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through inculcation of logical thinking in learners, and to develop higher order thinking
processes by systematically building the foundation of learning from the previous grades. A
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methods introduced. This approach was devised with the intent of enabling students to solve
daily life problems as they grow up in the learning curve and also to fully grasp the
conceptual basis that will be built in subsequent grades.
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UTILITY OR PBACIHCAL A

Digestive system Pe d1gestive system has several practical applications in daily life that
directl ealth energy levels, and over all wellbeing. It includes: energy for
physu:éJ Mntal activity, healthy eating habits, weight management, hydration, stress
management, probiotics (like yogurt etc.) and gut health, preventing digestive disorders,
healthy aging. The digestive system is important for converting the food we eat into the
nutrients and energy needed for everyday task.

Circulatory system: The circulatory system plays a crucial role in our daily lives by supporting
various physiological processes essential for health and survival. The practical applications
include: oxygen transport, nutrient delivery, waste removal, body temperature regulation,
immune response, wound healing, hormonal distribution. The circulatory system is
fundamental to keeping us alive and enabling our bodies to adapt to different conditions and
needs throughout the day.

Respiratory system: The respiratory system plays a vital role in daily life, as it is responsible
for gas exchange, ensuring that oxygen enters the body and carbon dioxide is expelled. Here
are some practical applications of respiratory system in daily life. These include: breathing

for energy, physical exercise, speaking and singing, managing stress, sense of maintain
blood pH, immune defense. These everyday functions highli le of the
respiratory system in keeping the body functio pr: %

. Urinary system: The urinary syste lay@a )vx‘ Eﬁ‘ omeostasis and overall

health in our daily liv ome ons are: waste elimination, water
balance, electrolyte eml{l gulatlon, pH balance, detoxification and
vitamin D actlva he urinary systems continuous filtering and balancing

functlmeii\} 8 Keeping the body in optimal working condition and preventing issues
liked tion, kidney stones or electrolyte imbalance.

. Nervous system: The nervous system is critical in regulating and coordinating nearly all bodily

functions, enabling us to interact with and respond to our environment. Some of the practical
applications of the nervous system in daily life are: reflexes and quick reactions, coordination
of movement, learning and memory, sensory perception, communication, emotional
regulation, automatic bodily function, focus and attention, sleep regulation. The nervous
system is central to almost every action and experience in daily life, from basic survival
reflexes to complex emotional response and intellectual activities.

. Endocrine System: The main function of the endocrine system is to release hormones into the

blood while continuously monitoring the levels. The hormones affect nearly all aspects of
health; directly or indirectly. Some examples are metabolism, homeostasis, growth and
development, reproduction, sleep-wake cycle, and mood etc.

. Skeletal System: The skeletal system is the body's support structure. It gives the body its

shape, allows movement, makes blood cells, provides protection for the organs and stores
minerals. S8\
. Thermoregulation: It ensures your body stays at the nght tergperam{ekpreﬁéntmg you from
getting too cold or too hot.

Homeostasis: It is highly deveIOpéa i wafnvblooded amm ls hvmg on land, which must
maintain body temperat]ure,,ﬂm&bala CQé phaﬁd oxygen w1thm rather narrow limits.
Immunity: Your body has' three lmes of defence against germ attack. First line keeps them out
of your bod lme ﬁorhbats all invading microbes while third line conquers infections.
Antib ﬁt{f&ﬁ resistance against future infections. Allergies, autoimmune disorders and
transplant rejections are defective immune responses.




10. Biotechnology: Studymg blotechnolo "\s'rmpprtant in many ways Biotechnology is rapidly
growing field in biotogy that offers numerous career in life including research,
pharmaceut1 E ,\\]agnc‘ulture, environmental management and bioengineering.
Biotech OIIQEYIK advancements in healthcare, help in development of new drugs, vaccines and
dlagnosﬁé tools. It plays a key role in treating diseases like cancer, genetic disorders and infections
through personalized medicine and gene therapy. Biotechnology play a role in agricultural Improvement
by developing genetically modified crops that increase crop yield and are pests, diseases and
environmental stress resistant varieties. Biotechnology help to solve environmental issues by
bioremediation like pollution, waste management and the conservation of biodiversity.

