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Cell Structure
K ey Terms
 Cell: Small functional unit of the body. Cells group together to

form tissues. Similar tissues join to form organs, which in turn
form systems.
 Plasma membrane: It consists of 2 layers of phospholipids and
is embedded with sugar and proteins. It has a role in keeping
the composition of intracellular fluid.
 Nucleus: Genetic material is present as DNA, which directs all
metabolic activities.
 Organelles: These are small organs within the cytosol. These are
mitochondria known powerhouse of the cell. It breaks down ATP
to provide energy. Ribosomes synthesize proteins from amino
acids. Smooth endoplasmic reticulum (ER) synthesizes lipids
and steroid hormone. Rough ER is the site of protein synthesis.

The living substance of plants and animals is described by
the general term, protoplasm, which is bounded by a delicate
membrane and contains various microscopic and submicroscopic structures. The smallest unit of protoplasm,
capable of existing independently, is known as the cell. The
word cell is derived from Latin and this means—a storeroom,
a chamber and was first introduced to the biology by Robert
Hooke (1635–1703) (Fig. 2.1).
The cell is the structural and functional unit of the living
matter and is capable of carrying on the processes of life
independently.
In the unicellular organism, a single cell is capable
of multiple functions. However, in the multicellular
organisms, all these functionalities of protoplasm are divided
and delegated to the specific cells’ organelles including
protoplasm. It is quite amazing to note that complex human
body develops from a single cell – zygote, which is an outcome
of fusion of ovum and sperm. A cell divides and redivides to
form a fetus. These cells have same genetic make-up and they
resemble the genetic make-up of zygote. As the fetus grows,

 Golgi apparatus: Packages the proteins.
 Lysosomes: Contain enzymes which break down the used up
organelles.

 Cytoskeleton: Made of tiny fibers to provide support to the
cell. These are microfilaments and microtubules.

 Centriole: Directs the microtubules. Plays a role in cell division.
 Cell cycle: Comprises two phases: interphase and mitosis.

Interphase consists of G1 (first gap phase); S phase (synthesis
phase) and G2 second gap phase. Mitosis comprises prophase,
metaphase, anaphase and telophase.
 Tissue: Four basic tissues are in the body: Epithelial, connective,
muscular and nervous tissue. Each of them has various subtypes.
 Apoptosis: Programmed cell death is apoptosis

Fig. 2.1: Robert Hooke (1635–1703)
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Fig. 2.2: Electron microscopic structure of a cell

cells differentiate with different functional specializations and
perform separate functions. These functions may be inter
related or intra related in a body to carry out all the activities
smoothly.

CELL STRUCTURE
A cell has protoplasm suspended with plenty of organelles and
surrounded by plasma membrane. Each cell can be broadly
divided into three principal units (Fig. 2.2):
1.
2.
3.

Plasma membrane
Cytoplasm with its organelles and inclusions
Nucleus and its contents

Plasma Membrane
zz
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The plasma membrane or plasmalemma or cell
membrane is the outer covering of the cell and is flexible,
responsive and dynamic in structure. This membrane
isolates the individual cell from its neighbors and takes
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part in the maintenance of the intracellular environment
by controlling active transport of ions and nutrients.

Under light microscope, the membrane is thin
and invisible although the limits of cell can be
approximated by the presence of cuticular folds or
cellular secretions on the membrane (Fig. 2.3).

Under electron microscope, the cell membrane is
7.2 to 8 nm thick and is a trilaminar (triple-layered)
structure with proteins and sugars embedded in it.
This basic trilaminar structure of cell membrane is
generally described as unit membrane and it consists
of double (bimolecular) layer of lipid molecules
(light-stained), which are sandwiched within the two
densely-stained protein layers (Fig. 2.4).

