fibres (b) Striated muscle
(c) Areolar tissue (d) Stratified epithelium

5. Mast cells of connective tissue contain
(a) vasopressin and relaxin (b) heparin and histamine
(c) heparin and calcitonin (d) serotonin and melanin

6. The epithelium of air sacs of lungs and the walls of blood
vessels is
(a) Simple cuboidal epithelium
(b) Simple squamous epithelium
(c) Stratified squamous epithelium
(d) Simple columnar epithelium

7. Which of the following substances, if introduced into the blood
stream, would cause coagulation of blood at the site of its
introduction?
(a) Prothrombin (b) Fibrinogen
(c) Thromboplastin (d) Heparin

8. Areolar connective tissue joins
(a) integument with muscles (b) bones with  muscles
(c) bones with bones (d) fat body with muscles

9. Goblet glands are
(a) Unicellular exocrine glands of intestine
(b) Unicellular endocrine glands of intestine
(c) Multicellular exocrine glands of gut
(d) Multicellular endocrine glands of gut

10. The cell junctions called tight, adhering and gap junctions are
found in
(a) Muscular tissue (b) Connective tissue
(c) Epithelial tissue (d) Neural tissue

11. Pseudostratified columnar epithelium is found in
(a) Wall of cloaca (b) Male urethra
(c) Oviduct (d) Oesophagus

12. Tissue which has power of division and regeneration
throughtout life
(a) Epithelial tissue (b) Muscular tissue
(c) Connective tissue (d) Nervous tissue

13. Yellow fibres are made up of –
(a) Ossein (b) Elastin
(c) Chondrin (d) Collagen

14. The type of connective tissue that is associated with the
umbilical cord is
(a) Areolar connective tissue
(b) Jelly-like connective tissue
(c) Adipose connective tissue
(d) Reticular connective tissue

15. The following are the major proteins of plasma
(a) Globulin, Bilirubin and fibrinogen
(b) Haemoglobin, fibrinogen and albumin
(c) Globulin, albumin and Haemoglobin
(d) Albumin, globulin and fibrinogen

16. The most appropriate definition of Neuroglial cells are that
they are
(a) Nonsensory supporting cells
(b) Secretory cells
(c) Sensory cells
(d) Sensory and supporting cells

17. The type of muscles present in our :
(a) heart are involuntary and unstriated smooth muscles
(b) intestine are striated and involuntary
(c) thigh are striated and voluntary
(d) upper arm are smooth muscle fibres and fusiform in shape

18. Covering around bone is called
(a) Perichondrion
(b) Periosteum
(c) Epiosteum
(d) Endosteum

19. In which one of the following preparations are your likely to
come across cell junctions most frequently ?
(a) Thrombocytes (b) Tendon
(c) Hyaline cartilage (d) Ciliated epithelium

20. Mast cells are associated with
(a) Exocrine glands (b) Endocrine glands
(c) Areolar connective tissue (d) Neural tissue

21. Which of the following is correctly stated as it happens in the
common cockroach ?
(a) Malpighian tubules are excretory organs projecting out

from the colon
(b) Oxygen is transported by haemoglobin in blood
(c) Nitrogenous excretory product is urea
(d) The food is ground by mandibles and gizzard

Cockroach takes the food after grounding by its mandibles
and gizzard.

22. Cells that maintain marrow cells are called
(a) Osteocytes (b) Chondrocytes
(c) Osteoclasts (d) None of these
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23. Blood cells which show phagocytosis is
(a) Platelet (b) Eosinophil
(c) Basophil (d) Monocyte

24. What external changes are visible after the last moult of a
cockroach nymph?
(a) Anal cerci develop
(b) Both fore wings and hind wings develop
(c) Labium develops
(d) Mandibles become harder

25. Identify the tissue shown in the diagram and match with its
characteristcs and its location
(a) Skeletal muscle, shows striations and closely attached

with the bones of the limbs
(b) Smooth muscles, show branching, found in the walls of

the heart
(c) Cardiac muscles, unbranched muscles, found in the walls

of the heart
(d) Striated muscles, tapering at both-ends, attached with

the bones of the ribs
26. Select the correct option with respect to cockroaches

(a) The fore wings are tegmina which are used in flight
(b) Malpighian tubules convert nitrogenous wastes into urea
(c) Males bear short anal styles not present in females
(d) Nervous system comprises of a dorsal nerve cord and

ten pairs of ganglion
27. What will happen if ligaments are cut or broken?

