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01 Urogenital System

The urogenital system of Calotes versicolor is formed of two systems, the excretory
and the reproductive. In vertebrate animals both these systems are associated with
each other very closely in their phylogeny and ontogeny. They are located close to each
other
in
the
posterior
region
of
the
abdomen.
Male
Reproductive
System:
This system includes a pair of testes situated in the abdominal cavity which remain
suspended by a special dorsal fold of the mesentery called mesorchium. The testes are
white oval bodies. The testis of the right side is larger in size compared to that of the
left side and situated slightly higher up in the abdominal cavity.
The testes undergo a drastic change in size. During the breeding time they become
larger than the non-breeding period. From the inner surface of each testis runs the
epididymis which receives the vasa efferentia. The epididymis proceeds posteriorly as
vas
deferens

Two vasa deferentia open separately by small papillae into the cloaca
but before opening into the cloaca each receive the ureter of the
corresponding side. So, through this common duct, both urine and male
gametes pass into the cloaca which is designated as the urinogenital
duct.
The posterolateral side of the cloaca is provided with a pair of
copulatory sacs each of which houses a hemipenis. The hemipenis is
eversible.
The hemipenes (plural of hemipenis) are actually the bilateral
sacculations of the cloaca which extend posteriorly below the skin.
When everted, the hemipenes protrude through the cloacal aperture.
The distal end of each hemipenis is large and rounded. The hemipenes
are grooved to conduct sperms from the cloacal cavity of the male into
that of a female.

Female Reproductive System
This system includes a pair of ovaries which have similar position as that of testes
(Fig.). Each ovary is fixed to the dorsal side by a special fold of mesentery called
mesovarium. The female gonoduct is called oviduct. The oviduct is attached with the
body wall by a special fold of peritoneum called broad ligament.
The anterior end of the oviduct is wide, funnel-shaped, ciliated and is situated near the
corresponding ovary below the level of lungs. The oviducts are not coiled but are
folded which run posteriorly to open independently into the cloaca. The diameter of the
oviduct shows gradual increase towards the posterior side in cross section.
The lower part of the oviduct is designated as the uterus where the eggs are stored
temporarily prior to laying. In the anterior part of the oviduct there are many albumen
glands and the posterior part is provided with shell glands. In Calotes, fertilisation is
internal. Mature eggs are fertilised in the anterior part of the oviduct. The eggs are
heavily yolked and are covered by calcareous shell.

02 Respiratory System

Respiratory System of Pigeons
The flight activity requires a continuous and abundant supply of oxygen, therefore, the
respiratory system of birds is highly developed and well differentiated. Respiration is
pulmonary and respiratory organs are simple. Muscular diaphragm in birds is lacking. The
respiratory system includes the respiratory tract, the respiratory organs or lungs and the air
sacs.
Respiratory Tract:
The respiratory tract includes nares, nasal sacs, glottis, larynx, trachea and syrinx.
(i) Nares, Nasal Sacs and Glottis:
The external nares or nostrils are a pair of slit-like oblique apertures occurring at the base
of upper beak and are overlapped by a swollen sensitive skin, the cere. The external nares
open into short olfactory or nasal sacs which remain communicated to the pharynx by
internal nares or choanae. A median slit-like glottis lies behind the base of the tongue and
it opens into the trachea. At the anterior end of trachea is present an expanded chamber,
the larynx.
(ii) Larynx:
The larynx is an expanded, voiceless chamber

which occurs at the anterior most margin of trachea and is greatly reduced in birds. The
larynx is supported by a triangular cricoid cartilage, formed of four pieces, two of
which lying above are called procricoids present only in some birds. The larynx also
has a pair of partly ossified curved arytenoids cartilages.
Thyroid cartilage found in mammals is absent. There are no vocal cords which are the
characteristics of mammals, therefore, the larynx of birds does not function as a sound
producing organ. Larynx opens into a long trachea.
(iii) Trachea:
The trachea is a long, cylindrical and flexible tube running backward through the neck.
It occurs beneath the oesophagus and is displaced to the left in the middle region by the
crop. On entering the thoracic cavity it expands into a syrinx and then divides into two
bronchi, one for each lung.
The walls of tracheal and bronchial tubes are supported by a series of closely-set rings.
All the tracheal and the first bronchial rings are bony and completely surround the
tube. While the bronchial rings are incomplete mesially and cartilaginous.

(iv) Syrinx:
The syrinx is a vocal organ found only in birds. It is present at the junction of trachea and
paired bronchi. It is an expanded chamber called tympanum. Its wall is supported by the
last three or four tracheal rings and the first half-rings of the two bronchi. Its inner
mucous membrane forms a cushion-like thickening on each side. At the junction of
bronchi a bar of cartilage, called the pessulus, extends dorso-ventrally and supports an
inconspicuous fold of mucous membrane, the membrana semilunaris.
The mucous membrane of inner walls of each bronchus forms an internal tympaniform
membrane and an external tympaniform membrane associated with the outer wall.
The movement or functioning of tympaniform membranes is controlled and regulated by
a pair of intrinsic syringeal muscles which arise from the sides of the trachea and are
inserted into the syrinx, and a pair of sternotracheal muscles arises from the sternum and
is inserted into the trachea.
The sound (voice) is produced by the vibrations of the semilunar membrane as the air is
forcibly expelled from the lungs, during expiration, passes between them. The pitch of the
voice is altered by sternotracheal and intrinsic syringeal muscles which change the
tension on the semilunar tympaniform membranes and so the pitch of the sound. The
syrinx is absent in ostriches and storks, etc.