Fluid Mosaic Model

At present the accepted models of cell membrane is the fluid
mosaic model. This structure was further modified by Singer
and Nicolson in 1972, and the model of cell membrane is now
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Figs 1.1A and B: Human Embryology

Microscopic anatomy (Histology and cytology) is the
study of various structures of body, like tissues and organs
with the help of a microscope.
zz
Surface anatomy (topographic anatomy) describes
deeper parts of the body but in relation to the skin
surface. It helps the healthcare teams in clinical practice
and surgical operations.
zz
Radiographic and imaging anatomy is the study of the
bones and deeper organs by plain and contrast radiography,
by ultrasound and computerized tomographic (CT) scans
(Fig. 1.2).
zz
Clinical anatomy correlates anatomy with signs and
symptoms to reach a diagnosis.
Physiology refers to the study of normal functioning of
the body. It helps the body in maintaining, adaptation and
homeostatsis.
zz

Various sub divisions of physiology are as follows:
zz
zz
zz
zz
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Cell physiology: It is the study of individual activities of
the cell to maintain homeostasis.
General physiology: It is the study of principles, which
are basic to the functions of all systems of the body.
Systemic physiology: Here, we study the functioning of
all the diverse systems of the body.
Immunology: It is the study of immune system in the
body.

LANGUAGE OF ANATOMY

Various positions, planes, and terms used in relation to
different regions and movements of a body are as follows:

Anatomical Positions

When a person is standing straight with eyes looking forward,
both arms by the sides of body, palms facing forward and both
feet together—the position is known as anatomical position
(Fig. 1.3). This position is used to ensure consistency and
accuracy in anatomical descriptions.
zz
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Fig. 1.2: PA view of X-ray chest

Supine position: When a person is lying on her/his
back, arms by the side, palms facing upward and feet put
together, the position is supine position. The arms are
extended and secured on padded arm boards. Supine
position is generally used for procedures such as cardiac,
intracranial, abdominal, laparoscopic, endovascular,
lower extremity procedures, and ear, nose, throat, neck
and face (Fig. 1.4).

zz

Fig. 1.3: Anatomical position

Lithotomy position: It involves lying on one’s back with
legs flexed at 90 degrees at hips. Person’s knees are bent
at 70 to 90 degrees, and padded feet rest attached to the
table supports both the legs. This position is mostly used
during childbirth and surgery in the pelvic area (Fig. 1.6).

Anatomical Planes

The planes divide the body into different sections and make
it easy to describe or visualize the internal arrangement from
different viewpoints. There are four body planes that lie at
right angles to each other (Fig. 1.7). These are:

Fig. 1.4: Supine position

Fig. 1.5: Prone position
Fig. 1.7: Anatomical planes
zz

Prone position: Person lying on his/her face, chest and
abdomen, is said to be in prone position. This position
is generally used for sedated patients who require a
ventilator (Fig. 1.5).
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Midsagittal: A plane passing through the center of the
body dividing it into two equal right and left halves, is the
median or midsagittal plane. Plane parallel to median or
midsagittal plane is the sagittal plane (Figs 1.7 and 1.8).
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Figs 19.43A and B: Superolateral surface of cerebral hemisphere
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External Cerebral Veins

Superior cerebral veins: These are 6 to 12 in number. They drain the superolateral surface of the hemisphere. They terminate
in the superior sagittal sinus.
Superficial middle cerebral vein: This drains the area round the posterior ramus of the lateral sulcus. It terminates in the
cavernous sinus.
Deep middle cerebral vein: This drains the surface of the insula and terminates in the basal vein.
Inferior cerebral veins: These are several in number. They are divided into orbital and tentorial veins. The orbital veins
terminate in the superior sagittal sinus. The tentorial veins terminate in the cavernous sinus.
Anterior cerebral veins: These are small veins which drain the corpus callosum and the anterior part of the medial surface
of the hemisphere. They terminate in the basal vein (Fig. 19.48).

zz
zz
zz
zz
zz
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Fig. 19.48A and B: A. Veins on the superolateral surface of cerebral hemisphere; B. MRI of veins

Internal Cerebral Veins
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There is one vein on each side. It is formed by the union of the thalamostriate and choroidal veins at the apex of the tela
choroidea of the third ventricle. The right and left veins together form the great cerebral vein below the splenium of the corpus
callosum (Fig. 19.49). Great cerebral vein joins with inferior sagittal sinus to form straight sinus which forms left transverse
sinus. It continues as left sigmoid sinus to continue as internal jugular vein on left side.