(a) No movements at joints.
(b) Bones will become fixed.
(c) Bones will become unfixed.
(d) Bone will move freely at joints.

28. The polysaccharide present in the matrix of cartilage is known
as
(a) cartilagin (b) ossein
(c) chondriotin (d) casein

29. The active molecule that helps initiate the inflammatory
response when mast cells degranulate is
(a) perforin (b) histamine
(c) heparin (d) insulin

30. Formation of cartilage bones involves
(a) deposition of bony matter by osteoblasts and resorption

chondroblasts
(b) deposition of bony matter by osteoclasts and resorption

by chondroblasts
(c) deposition of bony matter by osteoclasts only
(d) deposition of bony matter by osteoblasts only

31. Characteristics of smooth muscle fibres are
(a) spindle-shaped, unbranched, unstriated, uninucleate and

involuntary
(b) spindle shaped, unbranched, unstriped, multinucleate and

involuntary
(c) cylindrical, unbranched, unstriped, multinucleate and

involuntary
(d) cylindrical, unbranched, striated, multinucleate and

voluntary

32. The diagram represents the reproductive organ of male
cockroach. Choose the correct combination of labelling

A
B
D

C

(a) A – 8th sternum, B - Anal cercus, C - 10th tergum, D - Anal
style

(b) A - 10th tergum, B - Anal cercus, C - Anal style, D - 8th

sternum
(c) A - Anal style, B - Anal cercus, C - 10th tergum, D- 8th

sternum
(d) A  -  Anal  cercus,  B  -  8th sternum,  C  -  10th tergum,

D - Anal style.
33.

Identify A to E .
(a) A- Pronotum, B-Mesothorax,  C-Metathorax,

D-Tegmina, E-Pleura
(b) A- Pronotum, B-Mesothorax,  C-Metathorax,

D-Tegmina, E-Sterna
(c) A- Pronotum, B-Mesothorax,  C-Metathorax,

D-Tegmina, E-Anal cerci
(d) A- Pronotum, B-Mesothorax,  C-Metathorax,

D-Tegmina, E-Anal style
34.
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Identify structures A to D –
(a) A-Gizzard, B-Crop, C-Hepatic caecae, D-Malpighian

tubules
(b) A-Crop, B-Gizzard, C-Hepatic caecae, D-Malpighian

tubules
(c) A- Crop, B-Gizzard, C-Malpighian tubules, D-Hepatic

caecae
(d) A- Gizzard, B-Crop, C-Malpighian tubules, D-Hepatic

caecae
35.          

The above figure shows open circulatory system of
cockroach, identify A, B and C.
(a) A-Posterior aorta, B-Alary muscles, C-Chambers of heart
(b) A-Anterior aorta, B-Ciliary muscles, C-Chambers of heart
(c) A-Anterior aorta, B-Alary muscles, C-Chambers of heart
(d) A-Anterior aorta, B-Circular muscies, C-Chambers of heart

36. Figure refers to reprroductive system of female cockroach.
The correct labellings indicated by alphabets are respectively

(a) A-Spermatheca, B-Collateral glands, C-Gonapophyses
(b) A-Phallic gland, B-Collateral glands, C-Gonapophyses
(c) A-Spermatheca, B-Seminal vesicle, C-Gonapophyses
(d) A-Spermatheca, B-Collateral glands, C-Tegmina

37. Match Column - I with Column - II
Column I Column II

Epithelial tissue) (Location)
A. Cuboidal 1. Epidermis of skin
B. Ciliated 2. Inner lining of blood vessels
C. Columnar 3. Inner surface of gall bladder
D. Squamous 4. Inner lining of fallopian tube
E. Keratinized squamous 5. Lining of pancreatic duct
(a) A® (5); B® (4); C® (2); D® (3); E® (1)
(b) A® (3); B® (4); C® (5); D® (2); E® (1)
(c) A® (5); B® (4); C® (3); D® (1); E® (1)
(d) A® (3); B® (4); C® (5); D® (1); E® (2)