Respiratory Organs or Lungs:
The lungs of pigeon are bright red, small, compact, slightly distensible, being solid,
spongy, highly vascular organs. They differ from those of other vertebrates in that they do
not store air. They lie in the pleural cavities which are separated from the peritoneal or
abdominal coelom by an oblique septum.
The dorsal surface of the lungs is closely applied to the ribs and thoracic vertebrae and
has no peritoneal covering. Their ventral surface is free and covered by a special fibrous
peritoneal membrane called pleura or pulmonary aponeurosis. Small fan-like muscles
called costopulmonary muscles arise from the junction of vertebral and sternal ribs and
are attached to the pulmonary aponeurosis.
The bronchus entering a lung from the antero-ventral side does not branch immediately
as in other tetrapoda and is called primary bronchus. Within the lung, it loses its
cartilaginous rings and continues up to its distal or posterior end, and is called
mesobronchus.
The mesobronchus gives off branches to air sacs and also gives off several secondary
bronchi which may be distinguished as dorsal, ventral and lateral according to their
position. The secondary bronchi (dorsal and ventral) then branch into tertiary bronchi or
parabronchi.

The parabronchi form an intricate system of branching and anastomosing thin-walled air capillaries
forming loops and also join recurrent bronchi. The lung parenchyma has hexagonal areas, each has a
central parabronchus, surrounded by a system of air capillaries and interlacing blood capillaries.
Thus, parabronchi and air capillaries do not end blindly. There is no dead space in the lungs. Each air
capillary opens by both ends into a parabronchus. Alveoli are not found in the lungs. The air
capillaries are lined with a vascular respiratory membrane and they come into contact with blood
capillaries for an exchange of gases. In birds, thus, the branches do not have blind endings in alveoli
as in mammals. They form an inter-communicating system of bronchi, parabronchi, and air
capillaries forming complete air circuits in which air circulates.
Air Sacs:
From the mesobronchus arise secondary bronchi (dorsal, ventral and lateral), dorsal and ventral
divide into parabronchi, but in each lung lateral secondary bronchi do not divide but pass through
walls of the lung and enter the air sacs except the abdominal air sacs which are connected with the
mesobronchus. The air sacs are, thus, dilations of the bronchi.
The air sacs are large, thin-walled membranous, non-muscular and non-vascular structures. They do
not increase the respiratory surface and lie among the viscera and also extend into some of the larger
bones. Their total volume is more than that of lungs and fills up much of the body cavity. Openings of
bonchi into air sacs are called ostia.

From the anterior ends of air sacs arise small recurrent bronchi or sacco-bronchi, which connect the
sacs with parabronchi and the air capillaries of the lungs. Cervical air sacs have no recurrent bronchi.
The pure air is returned from air sacs into the lungs through these recurrent bronchi. Air sacs are
paired but in pigeon, the two interclavicular air sacs fuse during early development. Pigeon has nine
large air sacs and are named according to their position in the body.

(a) Interclavicular:
It is a median, unpaired, somewhat triangular air sac connected to the secondary bronchi of both
lungs. It lies in between the angle of two limbs of the furcula. From each side of the interclavicular
air sac arises two tubular auxiliary (axillary) air sacs, one of which enters the humerus bone
through a pneumatic foramen as axillary or extra-clavicular air sac and a clavicular air sac.
(b) Cervical:
A pair of small cervical air sacs arises anteriorly, one from each lung. They lie at the base of the
neck, dorsal to the interclavicular and alongside the vertebral column. They give out minor saccular
branches in the neck.
(c) Anterior Thoracic:
From the side of each lung arises an anterior thoracic air sac which lies at ventral side of lung in the
anterior portion of the thorax, in close contact with the ribs and the pericardium. Each extends
back and overlaps the posterior thoracic air sacs. Its ventral wall remains covered by the oblique
septum.

(d) Posterior Thoracic:
A pair of small, posterior thoracic air sacs is found in the posterior part of the thoracic cavity
just in front of abdominal sacs. Each sac overlaps the posterior end of its lung and
communicates with its outer posterior angle.
(e) Abdominal:
From the distal end of each lung arises a large abdominal air sac. Each abdominal air sac lies
along the dorsal wall of the abdomen, ventral to the kidneys, amongst the coils of the small
intestine.
Functions of Air Sacs:
The air sacs are thin reservoirs of air which communicate with bronchi on the one hand and
with the pneumatic cavities of the bones, on the other hand.
They serve the following functions:
i. Accessory Respiratory Organs:
The air sacs are not respiratory organs but they help in respiration. They act as bellows forcing
their air into the lungs for ventilation at each expiration to completely renew the air in the
lungs, thus, there is no “dead space” of unrespired air in the lungs.
But, it is claimed that the anterior air sacs are expiratory (interclavicular, cervical and anterior
thoracic) and they are more active during flight. The posterior air sacs are inspiratory
(posterior thoracic and abdominal), they are more active when the bird is not flying.

ii. Lightness:
The air sacs also act as balloons giving buoyancy in flight and reducing the specific
gravity of the bird due to the contained warm air. This view is no longer supported
now.
iii. Temperature Regulation:
The air sacs also help to maintain and regulate body temperature acting as a cooling device by
losing body heat through internal evaporation, i.e., water vapours diffuse from the blood into
cavities of air sacs and pass out through the lungs, accompanied by loss of body heat.
iv. Cardiac Movements:
According to Muller (1908), the air sacs allow movement to the heart in a very rigid thorax.
v. Flight:
The best flying birds possess most highly developed air sacs which confirm their association with
flight.
Respiratory Mechanism:
In pigeon and other birds the expiration is an active process and not inspiration as in other
vertebrates. The lungs have a large internal respiratory surface.
i. Breathing at Rest:
In a resting pigeon during inspiration, the respiration is brought about by costopulmonary or
intercostal muscles (inspiratory) which lowers the sternum, the air sacs expand and the lungs are
compressed, thereby increasing the thoracic and abdominal cavities. It reduces the pressure on the
lungs.
Air is drawn into the posterior air sacs through the mesobronchus. Thus, in inspiration a large
amount of air goes from secondary bronchi into the air sacs.