11, Biostatics and data analysis: Studying biostatistics is important for several reasons, especially in
health and life sciences: Biostatistics is used in data analysis for medical and researchers. It plays a key
role in clinical trials and epidemiological studies. It is highly important in the field of public health by
tracking disease outbreaks, understanding health trends public health awareness. Scientific Researchin
biological and medical fields used biostatistics to design experiments, manage data and interpret
results. It is also important for risk assessment and factors for diseases, identifying correlations
between health behaviors prediction of future health risks.

12. Structural biology and computational biology: Structural and computational biology are emerging
fields of biology. These include advanced studies and complex techmques):ut they Bfgﬁd\e”hbpe for the
treatment of cancer, AIDS, Alzheimer’s and genetic dlseases Sc;en :,f qf;;F(re wo(d{dadd their findings on
online platforms like PDB so that everypne €an /:Ee\ly’accqsi th andattain seemingly impossible
achievements. - ‘-\ 70\ ( \) W VAL U

13. Climate change: The c@cept?t\aught\ <I~g15)cha1§ifer about climate change, its impacts on ocean
ecosystems, and spe extlhctmn\ have pract1cal applications that can directly influence daily life. By
understa g te change affects ocean temperatures, acidification, and biodiversity,
1ndw1d qug couraged to make eco-friendly choices, such as reducing their carbon footprint, using
energy-efficient appliances, and opting for sustainable transportation. Awareness of the vulnerability
of marine species can guide people to support sustainable seafood choices and marine conservation
efforts, such as participating in beach clean-ups and supporting conservation organizations.

Knowledge about ocean acidification and the role of carbon dioxide absorption can drive personal
actions like supporting reforestation and using renewable energy sources. People can also contribute to
reducing climate impacts by supporting renewable energy projects, minimizing plastic use to protect
marine life, and engaging in local efforts to conserve wetlands and native habitats. Educating others,
especially the younger generation, about the impacts of climate change helps build a community that
prioritizes sustainability and conservation.

By understanding these changes, communities can also adapt better to extreme weather events, shifting
their agricultural practices to more climate-resilient methods and preparing urban infrastructure for
changing conditions. Through these actions, individuals can play a vital role in both mitigating climate
change and adapting to its effects, ultimately helping to preserve biodiversity and mamtam the health
of ecosystems. _ 0N

14. Selected Topics:Understanding biological warfare is 1mpgrtanb\bécagse eretps us prepare for
potential threats to public health, like those seen /m the past Wlth p\agUe\aﬁd anthrax attacks. Practical
biodefense measures, such as traqklng ’d1sease ougbr;eaks and! -developing vaccines, can help
communities respond qlﬁzkly tn(any blolog}cal thréats. By learning about these strategies, we can
create safer enwronmr.:nts and wark together to protect ourselves and our neighbors from possible
attacks. '\] NN

15. Pharmas‘.L gical Drugs: Use of these drugs helps bridge the gap between theoretical knowledge about
medicines and its practical application to patients. (Authors)
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BIGESTIVE SYSTEM OF MAN

g \ .
Students' learning outcomes

After studying this chapter, students will be able to:

1.
2.
3.

9.

[B-12-R-24] Describe the mechanical and chemical digestion in the oral cavity.

[B-12-R-25] Explain swallowing and peristalsis.

[B-12-R-26] lllustrate with a diagram the structure of the stomach and relate each component
with mechanical and chemical digestion in the stomach.

[B-12-R-27] Identify the role of the nervous system and gastrin hormone on the secretion of
gastric juice.

[ B-12-R-28] Describe major actions carried out on food in the three regions of small intestine.