38. Match Column - I with Column - II
Column I Column II

A. Dark band 1. H-Zone
B. Krause membrane 2. A-band
C. A light line 3. I-band
D. Myofibrils 4. Sarcostyles
(a) A® (3); B® (2); C® (1); D® (4)
(b) A® (2); B® (3); C® (4); D® (1)
(c) A® (2); B® (3); C® (1); D® (4)
(d) A® (2); B® (1); C® (3); D® (4)

39. Match Column - I with Column - II
Column I Column II

A. Neutrophil 1. Single large nucleus
B. Eosinophil 2. 2 to 3 lobed nucleus
C. Basophil 3. Kidney shaped nucleus
D. Lymphocyte 4. 2 to 7 lobed nucleus
E. Monocyte 5. Bilobed nucleus
(a) A® (4); B® (1); C® (3); D® (5); E® (2)
(b) A® (2); B® (5); C® (1); D® (4); E® (3)
(c) A® (4); B® (5); C® (2); D® (1); E® (3)
(d) A® (2); B® (4); C® (5); D® (3); E® (1)

40. Match Column - I with Column - II
Column I Column II

A. Phallomere 1. Chain of developing ova
B. Gonopore 2. Bundles of sperm
C. Spermatophore 3. Opening of the ejaculatory

duct
D. Ovarioles 4. The external genitalia
(a) A - 3, B - 4, C - 2, D - 1
(b) A - 4, B - 3, C - 2, D - 1
(c) A - 4, B - 2, C - 3, D - 1
(d) A - 2, B - 4, C - 3, D - 1

41. Identify the correctly matched pair/pairs of the germ layers
and their derivatives  –
(1) Ectoderm — Epidermis
(2) Endoderm — Dermis
(3) Mesoderm — Muscles
(4) Mesoderm — Notochord
(5) Endoderm — Enamel of teeth
(a) (1), (3) and (4) (b) (1), (2), (3) and (5)
(c) (1) and (4) (d) (1) and (2)

42. Read the following statements and mark the right option
(1) A healthy person has 12 to 16 g of haemoglobin per 100

ml of blood.
(2) The number of platelets in a normal individual is 1.5 lac to

3.5 lac per mm3 of blood.
(3) Eosinophils are involved in allergic reactions.
(a) Only  (2) is correct
(b) (2) and (3) are correct
(c) (1) and (3) are correct
(d) All (1), (2) and (3) are correct

43. Consider the following 3-statements regarding cockroach
and mark the correct option
(1) Head is formed by the fusion of 6-segments.
(2) Mouth parts are biting and chewing type.
(3) Crop is the part of mid gut.
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(a) Only (2) is correct (b) B and (3) are correct
(c) (1) and (2) are correct (d) Only (3) is correct

44. Which of the following is false about columnar epithelium?
(1) It is made of tall and slender cells.
(2) Free surface may have microvilli.
(3) They are found in stomach and intestine and help in

secretion and absorption.
(4) Ciliated epithelium is mainly present in hollow structure

like bronchioles and fallopian tubes/ products.
(5) They have apical nuclei.
(a) Only (1) (b) Only (5)
(c) (2) and (4) (d) (2) and (3)

45. Which of the following statement about cell junctions is false?
(1) All the cells of the epithelium are held together with little

intercellular materials.
(2) In almost all animal tissues specialized junction provide

both structural and functional link between its individual
cells.

(3) Tight junctions help to stop substances from leaking
across a tissue.

(4) Adhering junctions provide cementing to keep
neighbouring cells together.

(5) Gap junctions provide cytoplasmic channels between
cells for passage of ions, small molecules and sometimes
big molecules.

(a) (2) and (3) (b) (1) and (2)
(c) Only (5) (d) None of these

DIRECTIONS for Qs. 46 to 50 : Each questions contain
STATEMENT-1 (Assertion) and STATEMENT-2 (Reason). Each
question has 4 choices (a), (b), (c) and (d) out of which ONLY ONE
is correct.
(a) Statement- 1 is True, Statement-2 is True, Statement-2 is a

correct explanation for Statement -1
(b) Statement -1 is True, Statement -2 is True ; Statement-2 is NOT

a correct explanation for Statement - 1
(c) Statement - 1 is True, Statement- 2 is False
(d) Both the Statements are False.
46. Statement 1 : Intercalated discs are important regions of cardiac

muscle cells.
Statement 2 : Intercalated discs function as boosters for muscle
contraction waves.