03 Flight Adaptation

The forelimbs are modified into wings, which is the only organ of flight. ... The wings have a
thick, strong leading edge with a concave lower surface and a convex upper surface. This
helps in increasing the air pressure below and reducing the air pressure above. Thus
the bird can fly upward and forward during flight.

Breathing during Flight:
During flight, the sternum and ribs become immovable to brace the wings, and the ordinary method of
inspiration and expiration by intercostal and abdominal muscles respectively is abandoned.
In birds the air is constantly renewed and passes several times over the respiratory epithelium of air
capillaries, because of intercommunicating system of tubules. The aeration of blood is absolutely complete,
allowing a high degree of muscular efficiency and maintaining a high body temperature which ranges from
102° to 111°F (passerine birds).
Compact Body
The body of a bird is compact, dorsally strong and ventrally heavy to maintain equilibrium in the air. Their
wings are attached on the thorax, the light organs like lungs and sacs are positioned high, the heavy muscles
placed centrally are other features that help in flight.
Body Covered With Feathers
The feathers are smooth, directed backwards, and closely fitting which make the body streamlined and reduce
friction during flight. It lightens the body weight and protects it from the effect of environmental temperature.
They also have a wide surface area for striking the air.
Feathers add to the body buoyancy. It insulates the body and prevents any loss of heat from the body.
This helps the birds to bear low temperatures at higher altitudes.

ii. Lightness:
The air sacs also act as balloons giving buoyancy in flight and reducing the specific
gravity of the bird due to the contained warm air. This view is no longer supported
now.
iii. Temperature Regulation:
The air sacs also help to maintain and regulate body temperature acting as a cooling device by
losing body heat through internal evaporation, i.e., water vapours diffuse from the blood into
cavities of air sacs and pass out through the lungs, accompanied by loss of body heat.
iv. Cardiac Movements:
According to Muller (1908), the air sacs allow movement to the heart in a very rigid thorax.
v. Flight:
The best flying birds possess most highly developed air sacs which confirm their association with
flight.
Respiratory Mechanism:
In pigeon and other birds the expiration is an active process and not inspiration as in other
vertebrates. The lungs have a large internal respiratory surface.
i. Breathing at Rest:
In a resting pigeon during inspiration, the respiration is brought about by costopulmonary or
intercostal muscles (inspiratory) which lowers the sternum, the air sacs expand and the lungs are
compressed, thereby increasing the thoracic and abdominal cavities. It reduces the pressure on the
lungs.
Air is drawn into the posterior air sacs through the mesobronchus. Thus, in inspiration a large
amount of air goes from secondary bronchi into the air sacs.

Forelimbs Modified into Wings
The forelimbs are modified into wings, which is the only organ of flight. These consist of a
framework of bones, muscles, nerves, feathers, and blood vessels.
The wings have a large surface area. They also support the bird in the air. The wings have a thick,
strong leading edge with a concave lower surface and a convex upper surface. This helps in
increasing the air pressure below and reducing the air pressure above. Thus the bird can fly upward
and forward during flight.
Mobile Neck and Head
The birds have a long and flexible neck, which helps in the movement of head important for various
functions. They possess a horny beak which helps them to pick the grains and insects while feeding.
Bipedal Locomotion
The anterior part of the body of a bird helps in taking off during flight. The anterior part of the body
also helps birds to land. The hindlimbs help in the locomotion on land. They can support the entire
body weight of a bird.
Perching
When a bird sits on the branch of a tree, its toes wrap around the twig. This is known as perching.
The muscles are so well-developed that a bird can sleep in that position without falling.
Short Tail
The tail bears long feathers that spread like a fan and function as a rudder during flight. They also
help in balancing, lifting, and steering while flying and perching.

Anatomical Adaptations
Flight Muscles
The well-developed muscles control the action of the flight muscles. It weighs about 1/6th of the
entire bird. The flight muscles are striated. The muscles on the wings are large. Other muscles help
the above muscles in functioning.
Light and Rigid Endoskeleton
The birds have a very stout and light skeleton. The bones are hollow, filled with air sacs. They are
provided with a secondary plastering to increase their rigidity. The bones are fused and lack bone
marrow.
The birds lack teeth. The thoracic vertebrae are fused except for the last one. This plays an essential
role in the action of wings striking the air.
Digestive System
The birds have a very high rate of metabolism. Therefore, food digests rapidly. The length of the
rectum is reduced because of the minimum undigested waste. They have no gall bladder which
reduces the weight of the bird.
Respiratory System
The respiratory system of birds is designed in such a manner that the food is oxidised rapidly and a
large amount of energy is liberated. Since the metabolism rate is higher, a large number of oxygen
molecules are required by the body. For this, the lungs are provided which occupy the entire space
between the internal organs.