[B-12-R-29] Trace the absorption of digested products from the small intestine lumen to the
blood capillaries and lacteals of the villi,

[B-12-R-30] Describe the component parts of the large intestine with their respp.ctwe roles

[B-12-R-31] Correlate the involuntary reflex for egestion in mfants and the voluntary control in
adults. \ WV [ (¢

[B-12-R-32] Explain the storage and metabollc rOl ' of\we ) L

'. \, | Ny ;/*-‘

10. [B-12-R-33] Describe tl‘le compgsition of\btl\e and relate the constituents with respective roles.
11. [B-12-R-34] Outline the, structure of pancreas and explain its function as an exocrine gland.
12. [B- 12 R 351 thd 's&:retmn of bile and pancreatic juice with the secretin of hormone.

1
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Our body needs nutnents@rom the b&d wee it in order to stay healthy and function properly.
Nutrients include ca\r ygnétés,\ p%ofelns, fats, vitamins, minerals and water. The digestive
system br; a 'IQNJ absorbs nutrients to use for important activities like energy, growth and
repairing l

Anatomically and functionally the digestive system can be divided into a tubular gastrointestinal
tract (GIT) and accessory digestive organs. The organs of Gl tract are oral cavity, pharynx,
esophagus, stomach, small intestine and large intestine. The accessory digestive organs are the
teeth, tongue, salivary glands, liver, gall bladder and pancreas.

The GIT is a continuous tube from mouth to the anus. It is specialized at various points along its
length, with each region designed to carry out different role. GIT is approximately 9 m (30 ft.)
long. It passes across the thoracic cavity and enters the abdominal cavity at the level of
diaphragm.

The digestive tube consists of four major layers: an internal mucosa and an external serosa with a
submucosa and muscularis in between. These four layers are present in all areas of the digestive

tract from esophagus to the anus. :

isgue Iayer

Peritoneum

Myenteric plaxus
Submucosal Plexus

Intramural plexus

[ Satmacons

Gland in submucosa

Duct from gland

Mucosa |

" Mucous sepithelium

N & Il > < " Lamina propria
" /\ - T ‘ ' " Muscularis mucosae
| 4 ’ Muscularis ] ‘ Lymph nodule
| 1+ Circular muscle layer
4 :_ongiludinal muscle B \_\/{_\\ G\
= S\ (C /Q) Lo

Y ? : \ﬂ =
Fig. 1.1: Hxsto%nglcaUayf?s of }‘He gl c%t\: t tQ/‘

\\\r\ (\ \ \1 @A‘— \V\/ﬁ-\\Y

The oral cavity is \m ded thh‘e) leS Eheeks a tongue and a palate and includes a chamber
between fstm‘m (‘Eongue called oral cavity. The tongue has rough projections called
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papillae on the surface of%e 5%:1/ S s‘é%sctmn useful in handling the food. The papillae also
contain taste buds. T ‘pala rms the roof of the oral cavity. Different teeth are adapted to

handle food. i - There are three pairs of salivary glands. These glands secrete
saliva having 5 iva. In the oral cav1ty mechanical and chemical digestion takes place.

{ Bitter.
§ " Sour Sour
|
‘ ~ Umani
Parotid ¥
gland W Salt . Salt
Sublingual Submandibular A % '
gland gland ‘«a@‘hk Sweet

Mechanical digestion is the

mass of food into small and
through chewin e cellulose of
starch coveri i es the efficiency of the
digestive ess. Food taken into the mouth is
chewed or masticated by the teeth. Mastication
breaks large food particles into smaller ones,
which have a much larger surface total surface
area for the action of digestive enzymes.