Fig. 19.49: Internal cerebral veins
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• Olfactory nerve injury results in anosmia blindness.
• Optic nerve injury results in blindness.
• Oculomotor nerve injury results in pupil turned down and
outwards
• Trochlear nerve injury results in diplopia during climbing down
the stairs
• Trigeminal nerve injury results in paralysis of muscles of
mastication and sensory loss on the face
• Abducens nerve injury results in loss of abduction of eye
• Facial nerve injury results in paralysis of upper and lower
quarter of the same side of face
• Vestibulocochlear nerve injury loss of hearing, vertigo tinnitus
• Glossopharyngeal vagus, cranial root of accessary nerve injury
results in the loss of movement of soft palate, pharynx, larynx
• Spinal root of accessory nerve injury results in paralysis of SCM
and trapezius muscle
• Hypoglossal nerve injury results in the loss of movements of
tongue; tip of tongue; if protruded goes to the side of paralysis
• Vasomotor changes: The skin with sensory loss is warmer
due to arteriolar dilation. It is also drier due to the absence of
sweating as there is loss of sympathetic activity.
• Trophic changes: Long-standing case of paralysis leads to dry
and scaly skin. The nails crack easily with atrophy of the pulp
of fingers.
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Paralysis of the muscles of the anterior compartment of the leg
due to injury to deep peroneal nerve results in loss of the power
of dorsiflexion of the foot. As a result, the foot is plantar flexed.
The condition is called foot drop. This is usually caused by injury or
disease of the common peroneal nerve due to trauma, leprosy or
peripheral neuritis. Sensory loss is confined to first interdigital cleft.
• Injury to cervical sympathetic trunk produces Horner’s
syndrome. It is characterized by:
 Ptosis—drooping of the upper eyelid
 Miosis—constriction of the pupil
 Anhydrosis—loss of sweating on the side of the face
 Enophthalmos—retraction of the eyeball
 Loss of the ciliospinal reflex—pinching the skin on the nape
of the neck does not produce dilatation of the pupil (which
normally takes place)
• Paralysis of oculomotor nerve results in partial ptosis, dilation
of pupil, loss of accommodation, diploma and lateral squint.
• Paralysis of trochlear nerve results in diplopia on looking
downward.
• In case of injury to ophthalmic nerve, there is loss of “corneal
blink reflex”.
• Injury to maxillary nerve causes loss of “sneeze reflex”.
• Injury to mandibular nerve results in loss of “jaw reflex”.
• Bells’ palsy: Sudden paralysis of facial nerve at the stylomastoid
foramen. Result is asymmetry of corner of mouth, inability
to close the eye, disappearance of nasolabial fold and loss of
wrinkling of skin of forehead on the same side.
• Lesion above the origin of chorda tympani nerve will show
symptoms of Bell’s palsy plus loss of taste from anterior twothirds of tongue except vallate papillae (Fig. 20.42).

1
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Injury to
corticonuclear
fibers

B

Figs 20.42A and B: A. Infranuclear lesion of right facial nerve of
Bell’s palsy; B. Supranuclear lesion of left facial nerve
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Short Questions:
1. Name the arteries supplying primary motor area.
2. Which is the artery of vision?
3. Name the descending tracts of spinal cord.
4. Name the lobes poles and borders of cerebral hemisphere.
Multiple Choice Questions
1. What nerve fiber conveys impulses toward cell body of a neuron?
a. Axon
b. Dendrites
c. Axon collaterals
d. Axon terminals
2. Myelin sheath is produced by:
a. Neuron
b. Axon
c. Dendrite
d. Schwann’s cells/oligodendrocyte
3. The three regions of brainstem are:
a. Cerebrum, diencephalon, midbrain
b. Pons, cerebellum, midbrain
c. Diencephalon, midbrain, cerebrum
d. Midbrain, pons, medulla oblongata
4. Which sequence lists cranial meninges in order from superficial to deep?
a. Pia, arachnoid, dura
b. Dura, pia, arachnoid
c. Dura, arachnoid, pia
d. Arachnoid, dura, pia
5. Which structure produces CSF in each ventricle?
a. Choroid plexus
b. Arachnoid villus
c. Arachnoid granulation
d. Diaphragma sellae
6. How much is the total volume of CSF in ml?
a. 50
b. 100
c. 150
d. 275
7. Regarding spinal cord, the following are true, except:
a. It has cervical and lumbar enlargements
b. It ends in adults at lower border of 3rd lumbar vertebra
c. It is traversed by the central canal
d. It begins at level of foramen magnum as a continuation of medulla oblongata
8. Lateral corticospinal tract terminates at:
a. Clarke’s column
b. Substantia gelatinosa
c. Anterior horn cells of spinal cord
d. Ventroposterolateral nucleus of thalamus
9. The 3 divisions of trigeminal nerve include:
a. Oculomotor, palatine and lingual
b. Ophthalmic, maxillary and mandibular
c. Ophthalmic, palatine and lingual
d. Frontal, maxillary and mandibular
10. Cranial nerve that are mainly sensory of:
a. Optic, vestibulocochlear and vagus
b. Ophthalmic, optic and facial
c. Ophthalmic, optic and vestibulocochlear
d. Optic, olfactory and vestibulocochlear
11. The cranial nerve that arises from both brain as well as spinal cord:
a. Hypoglossal
b. Accessory
c. Vagus
d. Glossopharyngeal
12. Which of the following is the largest cranial nerve?
a. VI
c. XII