Circulatory System
Rapid supply of oxygen is required by the blood due to rapid metabolism rate
in birds. Therefore, birds require an efficient circulatory system. Birds have a
four-chambered heart that performs double circulation. This prevents the
mixing of oxygenated and deoxygenated blood. Also, the birds contain a
large amount of haemoglobin in their red blood cells, which helps in the
quick aeration of body tissues.
Warm Blooded
The temperature of the body of a bird remains high and does not change with
the change in the environment. This facilitates the birds to fly at very high
altitudes.
Excretory System
The nitrogenous waste is converted to less toxic organic compounds such as
uric acid, and urates. They have no urinary bladder. The uriniferous tubules
efficiently absorb water

04 Digestive System

The digestive system of the rabbit consists of the alimentary canal and the digestive glands
associated with the alimentary canal.
Alimentary Canal:
The alimentary canal of rabbit is a long coiled tube of variable diameter starting from mouth
and terminatings at anus. It consists of mouth, vestibule, pharynx (forming bucco-pharyngeal
cavity), oesophagus, stomach, small intestine, caecum, large intestine and anus.
Bucco-Pharyngeal Cavity:
1. Mouth:
The mouth is a transverse slit-like terminal aperture situated a little below the anterior tip of
snout. The mouth is bounded by two soft mobile and muscular lips. These are externally
covered by a hairy skin and internally lined with mucous membrane. The upper lip is divided
by a median cleft extending up to the nostrils. Through this cleft the upper incisors remain
exposed outwardly even when mouth is closed.
2. Vestibule:
The mouth opens into a narrow vertical space, called the vestibule, present in between lips
and cheeks and gums of the jaws. Its mucous membrane contains mucous secreting glands.
. Buccal Cavity:
The vestibule opens into a large spacious buccal cavity in between the jaws. It is lined by the
mucous membrane and contains the palate, tongue and teeth.
(i) Palate:
It forms the roof of buccal cavity. The anterior end of the palate is hard, supported by the
premaxillae, maxillae and palatine bones forming the hard palate. The mucous membrane
lining the palate (ectodermal in origin) forms transverse ridge, known as palatal rugae.

The posterior end of the palate is soft, smooth, fleshy and formed of connective tissue, called
soft palate. The soft palate posteriorly hangs down freely into pharynx as a small flap, the
uvula. The palate divides the original buccal cavity into a dorsal nasal passage and ventral
food passage.
The separation of the buccal cavity from the nasal passage by the palate enables the rabbits
to retain their food in the mouth during chewing and to breathe at the same time. There is
no clear cut demarcation between the buccal cavity and the pharynx, therefore, both these
structures are considered together as buccopharyngeal cavity.
There is a pair of small openings of naso-palatine ducts in the anterior part of hard palate,
which lead into the nasal or olfactory cavities. A tubular Jacobson’s organ opens into each
naso-palatine duct whose function is probably to recognise different kinds of food. These are
enclosed in a cartilage and situated on the floor of the nasal cavities.
(ii) Tongue:
The tongue is situated on the floor of the buccal cavity and the greater part of its length is
attached to the floor of the buccal cavity with a free rounded tip in front. It is a fleshy,
muscular and movable organ.The tongue is covered with mucous membrane beset with
numerous papillae. On certain papillae are situated the taste buds.
On the basis of shape and size, these papillae are of four types:
(i) Fungiform, which are numerous mushroom-shaped situated at the margins of the
tongue,
(ii) Filiform, which are numerous filamentous, situated at the upper surface of the tongue,
(iii) Circumvallate are large-sized, few in number situated at the base of the tongue, and

(iii) Teeth:
Both the jaws of rabbit bear teeth. These are situated on the premaxillae and maxillae of the
upper jaw and dentary bones of the lower jaw. The teeth are situated in the cup-like sockets
of the jaw bones, i.e., thecodont (L., theca = a case or sheath + G. odous = teeth) and are of
different shapes, i.e., heterodont (Gr., heteros = different).
Teeth in rabbit are also diphyodont, i.e., two sets of teeth are seen during the lifetime of
rabbit like majority of other mammals. The first set is known as milk-teeth which are
deciduous in the young condition. The milk-teeth are replaced by the other set of
permanent teeth in the adults which are not replaced.
Heterodont Dentition:
The teeth in mammals are four different types- incisors, canines, premolars and molars. All
of these are with characteristic shape, definite position and function. Their number is also
definite and fixed in every mammal. In rabbit only three types of teeth are found, because
canines are absent.
As there are no canines in both the jaws, a large gap called diastema is found between the
incisors and cheek-teeth. The cheek-teeth, premolars and molars are alike with broad crown
having sharp transverse ridges used for grinding the food. So they are also known as
grinders. Such types of cheek-teeth are known as lophodont. Each half of the upper jaw has
three premolars and three molars, while in the lower jaw only two premolars and three
molars are found.