Fig. 1.2: H livary gland Fig. 1,37 Hum @m
ig uman salivary glands i ?T( no@ ap
Mechanical digestion i\ @@

Salivary glands

Esophagus

) ) . Liver
Chemical digestion Stomach

Chemical digestion in the oral cavity is minor. The
two enzymes secreted in the oral cavity are
salivary amylase and lingual lipase. The watery
part of saliva contains the digestive enzyme called
salivary amylase (ptyalin, or alpha-amylase). Gall bladder
Salivary amylase is chemically identical to
pancreatic amylase and digests starch. It breaks

the covalent bonds between glucose moleculesin  Small
starch and other polysaccharides to produce intestine
maltose, maltotriose, (maltotriose is a
trisaccharide consisting of three gl cose\/\ W
molecules linked with a-1,4 glycomdl(:«bon

isomaltose (isomaltose is gfsacch ekm‘l w \ Aéﬁ\)endl

Pancreas

Large
intestine

maltose, but with a a-(1-

Rectum Anus

a-(1-4)- llnkage ). _ o
tnglycen WD&{ ctl} orm diacylglycerols Fig. 1.4: Human digestive system
o s

and monoa\

I\pasé \fhyd rolyzes
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1.@@\ ALLE w{ﬂ}s AND PERISTALSIS

PharanwW—& ' mouth.

Swallo chanism

The act of swallowing involves a set of reflexes. It can be divided into three phases.

Bolus

Soft palate

Soft palate closed

_Epiglottis

closes the

Upper esophageal
sphincter (UES) opsned

. LY Sy
Phase 1: Oral Phase O Fm.@ @@QW

This process is the onlywolun of swallowing. Food is moistened with saliva and food bolus
is formed.T hes the bolus to the back of the throat. It starts with li p closure.

Phase 2: Pharyngeal Phase

Upper esophageal —_ \ N
sphincter (UES) closed

Starts with stimulation of tactile receptors in the pharynx, swallow reflexes are initiated. Soft
palate lifts to cut off nasal airways. Bolus moves over back tongue and the tongue blocks the oral
cavity to prevent the food going to the oral cavity. Epiglottis is pushed backward over larynx.
Larynx and vocal folds contract covering the entry of the trachea to protect airways, respiration
temporary arrested. Upper esophageal sphincter opens to allow passages to the esophagus.

Phase 3: Esophageal Phase

Food bolus is propelled down the esophagus by peristalsis. The larynx moves down back to the
original position.

4 ™
Anti-peristalsis is the
wave-like muscle

Peristalsis

Peristalsis is a wave-like muscular contraction that propels food

and fluids through the digestive tract and other tubular organs.
It's an involuntary, rhythmic process that moves contents alongi

an anterograde (forward) direction, startingfro \ﬂl Q‘% Qghs
o ) . ; \ U3
and continuing through the intestines ai:'t (ek syst

h
ms., )\

contractions i tf e
digesti t
F/ @(V ts backward

j instead of the usual
forward direction. This

Functions of Peristal m\k\\ J is typically associated
/l{ﬁ and fluids through the with vomiting reflex.

Propulsion: Perista
digestive%ﬂj@h

ing digestion and absorption.

10

\.
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Mixing: In the stomach anﬂ smﬁﬁ\mtesun\ekbénstﬁlms helps mix the food with digestive juices
and exposes it to th tive s;lrfaces

Waste Re Fgé intestine, peristalsis drives waste products towards the rectum for
el1m1natlcﬁ

Other Systems Peristalsis also occurs in other tubular organs like the urinary tract (moving urine
from the kidneys to the bladder} and bile ducts (moving bile from the gallbladder to the
duodenum).

Mechanism of Peristalsis

Muscle Contractions: Peristalsis involves the contracticn of
circular and longitudinal muscles in the walls of the
digestive tract and other tubes.

Wave-like Movement: These contractions create a wave-
like motion that pushes the contents along.