47. Statement 1 : Columnar epithelium lining the intestinal mucosa
appears to have a brush like appearance.
Statement 2 : A large number of microvilli are present on brush
bordered columnar epithelium.

48. Statement 1 : Cartilage (protein matrix) and bone (calcium
matrix) are rigid connective tissue.
Statement 2 : Blood is connective tissue in which plasma is
the matrix.

49. Statement 1 : WBCs accumulate at site of wounds by
diapedesis.
Statement 2: It is squeezing of leucocytes from endothelium.

50. Statement 1 : Mast cells help in body defence.
Statement 2 : Mast cells phagocytose & destroy microbes.

Exemplar Questions

1. Which one of the following types of cell is involved in making
of the inner walls of large blood vessels?
(a) Cuboidal epithelium
(b) Columnar epithelium
(c) Squamous epithelium
(d) Stratified epithelium

2. To which one of the following categories does adipose tissue
belong?
(a) Epithelial (b) Connective
(c) Muscular (d) Neural

3. Which of the following is not a connective tissue?
(a) Bone (b) Cartilage
(c) Blood (d) Muscles

4. The clitellum is a distinct part in the body of earthworm, it is
found in?
(a) segments 13-14-15 (b) segments 14-15-16
(c) segments 12-13-14 (d) segments 15-16-17

5. Setae help in locomotion in earthworm but are not uniformly
present in all the segments, They are present in

(a) 15t segment (b) Last segment
(c) Clitellar segment (d) 20th - 22nd segment

6. Which one of the following statements is true for cockroach?
(a) The number of ovarioles in each ovary are ten,
(b) The larval stage is called caterpillar.
(c) Anal styles are absent in females,
(d) They are ureotelic

7. Match the following and choose the correct option,
A. Adipose tissue (i) Nose
B. Stratified epithelium (ii) Blood
C. Hyaline cartilage (iii) Skin
D. Fluid connective tissue (iv) Fat storage
(a) A-(i), B-(ii), C-(iii), D-(iv)
(b) A-(iv), B-(iii), C-(i), D-(ii)
(c) A-(iii), B-(i), C-(iv), D-(ii)
(d) A-(ii), B-(i), C-(iv), D-(iii)

8. Match the following and choose the correct answer.
A. Hermaphrodite (i) Produces blood cells and

haemoglobin
B. Direct development (ii) Testis and ovary in the

same animal
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C. Chemoreceptor (iii) Larval form absent
D. Blood gland in (iv) Sense of chemical

earthworm substances
(a) A-(ii), B-(iii), C -(iv), D-(i)
(b) A-(iii), B-(ii), C -(iv), D-(i)
(c) A-(i), B-(iii), C-(ii), D-(iv)
(d) A-(ii), B-(iv), C -(iii), D-(i)

9. Match the following with reference to cockroach and choose
the correct option.
A. Phallomere (i) Chain of developing ova
B. Gonopore (ii) Bundles of sperm
C. Spermatophore (iii) Opening of the

ejaculatory duct
D. Ovarioles (iv) The external genitalia
(a) A-(iii), B-(iv), C-(ii), D-(i)
(b) A-(iv), B-(iii), C-(ii), D-(i)
(c) A-(iv), B-(ii), C-(iii), D-(i)
(d) A-(ii), B-(iv), C -(iii), D-(i)

10. Match the followings and choose the correct answer.
A. Touch (i) Nasal epithelium
B. Smell (ii) Foramen magnum
C. Cranial nerves (iii) Sensory papillae
D. Medulla oblongata (iv) Peripheral nervous

system
(a) A-(iii), B-(i), C -(ii), D-(iv)
(b) A-(ii), B-(i), C -(iv), D-(iii)
(c) A-(iii), B-(iv), C-(ii), D-(i)
(d) A-(iii), B-(i), C-(iv), D-(ii)