4. Pharynx:
The buccal cavity indistinguishably merges posteriorly into the pharynx which is small
and narrow cavity.
The soft palate divides the pharynx incompletely into three parts:
(i) Nasopharynx is dorsal to the soft palate,
(ii) Oropharynx beneath the soft palate, and
(iii) Laryngopharynx around the freely suspended uvula or velum palati.
It communicates with the first two cavities. The nasopharynx communicates anteriorly
with the nasal chambers through internal nares.
It has also a pair of oval eustachian openings on lateral sides. Eustachian openings lead
to the tympanic cavities through the eustachian tubes. Just behind the tongue, the floor
of laryngopharynx contains a median vertical slit-like glottis, which leads into larynx.
The glottis is guarded by a thin, bilobed cartilaginous flap called epiglottis. It develops
from its anterior margin. When the animal swallows the food, the soft palate closes the
internal nares and the epiglottis closes the glottis, so that the food passes into the
oesophagus and never into the trachea. The laryngopharynx opens behind into the
oesophagus through a wide gullet.

5. Oesophagus:
It is a long, narrow, distensible muscular tube. The oesophagus is joined by mucus
secreting goblet cells, the secretion of which smoothens the oesophageal passage The
oesophagus passes through the neck dorsally and parallel to trachea and passes
through thoracic cavity dorsal to heart and lungs.
It then pierces the diaphragm to open into a sac-like stomach located in the abdomen.
The inner wall of oesophagus is elevated into a number of longitudinal folds.
Oesophagus acts as an organ of conducting the food and no digestion occurs here.
Histologically, the oesophagus is formed of four layers which are found throughout
the alimentary canal. These from outer side are- serosa, muscular coat, submucosa and
mucosa.
The outer layer or serosa is the thin fibrous layer which is absent in the upper part of
oesophagus because it lies outside the coelom. It is only covered by a thin layer of
fibrous connective tissue the tunica adventitia. Beneath it lies a thick muscularis layer.
The muscularis layer is formed of outer longitudinal muscle layer and inner thick
layer of circular muscles.
In the upper half of oesophagus the muscle fibres are of striped type and the lower
half contains the unstriped type. The muscularis layer is followed by a submucosa
layer. It is a connective tissue layer , lymphatics and nerves. It also supports plexus of
Meissner composed of nerve cells and fibres. The submucosa is followed by a mucosa
layer which is mainly formed of stratified equamous epithelium

It is formed of three layers:
➢ Innermost stratified squamous epithelium,
➢Lamina propria (corium) is a thin layer of loose connective tissue having blood capillaries
lymph vessels and nerves. It is projected into the epithelium, and
➢Muscularis mucosae is a narrow layer of inner circular and outer longitudinal smooth
muscle fibres. It separates mucosa from submucosa.

6. Stomach:
The stomach is a large, curved sac-like structure situated behind the diaphragm slightly towards the left
side in the abdominal cavity. The stomach is differentiated into three regions an anterior large broad
cardiac region into which oesophagus opens, a narrow posterior pyloric region which leads into the
duodenum and the third part is situated in between cardiac and pyloric regions, called fundic region.
A muscular sphincter or cardiac valve is present at the opening of the oesophagus in cardiac region
which prevents the backward passage of food from stomach to oesophagus. Similarly a circular pyloric
sphincter is present at the opening of pyloric stomach into duodenum called pylorus. It prevents the
backward movement of food from duodenum to pyloric stomach. The end of pyloric stomach is
externally marked by a circular groove, the pyloric constriction. The cardiac and pyloric openings are
near to each other. Near the outer curve of stomach is present a red elongated spleen. The function of
stomach is to store food, churning of food and partial digestion of food.

These are of three types:
(i) Gastric glands of the cardiac region, called cardiac glands, contain only mucus secreting cells.
(ii) Gastric glands of the pyloric region, called pyloric glands, also produce mucus only.
(iii) Gastric glands of the fundic region, called fundic glands, contain(a) mucous secreting cells,
(b) zymogen cells or propepsin,
(c) prorenin secreting cells and
(d) oxyntic cells or hydrochloric acid producing cells.

. Intestine:
The intestine of the rabbit is very much coiled and long, nearly 1.2 metres in length, and can be
divided into small and large intestines.
(i) Small Intestine:
It is formed of the following parts:
(a) Duodenum:
The first part of the small intestine is the duodenum which runs backwards, then turns in front
forming a U-shaped loop. In the loop of the duodenum a pinkish diffused structure is found which
is known as pancreas. The pancreatic duct from the pancreas opens in the proximal part of distal
limb of the duodenum and the bile duct opens in the proximal limb.
Histologically, the duodenum is also formed of four layers, outermost serosa, mucularis,
submucosa and mucosa. Submucosa layer contains branched glands, called Brunner’s glands,
which produce mucous to protect the stomach lining from acid. These are characteristic of
duodenum and not found in other parts of small intestine.
(ii) Large Intestine:
The large intestine proceeds from the junction of caecum and sacculus rotundus. The opening of
the caecum into the large intestine is much wider. The large intestine can be divided into two parts,
a colon and the rectum.
(a) Colon:
The colon is the first part of large intestine which is about 45 cm long and bears longitudinal
muscle bands, the taeniae. The wall of the colon is constricted at the sides of the taeniae at regular
intervals to form pocket-like pouches, the haustra.
(

iii) Submandibular or Submaxillary Glands:
These glands are situated on the inner side of the angles of lower jaws. Their long ducts
open behind the lower incisors.
(iv) Sub-Lingual Glands:
These glands are situated below the tongue. Their several short ducts open below the free
part or tip of the tongue.
Saliva is watery, alkaline and secreted by these glands, which contain slippery mucin and
watery enzyme ptyalin. The mucin lubricates the food and the food-passage, while ptyalin
helps in the digestion of starch in the form of maltose. The salivary glands are stimulated
to produce saliva by reflex actions caused due to the presence of food in the buccal cavity.