Involuntary: The process is controlled by the nervous
system, particularly the myenteric plexus in the digestive

The myenteric plexus lies in
between the outer longitudinal
and inner circular smooth
muscle layers of the intestines.
By stimulating these muscles, it
controls motility along the
gastroi ntestinal tract

tract.
Examples of Peristalsis @U\)U -
o)
Swallowing: When you swallow, the Jnt in a peristaltic wave to
move the food bolus down sto
Digestion: In the small i o es the dlgested food (chyme) along, allowing
nutrients to be abs
Waste Re <lhrge intestine, peristaltic waves push waste products towards the
rectum, t ey are eliminated as stool.
Digestive tract Bolus
© Wave of
\Hrelaxatlon
@ A wave of smooth muscle relaxation -~
moves ahead of the bolus, allowing )
the digestive tract to expand. !
=
. \_/ =
€ Awave of contraction of the smooth h
muscle behind the bolus propels it . Bolus
through the digestive tract. T ¢ moves
— T A
@ wave of
contraction
Fig. 1.6: Peristalsis Y\
_c N\ ~ON LY
1.3 ESOPHAGUS AND S K, \ (O

Here we will discuss the structure of esthagu§ and‘ stgmadht
of stomach with mecham@l ancbctfen\ickﬁxgés@m\ -

Esophagus \ \
The esopQgﬂJA\t;w\eg\ophagus is located in the center of the chest in an area called the

L__,w1ll relate each component

1)
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mediastinum. It lies behm?d trachea and m\f}ont of the vertebral column. It is about 25¢cm long.

At the opemng Qf \SN beresophagus there s aring-shaped muscle called the upper esophageal
sphincter;. j J seH /hen food or liquid is coming towards it. When it gets the signal, the
sphincter relaxes or opens so that food can enter esophagus. When there is no food or liquid in
sight, it stays closed. The esophagus passes through diaphragm and connects to the stomach.

Once inside the esophagus, peristalsis pushes the food downward and reaches the lower
esophagus.

At the opening of the lower esophagus,
there's another ring-shaped muscle called
the lower esophageal sphincter (LES).
Like the upper esophageal sphincter (UES),
it senses when food and liquid are coming.
It relaxes and lets the food pass through to
the stomach. When no food or liquid is
coming its way, it usually stays shut to
prevent stomach acid and digestive juices
from getting into the esophagus.

As esophagus is a passage way SO ho
digestion takes place here. -\ Q

) \ /fr\(y\
Stomach O‘ \ J«{;\\ V \\ 9_3

Anatomical Structure \ \ \
Divisions oft’Jd\e\jtq@% ) i'he stomach has four main anatomical divisions; the cardia, fundus,

body and b\@

a.Cardia: It surrounds the Esophagus Fundus
superior opening of the
stomach.

J / j Body
b.Fundus: It is the rounded, often
gas filled portion superior to and ’ X
left of the cardia. Cardia \|
Y
\

c.Body: It is the large central
portion inferior to the fundus.
d.Pylorus: This area connects the Pylorus

Fig. 1.7: Esophagus

|
stomach to the duodenum. It is  Duodenum \ L““’“’“’“‘y
divided into the pyloric antrum, < -
pyloric canal and pyloric . ' :
sphincter. . o ~ Greater curvature
e.Pyloric antrum: It is the lower o ) / =T SN XW\
or distal portion above the e \,Q'_‘ﬁ/.’ @\ L
duodenum. The opening _ O PV"’“‘"‘““"“”‘ \ [ (C30=

between the stomach and the A\
small intestine is the py(orus, a :,‘ RN
and the very power sphinCten which regulates the passage of chyme into the ducdenum, is

called the P(lfmlp\\d phincter.

\ ) Flg 1,8“ Dwmbn of the stomach

12)
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Greater and Lesser Curva

The medial and la the stomach are curved, forming the lesser and greater
curvatur

a. Greate ture: It forms the long, convex, lateral border of the stomach. Arising at the

cardiac notch, it arches backwards and passes inferiorly to the left. It curves to the right as it
continues medially to reach the pyloric antrum.
b. Lesser curvature: It forms the shorter, concave, medial surface of the stomach.