b. V
d. VII
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FACTS TO REMEMBER
•• Tongue-shaped villi of different height
•• Diffuse infiltration of lymphocytes in lamina propria
•• No Brunner's glands and no Peyer's patches

Figs 6.26A and B: A. Jejunum; B. Ileum

Fig. 6.27: Histology of mucosa of small intestine

B

FACTS TO REMEMBER
•• A few thin finger-shaped villi with cut sections of the crypts
•• Aggregations of lymphocytes break through muscularis mucosae
•• These aggregations, called Peyer's patches, form typical features
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Normal PA View of the chest

• The nasal bone often gets fractured as the two nasal bones
form the prominence of the nose.
• The nasal septum may be deviated to one or other side, causing
asymmetry in the size of nasal cavity. Picking of the lower part
of nasal septum may cause bleeding from the nose, called the
epistaxis.
• Nasal cavity is prone to common cold. It is caused by the rhinovirus and is a mild, but irritating disease. One is not too ill, but not
too well as well. It takes about one week for cold to be alright.
• The paranasal sinuses are draining into the nasal cavity. The
infection from the nasal cavity reaches the sinuses to cause
sinusitis. Maxillary sinusitis does not heal fully as it is not able
to drain completely. Postural drainage is advised in addition to
other treatment.
• Infection of palatine tonsils is called tonsillitis. Infection
of nasopharyngeal tonsil is called adenoids. The adenoids
obstruct normal passage of air, so the child breathes through
the mouth.

Tracheostomy
Tube is put through an artificial opening made in the trachea.
Foreign body enters commonly in the right bronchus as it is
shorter, wider and in line with the trachea.

Diphtheria
It is caused by the bacteria C. diphtheriae. The membrane formed
in the disease obstructs the air passage and is a serious condition.

Bronchitis
The bacterial infection associated with common cold extends
down into the trachea and the bronchi, causing ‘bronchitis’. It
may be acute or may become chronic. The infection may extend
further down into the lungs causing bronchopneumonia. Bronchi
tis is common in smokers.
Pulmonary tuberculosis x-ray

Pneumonia
Develops due to colonization of the lungs by microorganisms.
It may develop due to impaired coughing, damage to ciliary
epithelium of respiratory tract, pulmonary edema and decreased
resistance to infection.
Lobar pneumonia results from infection of one or more lobes of
lung by Streptococcus pneumoniae. It is treated by antibacterial
drugs.
Bronchopneumonia results from spread of infection from bronchi
to terminal bronchioles and alveoli.

Asthma
This starts as an allergic process with superadded inflammatory
reaction. Person finds expiration rather difficult, due to
bronchospasm (contraction of bronchial muscle) and excessive
secretion of mucus in the bronchial tree.