2. Pancreas:
It is an irregular, pinkish gland situated in ‘U’-shaped duodenum supported by mesentery. Its duct
opens into the distal limb of duodenum. Histologically, it consists of a large number of branching
tubules, called acini, embedded in connective tissue containing blood and lymph vessels, nerves and
pancreatic ductules.
The acinus is formed of cuboidal epithelial cells around a narrow lumen. These secrete the
pancreatic juice consisting of several enzymes like trypsinogen, amylase and lipase, which act on
proteins, starches and lipids respectively. The small ducts arising from the acini unite together to
form a common pancreatic duct, which opens at the distal end of duodenum.
Several groups of cells, called islets of Langerhans, are found situated in between the acini of
pancreas constituting an endocrine gland. Their secretion is a hormone, called insulin, produced by
beta cells, which plays an important role in the metabolism of carbohydrates.
It regulates the amount of sugar in blood. The deficiency of insulin causes a disease, called diabetes.
Alpha cells of islets of Langerhans secrete glucagon hormone which increases the concentration of
glucose in blood. Its deficiency causes hypoglycemia.
3. Liver:
The liver is the largest gland of the body and remains attached to the posterior concavity of
diaphragm by a fold of peritoneum, called faciparum ligament. It consists of five lobes, three are on
the left and two on the right sides.

The left lobes are left lateral, left central and a Spigelian lobe, while the right lobes are right central
or cystic and caudate lobe. The gall bladder is a large saccular thin-walled and dark green structure,
situated in a groove on the posterior surface of right central lobe.
A large cystic duct arises from the gall bladder which receives several small hepatic ducts (equal to
the number of lobes) from the different lobes of the liver carrying bile to the gall bladder, where it
is stored and condensed. Thus, a large common bile duct is formed which opens in the proximal
limb of the duodenum near pylorus guarded by sphincter.
Histological Structure:
Liver is a spongy, racemose type of structure. It is externally covered by a fibro-elastic serous coat
(liver capsule). Each lobe of liver consists of a number of hepatic lobules separated from one
another by a thin layer of connective tissue called septa or Glisson’s capsule but the separation of
hepatic lobules in rabbit and man is incomplete.
Functions of Liver:
The important functions of liver can be summarised as below:
1.
It secretes bile which is an alkaline dark green coloured fluid, having several organic and
inorganic salts (bile salts), bile pigments, cholesterol, lecithin, water as well as some waste
substances.
The bile performs following functions:
(i) It makes the chyme alkaline better suited for the action of pancreatic juice.
(ii) It is responsible for the emulsification of fats.

(iii) It helps in removing the excretory products like bile pigments, inorganic salts, toxins etc.,
from the body.
(iv) It stimulates peristalsis.
(v) Some bile salts are necessary for the absorption of fat-soluble vitamin K and other vitamins
soluble in fats.
(vi) Bile acts as an antiseptic, therefore, it does not allow the growth and multiplication of
bacteria.
2. The excess of sugars are stored in the liver cells as glycogen by the process of glycogenesis.
3. It helps in maintaining a constant sugar level in the blood, i. e., at the time of need glycogen is
converted into glucose (glycogenolysis).
4. It is a storage organ for the salts of iron and copper, and ribouncleoproteins.
5. Vitamin K is manufactured and stored in liver. It also stores vitamin D.
6. Lymph is formed from the liver.
7. It decomposes proteins and amino acids to ammonia from which urea is formed by a cyclical
chain of reactions.
8. It produces fibrinogen and prothrombin responsible for clotting of blood.
9. It produces heparin which checks the coagulation of blood in the blood vessels. 8. It produces
fibrinogen and prothrombin responsible for clotting of blood.
9. It produces heparin which checks the coagulation of blood in the blood vessels.

10. It helps in removing various unwanted substances like carbolic acid,
cresol, etc., from the blood coming from the alimentary canal.
11. It helps in changing amino-acids into albumin which regulate the saltwater balance in the body.
12. It produces red blood corpuscles in the foetus of mammals.
13. The Kupffer cells of the liver destroy the germs of many diseases and
worn out RBCs & by phagocytosis.
14. It is the main heat producing centre of the body.
15. It produces certain substances which check anaemia.
Besides these three types of glands, intestinal glands are found in the mucosa
of small villi secreting intestinal juice, and gastric glands are found in the
mucosa of stomach which secrete mucus, pepsinogen, renin and hydrochloric
acid

05 Nervous System

Nervous System of Rabbit (With Diagram)
The nervous system of rabbit consists of three divisions:
1. The central nervous system including brain and spinal cord.
2. The peripheral nervous system including nerves coming out from the brain and spinal
cord, i.e., cranial nerves and spinal nerves.
3. The autonomic nervous system including sympathetic nervous system and
parasympathetic nervous system.
1. Central Nervous System:
A. Brain:
The brain of rabbit is essentially made on the same plan as that of the frog and other
vertebrates but in rabbit is more complicated. The brain is found enclosed in the cranial
cavity of the skull.
Meninges:
Brain is surrounded by 3 membranes which are collectively known as meninges. In rabbit
these membranes are piamater, arachnoid layer and duramater. The piamater is a thin highly
vascularised membrane closely applied with the brain.
The duramater is the outermost tough membrane applied with the inner surface of the
cranial cavity.. Both above and below the arachnoid layer there are spaces called subdural
cavity and subarachnoid cavity respectively. These are crossed by fibres.