Cardiac sphincter
(U
Esophagus
Body
Cardiac opening s
Serosa

Cardiac ragion

Longitudinal muscle
layer

Circular muscle layer

Muscularis

Pyloric r
sphincter @
Pyloric
opening
Pyloric
region \
.\
Ducdenum ‘
)
Fi : Cutaway section of the stomach reveals muscular layers and internal anatomy
Parietal cell
— Surface L
mucous cell — Gastric pit
Mucosa
— Gastric gland
Chief cell
Submucosa — A
Obllque layer ~ ——
Muscularis —| Circular layer —.“' @
Longitudinal
_layer
Serosa

Fig. 1.10: ig@(& ach wall that illustrates its histology, including several
gastric pits and glands
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There are four distinct laYerS 1rr the Stoﬁﬁch waﬂ The serosa is the outer most layer of the
stomach. The muscularhs of\ the stemach consists of three layers: an outer longitudinal muscle
layer, a m\ﬁlt;lq@ dl,rtl:hl ’fmuscle layer and an inner oblique muscle layer. The next two layers are
submucosa-and mucosa. The stomach is lined with simple columnar epithelium. The mucosal
surface forms numerous tube like gastric pits, which are the openings for the gastric glands. The
epithelial cells of stomach can be divided into four main types. The first type is surface mucous
cells, which produce mucus, is on the surface and lines the gastric pit. The remaining three arein
the gastric gland. They are: (1) Parietal (oxyntic) cells produce hydrochloric acid and intrinsic
factors (2) Chief (zymogenic) cells secrete pepsinogen (3) Endocrine cells secrete the hormone
gastrin into the blood.

Functions of stomach

Digestion in the stomach can be divided into two types: mechanical digestion and chemical
digestion.

Mechanical digestion: The mixing action of the stomach walls allows mechanical d1gest10n to
occur in the stomach. The smooth muscles of the stomach produce contract,lomf’knéwn \as mixing
waves. This is made more efficient by the fact thatunllke oth/er\ dn/of theaﬁmentary canal the
stomach has three layers of smooth muscles i’he ;:hprm;\g actwn f the stomach or mixing waves
mix the boluses of food wtthjgagtncqmce T\ls mtgmgtéads to the production of the thick liquid
known as chyme. ‘ AU \\

Chemical- ﬁh\gtomach secretlons include mucus, hydrochloric acid, gastrin, intrinsic
factor and\‘:ﬁpsmogen The mucous cells secrete viscous and alkaline mucus. The thick layer of
mucous lubricates and protects the epithelial cells of the stomach wall from the damaging effect
of the acidic chyme and pepsin. Parietal cells in the gastric glands of the pyloric region secrete
intrinsic factor and a concentrated solution of hydrochloric acid. Intrinsic factor is a glycoprotein
that binds with vitamin B12 and makes the vitamin more readily absorbed in the ileum.

Hydrochloric acid produces the low pH of the stomach, which is normally between 1 and 3, but is
usually close to 2. Although the hydrochloric acid secreted into the stomach has a minor digestive
effect on digested food, one of its main functions is to kill bacteria that are ingested with
essentially everything humans put into their mouths. The low pH of the stomach also stops
carbohydrate digestion by inactivating salivary amylase. The low pH also denatures many
proteins so that proteolytic enzymes can reach internal peptide bonds, and it provides the proper
pH environment for the function of pepsin.

~a\

Chief cells within the gastric glands secrete inactive pep;mog@n Pepsu@ogen‘ls packaged in
zymogen granules, which are released by équytoms when pepsmogeri secretion is stimulated.

Once pepsinogen enters the tumen of. the stomach ), 1t isconvertedto pepsin by hydrochloric acid
and previously formed pepéln motecules Pebsm exhibits optimum enzymatic activity at a pH of 3
or less. Pepsin cat lyfqﬁ the cleavage of some covalent bonds in proteins, breaking them into

smaller pe%wﬁ\éh ins. -

14)
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1.4 ROLE OF THE NERVOUSSYSTEM AND GASTRIN HORMONE ON
= \“ \j.\\'II'HE SECRETION OF GASTRIC JUICE

Approx1ma‘ﬁé[U 2.3 litres of gastric juice are produced each day. Both nervous and hormonal
mechanisms regulate gastric secretions. Hormones that regulate stomach secretions include
gastrin, secretin, gastric inhibitory polypeptide, and cholecystokinin.