Cancer of the Lung

Miliary tuberculosis

Cancer of the bronchi is common in active or passive smokers.
In smokers, the cancer of lung is far more common than nonsmokers. The cancer cells may spread to lung tissue, liver, brain
and bones. It is usually fatal.
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Shape

Number of heads

Deltoid (triangular)

Biceps (two
heads)—biceps
brachii: Origin as
(1) Short head
(2) Long head of
biceps brachii with
its belly. Inserted
into radial tuberosity
and bicipital
aponeurosis

Gluteus maximus
Triceps (three
heads)—triceps
brachii

Digastric (two
bellies)—anterior
and posterior bellies
of digastric
Size
Major (big)—
pectoralis major
with cephalic vein
and deltoid. Serratus
anterior seen in
lower part.

Sternocleidomastoid
(from sternum and
clavicle to mastoid
process (1)
Trapezius (2)

Contd...
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HORMONES SECRETED BY FEMALE REPRODUTIVE SYSTEM (FIG. 17.26)

Fig. 17.26: Release of hormone by female reproductive system

Estrogens
Estrogens are compounds consisting of steroid hormones
with cholesterol as its main precursor.
They are of two types: Synthetic and natural.
1.	Synthetic Estrogens: They are benzanthracene compounds and are not sterols. They are effective by mouth
(not destroyed by liver). Important members known in
this group are diethylstilboestrol and hexoestrol. Ethinyl
estradiol is another, synthetic estrogen, which is a modified form of estradiol.
2. Natural Estrogens: They are all sterol derivatives:

17 B estradiol (with –OH at the 17C position): It is
the hormone secreted by the ovary. It is most potent.

Estrone (with –O at the 17C position): It is the
possible circulating hormone.

Estriol (with –OH at the 17C position and additional
OH at the 16C position): It is found in adults.
Sources
zz
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Ovary is the chief source:

From the Graafian follicles: The liquor folliculi and
the follicular epithelium are rich in estrogens. The

zz
zz
zz

zz

zz
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primary source is the theca interna of the follicle.
As the follicle matures estrogen secretion increases
maximum being at the time of ovulation.

The estrogen secreted during the luteal phase of the
cycle is formed by the theca-lutein cells of the corpus
luteum.
Adrenal cortex: Estrogen also secreted from adrenal cortex.
Testes: Small amounts of estrogens have been extracted
from testes, being locally synthesized.
Placenta: The hormone estrogen and estradiol is
synthesized in the placenta from 16-hydroxy DHEA
(dehydroepiandrosterone) and DHEA.
Transport: About 97% of estrogens circulates in bound
form out of which 60% is with albumin and 37% is bound
to gonadal steroid binding globulin.
Daily secretion: Females: It varies between 3.5 and 500
mg/day and its level before ovulation is between 150 and
5000 mg/day and in between luteal phase it averages to
200-250 mg/day. In males: Nearly 50 mg/day is secreted
of estrogen.

Textbook of Anatomy and Physiology for Nurses
TABLE 15.2: Arrangement of muscle fibers
Parallel Fasciculi

Oblique Fasciculi

Quadrilateral (thyrohyoid)

Unipennate, e.g. palmar
interossei

Strap-like, e.g. sartorius

Unipennate

Bipennate, e.g. rectus
femoris

Strap-like with tendinous
intersections (rectus
abdominis)
Bipennate
Multipennate, e.g.
Deltoid-acromial fibers

Fusiform (biceps brachii) The range of movement in
such muscles is maximum

Multipennate
Twisted Fasciculi
Cruciate: Fasciculi are
crossed.

Oblique Fasciculi

Cruciate

Triangular, e.g. temporalis

Spiral: Twisted fibers are
found in trapezius, etc.

Spiral

4

Contd...
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The three tubes are arranged so that one is situated in each
of the three planes of space. They are continuous with the
vestibule. They also play an important role in balancing the
body.

HEARING
Sound produces vibrations or sound waves in the ear. The
auricle concentrates the waves in animals and directs them
along external auditory meatus causing tympanic membrane
to vibrate. Vibrations of tympanic membrane are transmitted
and amplified through middle ear by movement of ear
ossicles. Movement of foot plate of stapes in oval window
sets up fluid waves in perilymph of scala vestibuli. Most of
the pressure is transmitted into cochlear duct, which causes
corresponding waves in endolymph. It results in vibration of
basilar membrane and stimulation of auditory receptors in

Fig. 12.32. Mechanism of hearing
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Semicircular Canals

hair cells of spiral organ. Nerve impulses pass to the brain in
the auditory branch of VIII cranial nerve.
The auditory nerve and cochlea subserve the function of
hearing appreciated in the temporal lobe of brain (Fig. 12.32).