NEET/AIPMT  (2013-2017) Questions

11. What external changes are visible after the last moult of a
cockroach nymph? [2013]
(a) Anal cerci develop
(b) Both fore wings and hind wings develop
(c) Labium develops
(d) Mandibles become harder

12. Identify the tissue shown in the diagram and match with its
characteristcs and its location [NEET Kar. 2013]

(a) Skeletal muscle, shows striations and closely attached
with the bones of the limbs

(b) Smooth muscles, show branching, found in the walls of
the heart

(c) Cardiac muscles, unbranched muscles, found in the walls
of the heart

(d) Striated muscles, tapering at both-ends, attached with
the bones of the ribs

13. Select the correct option with respect to cockroaches
[NEET Kar. 2013]

(a) The fore wings are tegmina which are used in flight
(b) Malpighian tubules convert nitrogenous wastes into urea
(c) Males bear short anal styles not present in females
(d) Nervous system comprises of a dorsal nerve cord and

ten pairs of ganglion
14. Which one of the following is one of the paths followed by

air/O2 during respiration in an adult male Periplaneta
americana as it enters the animal body? [NEET Kar. 2013]
(a) Hypopharynx, mouth, pharynx, trachea, tissues
(b) Spiracle in metathorax, trachea, tracheoles, oxygen

diffuses into cells
(c) Mouth, bronchial tube, trachea, oxygen enters cells
(d) Spiracles in prothorax, tracheoles, trachea, oxygen

diffuses into cells
15. Choose the correctly matched pair: [2014]

(a) Tendon–Specialized connective tissue
(b) Adipose tissue – Dense connective tissue
(c) Areolar tissue – Loose connective tissue
(d) Cartilage–Loose connective tissue

16. Choose the correctly matched pair:- [2014]
(a) Inner lining of salivary ducts – Ciliated epithelim
(b) Moist surface of buccal cavity – Glandular epithelium
(c) Tubular parts of nephrons – Cuboidal epithelium
(d) Inner surface of bronchioles – Squamous epithelium

17. The body cells in cockroach discharge their nitrogenous waste
in the haemolymph mainly in the form of : [2015 RS]
(a) Potassium urate (b) Urea
(c) Calcium carbonate (d) Ammonia

18. Which of the following features is not present in Periplaneta
americana ? [2016]
(a) Schizocoelom as body cavity
(b) Indeterminate and radial cleavage during embryonic

development
(c) Exoskeleton composed of N-acetylglucos-amine
(d) Metamerically segmented body

19. Which type of tissue correctly matches with its location ?
[2016]

Tissue Location
(a) Smooth muscle Wall of intestine
(b) Areolar tissue Tendons
(c) Transitional epithelium Tip nose
(d) Cuboidal epithelium Lining of stomach

20. Select the correct route for the passage of sperms in male
frogs: [2017]
(a) Testes ® Vasa efferentia ® Kidney ® Seminal Vesicle

® Urinogenital duct ® Cloaca
(b) Testes ® Vasa efferentia ® Bidder’s canal ® Ureter ®

Cloaca
(c) Testes ® Vasa efferentia ® Kidney ® Bidder’s canal ®

Urinogenital duct ® Cloaca
(d) Testes ® Bidder’s canal ® Kidney ® Vasa efferentia ®

Urinogenital duct ® Cloaca
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EXERCISE - 1
1. (c) 2. (a) 3. (b)
4. (a) Microvilli of epithelial cells increase surface area.
5. (a) 6. (a)
7. (b) Epithelial tissues have a widespread distribution

throughout the body and serve several important
functions  such as protection, sensation and absorption.

8. (c) Tendon is a firm in elastic fibrous cord which attaches
muscle to bone. Ligament is a strong band of fibrous
tissue which serves to bind bones to other parts. Adipose
tissue is a kind of connective tissue present in sub dermal
space.

9. (d) Following embryonic layers give rise to
Ectoderm – Epidermis
Mesoderm – Mesothelium
Endoderm – Epithelium of alimentary canal

10. (c) 11. (c) 12. (b) 13. (d) 14. (c)
15. (b) The gastrointestinal tract is lined with simple columnar

epithelium, which allows a maximum number of cells to
contact food particles.