The sensations of the taste and smell of food, stimulation of tactile receptors during the process
of chewing and swallowing, and pleasant thoughts of food stimulate centres within the medulla
that influences gastric secretion. Neuronal stimulation of the stomach mucosa results in the
secretion of acetylcholine, which stimulates the secretory activity of both the parietal and chief
cells and stimulates the secretion of gastrin from endocrine cells. Gastrin is released into the
circulation and travels to the parietal cells, where it stimulates additional gastric juice secretion.

The greatest volume of gastric secretions is initiated by the presence of food in the stomach. The
primary stimuli are distention of the stomach and the presence of amino acids and peptides in the
stomach. Peristaltic waves occur less frequently, are significantly more powerful man mixing
waves, and force the chyme near the periphery of the stomach towamH(le py;ar{qsph\ncter The
pyloric sphincter usually remains partially closed because\ of\ mﬁ@tonu%ﬁ:&ﬁtractmn Each
peristaltic contraction is sufficiently st;ang @fqrf:e\a smz\l{ am::hmt; 'of chyme through the pyloric
opening and into the duodgnu . /f\\"-. \/, \ \ ) \\

A 5§MA L INTESTINE

The small W%\a&tﬁﬁhe digestive system. When food leaves stomach, it enters the small
intesti ne small intestine connects to the large intestine. The intestines are responsible for
breaking food down, absorbing its nutrients and solidifying the waste. The small intestine is the
longest part of the Gl tract, and it is where most of the digestion takes place.

The small intestine consists of three parts: the duodenum, the jejunum and the ileum. The entire
small intestine is about 6 m long.

Duodenum

The duodenum is the first part of the small intestine. It extends from the pyloric sphincter of the
stomach. It is a short structure ranging from 20-25 cm (8-10 inch) in length, and shaped like a"C".
It surrounds the head of the pancreas.

Pancreatic juice: The secretion of pancreas is called pancreatic juice. It is poured through the
pancreatic duct. Pancreatic juice is slightly alkaline. Its pH is about 8. It neutralizes the acidic
action of digestive enzymes secreted by the stomach. The important enzymes are (a) Pancreatic
amylase (b) Pancreatic lipase (c) Trypsinogen (4) Chymotrypsinogen. . \

Pancreatic amylase: It is the starch digesting enzyme J.t hydrolyﬁe$ the po”tysacchandes to
maltose and even to glucose. n Q-

Pancreatic lipase: It is thepri napal enzym for thehyﬂrolyms of fats It hydrolyses fats to neutral
fat in parts to its (i) mono and‘dlglycerols (dlglycerldes) (ii) glycerol (iii) fatty acids.

NI

H\"i\“\J'\
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Duodenum

Stomach

Jejunum
Ascending

colon

|

=

Caecum ; '
Mesentery /

Appendlx

o
=

Two lmptﬁw@mf precursors are found in pancreatic juice. They are trypsinogen and
chymotrypsinogen. Both are the inactive forms.

Trypsinogen: The intestinal glands secrete an activator enzyme called enterokinase. The
enterokinase converts trypsinogen into trypsin. Trypsin then activates more trypsinogen. The
trypsin is the active form, which acts on proteins and converts them into polypeptides.

=

Chymotrypsinogen: The inactive chymotrypsinogen is converted to active form chymotrypsin by
trypsin.

Bile: Bile is manufactured in liver but h
stored in gall bladder. Bile emulsifies fat SCIENCE TITBITS
causing them to breakdown into
numerous small droplets called
emulsion. Emulsification provides
relative large surface area of lipid for the
action of lipase enzyme and hence speed

Mucus is secreted in large amount by duodenal

glands, intestinal glands, and goblet cells. The

mucus provides the wall of intestine with

protection against the irritating effects of acidic

chyme and against the digestive e Jyl(&es that
v

up the digestion of fats and oils. kenter the dUOdenum fromthe p@f@}{

>
ﬂ —
Jejunum and ileum o \ \ \X
Jejunum is about 2.5 m tmp (lre&n( m long. Here the digestion of protein
Th lnlng of the jejunum and ileum secrete several

carbohydrates and fats IS\ S? et)ed
enzymes.