Balance of Human Body/Vestibular Pathway

1

The human balance system involves a complex set of
sensorimotor-control systems. Impaired balance can be
accompanied by other symptoms, like vertigo, vision problems,
dizziness, fatigue, nausea, and difficulty in concentration. The
human balance system is extraordinarily complex, and it poses
challenges in diagnosing and treating the underlying cause
of imbalance. There is intricate integration of information
obtained from the visual, vestibular, and proprioceptive
systems. This means that disorders affecting any one of these
individual systems can affect and disrupt a person’s normal
sense of balance. As an example, if the vestibular dysfunction
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Fig. 4.4: Bony landmarks in front of neck and deeper structure

Fig. 4.5: Norma occipitalis

zz
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important structures that run through the neck. Triangles
are further subdivided into smaller triangles. Anterior
triangle lies anterior to the sternocleidomastoid muscle
and inferior to the mandible. It is subdivided into four
smaller triangles—the submental, digastric, carotid, and
muscular triangles (Fig. 4.7).
Submental triangle: It is most superiorly placed of the
four triangles the subdivisions of the anterior triangle. It
lies inferior to the chin in the midline of the neck and

zz
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is partially bounded by the anterior belly of the digastric
muscle. It contains some cervical lymph nodes and tiny
veins. During illness these lymph nodes enlarge and
become tender. Palpation can determine if an infection
is present.
Submandibular digastric triangle: It lies inferior to
the mandible and lateral to the submental triangle. It is
bounded by the mandible and the bellies of the digastric
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Nursing Implication and Application
● 
Relation of nerves, arteries and veins to bones has been learnt in this chapter. It is implied that ulnar nerve is
related to posterior aspect of medial epicondyle of humerus. In injury to medial epicondyle, the surgeon should first
see the ulnar nerve. If it is injured, it has to be treated first before the fracture treatment is undertaken.
● 
Veins on dorsum of hand, in cubital fossa, in relation to medial malleolus of tibia are used for intravenous
transfusions, etc.

Applied Aspects
Ulnar nerve lies behind medial epicondyle of humerus. In injury to the bone ulnar nerve may be damaged. This nerve must be treated
before the treatment of fracture.
Radial nerve lies behind the shaft of humerus. In injury to bone the nerve may be damaged. Axillary nerve lies in relation to surgical
neck of humerus. Injury to neck may damage the nerve with paralysis of important deltoid muscle.
For proper muscle development and maintenance, there should be enough proteins in the diet.
Median cubital vein in cubital fossa and veins on the back of wrist are used for taking samples of blood or for giving intravenous
fluids/blood.
Proper balanced diet must be taken for good health and immunity of the body.
Deep breathing exercises should be done for proper ventilation of the lungs.
Enough fluids/water should be taken so that chances of renal/ureteric stones get minimized. Contraceptives should be used for
proper spacing of the children.
Nervous system should be taken care of by all means. We exist because of nervous system.
Nerves in intimate contact with bones must be learnt well. Fracture of the bones in area may involve or tear the nerve. Nerve should
be taken care of/treated before plaster is applied.
Arteries are mostly deep. Some of them are superficial and palpable. Brachial artery is used for measuring blood pressure. Radial
artery is used for counting pulse. Carotid artery pulsation is used by anesthetists for checking the pulse while the patient is being
operated. Veins are used for taking samples of blood or for transfusing saline, blood, etc.
These veins are present in the region of cubital fossa, at the wrist, and near medial malleolus of tibia.
Femur
Secondary center of ossification of lower end of femur in 9th month of intrauterine life is used for medicolegal cases to prove if the
infant was viable.

EFFECTS OF AGEING

 s we age, cellular repair and cell division to replace old cells become slower, causing delay in wound healing thereby leading to
 A
cellular deterioration and death.
 Collagen fibers become structurally irregular, and thus become more fragile. Elastic fibers thicken, muscle cells fragment and
neurons decrease with age, causing loss in memory and decreased muscle contraction in the elderly.
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