16. (d) 17. (d) 18. (c) 19. (c) 20. (a) 21. (c)
22. (a)
23. (a) Urea is manufactured in the liver. When the blood leaves

the liver, the latter discharges urea into the former.
24. (d)
25. (d) Mast cells occur in connective tissue proper, these are

modified basophils of blood. Mast cells secrete heparin,
histamine and serotonin.

26. (a) 27. (c) 28. (a) 29. (c) 30. (a) 31. (a)
32. (a) Histiocyte is a phagocytic cell which is found in loose

connective tissue.
33. (d)
34. (b) Matrix of cartilage is secreted by Chondroblasts.
35. (d) 36. (b) 37. (c) 38. (c)
39. (b) Granulocytes are produced in bone marrow.
40. (d) 41. (d) 42. (d)
43. (d) Albumin is a globular protein.
44. (d) 45. (c) 46. (d) 47. (c) 48. (c) 49. (b)
50. (a)
51. (c) Ca++ is an essential element for the contraction of muscles

because release of Ca++ ions from sarcoplasmic reticulum
trigger the muscle contraction process.

52. (d) 53. (c)
54. (c) Actin and myosin are the structural protein. So they are

found in both skeletal and visceral muscle although
skeletal muscle is cylindrical and visceral muscles are
pear-shaped or spindle-shaped.

55. (b)

56. (c) During  active  work,  the  rate  of  oxygen supply  by  the
lungs falls short of requirement of the muscles. Hence,
lactic acid accumulates in the muscles and the breathing
gradually becomes hard to enhance O2 intake by the
lungs. This is called oxygen debot.

57. (a) 58. (b)
59. (a) One this filament probably contains 300-400 actin

molecules about 50 tropomyosin and 50 troponin. It is
said that tropomyosin plays a vital role in sensitizing the
contractile proteins (action and myosin) to calcium ions.

60. (a) 61. (c)
62. (d) Multipolar neurons have several dendrites and one axon.

Most neurons in the brain and spinal cord of our body
are of this type.

63. (d)
64. (a) If a nerve impulse was initiated somewhere in the middle

of a nerve fibre, it would proceed to both ends. However,
in the synapse, the progagation is strictly one-way from
the axon to the dendrite and never the reverse.

65. (a)
66. (b) The total number of ganglia in ventral nerve cord of

cockroach is nine pairs, i.e., three pairs thoracic and six
pairs abdominal.

67. (d) All body tissue receive oxygen directly through
tracheoles.

68. (d) Antennae of cockroach bears tactile and olfactory
receptors and are sensitive to touch and smell.

69. (b) Ootheca of cockroach contains sixten fertilized egg in
two rows.

70. (b) Simple epithelium is a tissue made of a single layer of
compactly arranged cells all of which rest over a non
cellular basement membrane.

71. (a) Hyaline cartilage is firm but slightly elastic with clear
matrix. It is present in larynx, trachea, bronchi, nose. Elastic
cartilage occur in external ear. Calcified cartilage occurs
in suprascapula. Fibrous cartilage occurs in intervertebral
discs.

72. (c) ATPase enzyme is located in the myosin cross bridge
heads. Actin forms the light or I- Band. Actin slides over
myosin during contraction. Troponin protein is involved
in establishing connection with myosin cross bridges.
Actin is not involved in muscle contraction. It is also an
ATPase   (an  enzyme)  which  is  activated  by  Ca2+ and
Mg2+ ions. Hence, ATPase enzyme is located in myosin.

73. (a)
74. (b) The structure of the abdominal wall is similar in principle

to the thoracic wall. There are three layers, an external,
internal and innermost layer. The vessels and nerves lie
between the internal and innermost layers. The abdomen
can be divided into quadrants or nine abdominal regions.
Pain felt in these regions may be considered to be direct
or referred abdominal wall made up of smooth muscles.

Hints & Solutions
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75. (b) Ciliated epithelium is usually found in the respiratory tract,
fallopian tubes.