Cerebrospinal Fluid:
The subdural and subarachnoid spaces are filled with the watery cerebrospinal fluid. The
arachnoid layer at some places is provided with vascular arachnoid villi which absorb the
cerebrospinal fluid which then reaches the venous system. The brain is hollow whose
various cavities are called ventricles and are also filled with the above fluid. The
cerebrospinal fluid is lymph-like and secreted by the anterior and posterior choroid
plexuses.
Meninges:
Like brain, the spinal cord is also enclosed in three membranes- outer duramater, middle
arachnoid layer and inner piamater. The subarachnoid space is filled with cerebrospinal
fluid.
Histology:
The structure of spinal cord can be well explained with the help of its transverse section. In
T.S. it appears to be a more or less spherical structure having a central canal in its centre. It
is composed of a central grey matter with nerve cells (neurons), which seems to be a
butterfly-like or H-shaped structure. The grey matter is projected into the dorsal and
ventral horns. This grey matter is surrounded by the white matter formed of medullated
nerve fibres.
The white matter is distinctly divided into two compartments by a dorsal fissure and a
narrow dorsal septum extending up to central canal and a broad, deep ventral fissure. The
white matter of each compartment can be further distinguished into dorsal, lateral and
ventral columns, i.e., dorsal funiculus, lateral funiculus and ventral funiculus

2. Peripheral Nervous System:
A. Cranial Nerves:
The nerves coming out from the brain constitute the cranial
nerves. In rabbit (mammals) twelve pairs of cranial nerves are
found. First ten pairs of cranial nerves are like that of fishes and
amphibians. The two additional pairs are the spinal accessory
(XI) and the hypoglossal (XII). The facial (VII) in mammals
lacks ophthalmic, buccal and lateral branches. Each cranial
nerve originates from a distinct separate root.
.

Histology:
The brain is formed of two types of nervous tissues. The outer part of brain is made of grey
matter having only nerve cells. It is called cortex. The inner part of brain is the medulla
formed of white matter having only nerve fibres and neuroglia (supporting structure).
Ventricles of the Brain:
Each olfactory lobe has a narrow cavity, the rhinocoel. The rhinocoel of each side is
connected with the cavity of the cerebral hemisphere, lateral ventricle of its side. The
diencephalon which is situated just below the cerebral hemispheres has the third ventricle
or diacoel.
The lateral ventricles of the hemispheres and diacoel are connected with each other
through foramen of Monro. A narrow passage, the iter or Sylvian aqueduct, is found in the
midbrain which connects the diacoel with the 4th ventricle or metacoel. The 4th ventricle is
the cavity of the medulla oblongata which is broader anteriorly but gets narrower
posteriorly.
B. Spinal Cord:
The spinal cord is the continuation of the medulla oblongata after coming out of the
cranium through foramen magnum. It runs through the neural canal of the vertebrae and
terminates behind in the lumbar region as filum terminate. The spinal cord is white, thickwalled tube formed of nervous tissue. The filum terminate is a thread-like non-nervous
structure.
The spinal cord is swollen at the levels of fore-and hindlimbs, which are called brachial and
sciatic swellings respectively. These swellings give off nerves to the fore-and hindlimbs.

B. Spinal Nerves:
The spinal nerves in rabbit are 37 pairs which can be divided into five zones, viz., 8 pairs cervical,
12 pairs thoracic, 7 pairs lumbar, 4 pairs sacral and 6 pairs caudal nerves. Each arises from the cord
by two roots- dorsal and ventral.
The sensory nerve fibres are found in the dorsal root and motor nerve fibres are found in the ventral
root. The dorsal root after coming out from the spinal cord bears a dorsal root ganglion. The dorsal
and ventral roots of the spinal nerves originate from the dorsal and ventral horns of the grey matter
of the spinal cord respectively.
Plexes:
The ventral rami of 4th, 5th, 6th cervical nerves of the neck region meet to form a network, called
cervical plexus. It sends a phrenic nerve to muscles of diaphragm. The 5th, 6th, 7th and 8th cervical
nerves and the first thoracic nerve in the region of forelimbs anastomose together to form a brachial
plexus.
(b) Midbrain:
The midbrain is largely covered by the cerebral hemispheres. It consists of the optic lobes which are four in
number, two on each side situated behind the pineal body. All the optic lobes are collectively called corpora
quadrigemina. The anterior pair of optic lobes are larger called superior colliculi, and the posterior lobes are
smaller called the inferior colliculi. Superior colliculi are associated with the sight, while inferior colluculi
are concerned with hearing. The cavity of midbrain is narrow, called the iter.
Its floor is formed of thick longitudinal bands of nerve fibres called the crura cerebri. These connect the
forebrain with the hindbrain. The optic lobes are the centre of sense of sight. Crura cerebri control the
activity of muscle fibres.

(c) Hindbrain or Rhombencephalon:
It consists of the cerebellum or metencephalon and medulla oblongata or
myelencephalon.
(i) Cerebellum:
The cerebellum of rabbit is well developed and consists of a large median lobe called
vermis, two lateral lobes situated on the sides of the vermis and two floccular lobes
situated on the ventro-lateral sides of the lateral lobes. The surface of the cerebellum is
thrown out into a number of folds, therefore, increasing the area of grey matter.
Cerebellum has no cavity. It is responsible for maintaining the equilibrium and it
coordinates the voluntary muscular movements.
The ventral surface of cerebellum has strong transverse bands of fibres connecting the
right and left halves of cerebellum. It is called pons Varolii.
(ii) Medulla Oblongata:
The medulla oblongata is the posteriormost part of the brain which is broad and
triangular anteriorly but gradually narrows posteriorly so as to form the spinal cord. Its
cavity is called the metacoel or IV ventricle. It continues into the central canal of spinal
cord. The roof of the metacoel is non-nervous and vascular which forms the posterior
choroid plexus. Medulla oblongata and pons Varolii control the involuntary activities of
the body, such as digestion, respiration, excretion and circulation, etc.