EXERCISE - 2
1. (b)
2. (c) When a bone is kept in dilute acids like HCl for a few

days, the Ca salts get dissolved leaving only the soft and
flexible organic matrix. This process is called
Decalcification. If a bone is kept in KOH it remains
unaffected and only the surrounding muscles and
connective tissues get dissolved so that the bone now
appears clean.

3. (c) Only nerve cells do not form layers. These also remain
structurally separate  from each other. Nerve cells or
neurons  are the cells specialized to conduct an
electrochemical current. Nerve tissue  is made up of these
cells and supporting cells. Epithelial tissue is made of
one or a few layers of compactly arranged cells overlying
a basement membrane. Glands are epithelial cells
specialized to elaborate and release chemicals for use in
the body. Muscle tissue is made of elongated and
contractile cells called myocytes.

4. (c) Areolar tissue is the least specialized connective tissue.
It has a large amount of ground substance (extracellular
material) and possesses rich blood and nerve  supplies.
It spreads extensively throughout the body, under the
skin and epithelia, in between and around muscles, nerves
and blood vessels and in the submucosa of respiratory
and gastrointestinal tract.

5. (b) Mast cells are granulated wandering leucocyte  cells. Their
granules contain histamine  which is vasodilator and
heparin  (anticoagulant). These take part in body defence
and allergic reaction. Vasopressin is released by posterior
lobe of pituitary. Relaxin  is released by placenta. Calcitonin
is released by thyroid. Serotonin and melanin are released
by intermediate lobe of pituitary gland.

6. (b)
7. (c) Fibrinogen,  prothrombin,  throm- boplastin are

respectively clotting factors I, II and III.
Thromboplastin released from injured platelets or injured
tissue. This converts prothrombin into thrombin in the
presence of calcium ions. The thrombin converts
fibrinogen into fibrin and the latter forms the clot.

8. (a) Areolar connective tissue has rich supply of nerve fibres
and blood vessels. It joins skin epithelia with muscles,
nerves & blood vessels. Binding of body parts together
is the main function of areolar connective tissue.

9. (a) 10. (c) 11. (b)
12. (a) Epithelial tissue has great regeneration power because

when epithelia are injured they regenerate more rapidly
than other tissues and thus facilitate rapid healing of
wounds.

13. (b) 14. (b) 15. (d) 16. (a)
17. (c) Thigh muscles are skeletal muscles that are striated and

voluntary.

18. (b) Bone is surrounded by dense, white fibrous sheath called
periosteum.

19. (d) It is ciliated epithelium which bears numerous delicated
hair like outgrowths the cilia, arising from basal granules.
The cilia remains in rhythmic motion and creates current
to transport the materials which comes in contact with
them.

20. (c)
21. (d) Cockroach takes the food after grounding by its mandibles

and gizzard.
22. (a)
23. (d) Monocytes are largest leucocytes, size 12-20 mm life span

variable, from a few to several days, nucleus bean-shaped
and phagocytic nature.

24. (b) The development of cockroach is paurometabolous
meaning that their development is through nymphal stage.
The nymphs look very much like adults. The nymph grows
by moulting about 13 times to reach adult form. The last
nymphal stage has wingpads while adult cockroaches
have wings.

25. (a) Skeletal muscle tissue is closely attached to sketetal
bones. In a typical muscle such as the biceps, striated
(striped) skeletal muscle fibres are bundled together in a
parallel fashion.

26. (c) In cockroaches, males bear a pair of short, thread like
anal styles which are absent in females.

27. (c) Ligaments attach a bone with another bone in movable/
synovial joints. Broken or cut ligaments make movement
at joints very painful and restricted. It heals only after
prolonged movement restriction.

28. (c) The chief component of ground substance of cartilage is
chondromucoprotein which is formed of chondriotin
sulphate, keratin sulphate and hyaluronic acid.

29. (b) Mast cells contain granules of heparin and histamine.
Heparin prevents blood clotting. Histamine produces
inflammation.

30. (a) Deposition of bony matter by osteoblasts and resorption
chondroblasts.

31. (a) Characteristics of smooth muscle fibres.
• cells range from 5 to 10 µm  in  diameter and 30 to 200 µm

in length
• spindle-shaped
• single, centrally located nucleus
• smooth muscle tissue occuring within almost every

organ, forming sheets, bundles or sheaths around other
tissues.
Smooth muscle differs from both skeletal and cardiac
muscle tissues in structure and function. Sarcomeres or
myofibrils are not present - therefore not striated, ie.
smooth.
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32. (a) 33. (c) 34. (b) 35. (c) 36. (a) 37. (c)
38. (c) 39. (c) 40. (b) 41. (a) 42. (d) 43. (c)
44. (b) 45. (d) 46. (a) 47. (a)
48. (b) Cartilage comprises of mucopolysaccharide  called

chondroctin sulphate. Bone is a hard connective tissue.
Blood is a fluid connective tissue.

49. (b) In wounds, germs are removed by WBCs accumulation
at wound site by diapedesis. It is squeezing of leucocytes
out from endothelium of capillaries to tight external agent.

50. (c) Mast cells are large irregular cells with granular cytoplasm,
present in the areolar connective tissue. These cells store
inflammation producing substances such as histamine in
dense granules. Mast cells defend themselves which in
turn helps in body defence by attracting phagocytes to
the injured tissue.

EXERCISE - 3

Exemplar Questions

1. (c) Simple squamous epithelium forms the inner walls of
blood vessels. It is composed of large flat cells which
rest on a thin basement membrane.

2. (b) Adipose tissue is a fat-storing loose connective tissue
found subcutaneously, around the heart, kidney, eyeballs,
mesenteries, etc.

3. (d) It is a muscular tissue. Muscle fibres is not a connective
tissue.

4. (b) In a mature earthworm segments 14-16 are covered by a
prominent dark band of glandular tissue called clitellum.

5. (d) In each body segment of earthworm, except the first, last
and clitellum, there are rows of setae, embedded in the
epidermal pits in the middle of each segment.

6. (c) Anal styles are paired, thin, unjointed outgrowths,
projecting backwardly from the sides of 9th sternum of
the male cockroach only. They are absent in females. The
number of ovarioles in each ovary are eight. The larval
stage of cockroach is called nymph. Cockroach is
uricotelic.

7. (b) 8. (a) 9. (b) 10. (d)

NEET/AIPMT  (2013-2017) Questions
11. (b) The development of cockroach is paurometabolous

meaning that their development is through nymphal stage.
The nymphs look very much like adults. The nymph grows
by moulting about 13 times to reach adult form. The last
nymphal stage has wingpads while adult cockroaches
have wings.

12. (a) Skeletal muscle tissue is closely attached to sketetal
bones. In a typical muscle such as the biceps, striated
(striped) skeletal muscle fibres are bundled together in a
parallel fashion.

13. (c) In cockroaches, males bear a pair of short, thread like
anal styles which are absent in females.

14. (b) The number of spiracles in cockroach is
10-pairs (2-pairs in thoracic and 8-pairs in abdominal
region).  The thoracic pairs of spiracles are present on
pleuron between prothorax - mesothorax and metathorax.
Each spiracle opens into a chamber called atrium.  After
atrium, the tracheal tube ramifies into fine branches of
tracheae, and then into tracheoles.

15. (c) Tendon is dense regular connective tissue. Adipose
tissue is a type of loose connective tissue located mainly
beneath the cells. Cartilage is a type of specialised
connetive tissue.

16. (c) (i) Inner lining of salivary ducts - Compound epithelum
(ii) Moist surface of buccal cavity - Compound

epithelium
(iii) Tubular parts of nephorns - Cuboidal epithelium.
(iv) Inner surface of bronchioles – Ciliated epithelium.

17. (a) The body cells in cockroach discharge their nitrogenous
waste in the haemolymph as a solution of sodium or
potassium urate (a weak alkaline fluid).

18. (b) Periplanata americana shows spiral and determinate
types of cleavage during embryonic development which
is a feature of Protostomes.

19. (a) Wall of intestine is made of smooth muscle. Tendons
consist of dense regular connective tissue fascicles
encased in dense irregular connective tissue sheaths.
Tip of nose consists of squamous epithelium. Lining of
epithelium is made of columnar epithelium.

20. (c) In male frog the sperms passage is:
Testes ® Vasa efferentia ® Kidney ® Bidder’s canal ®
Urinogenital duct ® Cloaca.