2. Peripheral Nervous System:
A. Cranial Nerves:
The nerves coming out from the brain constitute the cranial nerves. In rabbit (mammals) twelve
pairs of cranial nerves are found. First ten pairs of cranial nerves are like that of fishes and
amphibians. The two additional pairs are the spinal accessory (XI) and the hypoglossal (XII). The
facial (VII) in mammals lacks ophthalmic, buccal and lateral branches. Each cranial nerve
originates from a distinct separate root.
. Spinal Nerves:
The spinal nerves in rabbit are 37 pairs which can be divided into five zones, viz., 8 pairs cervical,
12 pairs thoracic, 7 pairs lumbar, 4 pairs sacral and 6 pairs caudal nerves. Each arises from the cord
by two roots- dorsal and ventral.
3. Autonomic Nervous System:
The autonomic nervous system is mainly responsible for controlling the involuntary visceral cardiac
and glandular muscles of the body. It is of two types- sympathetic nervous system and
parasympathetic nervous system.
Parts of Brain:
The brain of rabbit can be divided into three regions:
(a) The forebrain or prosencephalon,
(b) The midbrain or mesencephalon, and
(c) The hindbrain or rhombencephalon. Their parts are the same in all the vertebrates.
(a) Forebrain:
It consists of a pair of olfactory lobes, a pair of cerebral hemispheres and an unpaired diencephalon.

Parts of Brain:
The brain of rabbit can be divided into three regions:
(a) The forebrain or prosencephalon,
(b) The midbrain or mesencephalon, and
(c) The hindbrain or rhombencephalon. Their parts are the same in all the
vertebrates.
(a) Forebrain:
It consists of a pair of olfactory lobes, a pair of cerebral hemispheres and an
unpaired diencephalon.
(i) Olfactory Lobes:
The olfactory lobes are the anterior most part of the forebrain and are clubshaped, projecting in front of the cerebral hemispheres. Each olfactory lobe
consists of an olfactory bulb and an olfactory tract. The olfactory tract is
clearly seen from the ventral side, as it is found concealed beneath the frontal
lobes of cerebral hemispheres and connected with the hippocampal
lobesThese lobes are responsible for controlling the sense of smell.

(ii) Cerebral Hemispheres or Cerebrum:
The cerebral hemispheres or telencephalon are well developed and form about 2/3 of the
whole brain. They are narrow in front and broad behind, and their surface is nearly smooth.
They extend backwards, covering the diencephalon and midbrain and almost touch the
cerebellum.
They partly cover the olfactory lobes anteriorly. Dorsally a deep longitudinal median fissure
separates the two cerebral hemispheres. The hemispheres are further divided into many
lobes by fissures.
A shallow lateral and oblique Sylvian fissure divides each hemisphere into a larger, frontal
lobe and a smaller postero-lateral temporal lobe. Ventrally a longitudinal hippocampal
sulcus or fissure on each hemisphere separates it into an outer lobe and an inner lobe,
called the hippocampal or pyriform lobe. A shallow ventral longitudinal rhinal fissure
separates the olfactory duct from the hippocampal lobe.
Internally both the cerebral hemispheres are connected by a dorsal broad transverse band
of nervous tissue, called the corpus callosum (characteristic of placental mammals). The
cavity of each cerebrum is called the paracoel or lateral ventricle or II ventricle. Both the
cavities are connected with each other and also with the diacoel through a narrow passage,
called the foramen of Monro.
The roof of paracoel is formed of corpus callosum and floor, and lateral walls by corpus
striatum. Both the corpora striata are connected by a transverse anterior commissure.
Cerebral hemispheres control all the involuntary actions of the body and the centres of
intelligence, memory, thought, etc., are found in these hemispheres. The cerebral
hemispheres are not well developed in the lower animals.

iii) Diencephalon:
The diencephalon or thalamencephalon is narrow, rectangular, lies below and
covered by the posterior extension of cerebral hemispheres. From the dorsal side
of diencephalon arises a slender pineal-stalk having a terminal rounded pineal
body. Remaining part of the roof (dorsal side) is non-nervous and highly vascular.
It is called the anterior choroid plexus.
On the ventral side the floor of diencephalon gives off a median rounded
infundibulum, which carries an oval Rathke’s pouch or hypophysis. Behind it is
attached a small rounded corpus albicans. Infundibulum and hypophysis together
form the pituitary body. In front of the infundibulum is present the optic chiasma
formed by the crossing of two optic nerves.
The cavity of diencaphalon is called the diacoel or III ventricle. The roof of diacoel
is called epithalamus, floor is hypothalamus and the lateral thickened walls are
optic thalami (singular is thalamus). Optic thalami are connected with each other
by a transverse middle commissure occupying the greater part of diacoel. It is
formed of only nerve cells without fibres.
The centre of autonomic nervous system lies in diencephalon. It controls the
different chemical activities regarding the metabolism of carbohydrates, fats and
proteins. The temperature of the body and reproductive activities are controlled
by this part of the brain.
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