. Aminwy\tlphts polypeptides into dipetides.
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Erepsin: It splits pep&%les\ nta aPmﬁp\a%d 3 -~
Lactase: It con laqcthe to'glucose and galactose
Maltas eﬂw erf\:sﬂ mattose to glucose.
Sucr% nverts sucrose to glucose and fructose.
Pancreatic lipase: It completes the digestion of fats into fatty acids and glycerol.
Chyle: By the action of enzymes, chyme is turned into a watery emulsion called chyle.

1.6 ABSORPTION OF DIGESTION PRODUCTS

The ileum is the major site of nutrient absorption. Tiny finger like projections of the mucosa form
numerous villi, which are 0.5-1.5 mm in length. Each villus is covered by simple columnar
epithelium. It contains a blood capillary network and a lymph capillary called a lacteal. The
structural features increase the surface area of small intestine and make it the largest part of the
alimentary canal. The internal walls are folded to increase surface area for absorption. Villi and
microvilli further increase surface area for absorption. To reach the blood or lymph a nutrient
molecule must pass through an epithelial cell of the intestinal lining and through a cell lining the

blood capillaries or lymph vessel.
Simple columnar e?t\j@ @ m

Api rynetwork

Villus —

Lymph  WEg 3P === - Microvilli of
vessel ‘V—:.-- % \ Epithelial cell

o X
iy o2 Surface
e R = -
RS e -
o E \
Par = o “n
o B f"- =
Lymph
vessel Transmission electron
micrograph of microvilli
‘ Arteriole on the surface a villus.
~—— Venule

Fig. 1.12: Structure of villus

Absorption of carbohydrates - ~

Absorption occurs by a combination of SCIENCE TITBITS

simple diffusion and active transport. Lipoproteins are referred to as high orLow-densrty
The monosaccharides are transferred by | lipoproteins. A lipoprotein with-high) l{pldcontent
facilitated diffusion to the capillaries of as aVerykew*cfe \V ég\whﬁeasa lipoprotein
intestinal villi and are carried by thq tfrhlgh pr‘Qtélm ntent has a relatively high
hepatic portal system to f@e l\vePWh\ere \ﬂéhg‘lfy J(HﬂL) Chylom1crons, which are made up
non-glucose sugars are cdnvgrted‘ to. “of 99% lipid and only 1% protein, have an
glucose. Glucose&rﬁ@p{lthe cell-through | extremely very low density.

faci lltatec@

. >
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Absorption of leIdS SCIENCE TITBITS

Lipids are dlgeste mtd)| fatty-ac:lds and The appendix contains a small amount of mucus
glycerol. Afﬁléhsl émi and fatty acidare | associated lymphoid tissue which gives the
absorbed by “epithelial cells, they are appendix an undetermined role in immunity.
recombined into fats within these cells. | However, the appendix is known to be important in
The fats are then mixed with cholesterol | foetal or fetal life as it contains endocrine cells
and proteins, forming small globules | that release biogenic amines and peptide
called chylomicrons, most of which are | hormones important for homeostasis for during
transported by exocytosis out of | early growth and development. Appendicitis is an
epithelial cells into lacteals. Lymph | jnammation of the vermiform appendix and
containing chylomicrons, eventually | a1y occurs because of obstruction of the

drains from the lymphatic system into i . g
: ppendix. The removal of appendix is called
large veins that return blood to the appendectomy.

heart. \. J
Absorption of protein

Individual amino acids are absorbed in epithelial cells of villi and enter in the hepatic portal
system, which transports them to the liver. The amino acids may be modiﬁed Tn the liver or
released into the bloodstream and distributed throughout the ed 'aéost an(nqat‘lds are used as
building blocks to form new proteins, but sor@ ami noacids ma;?%e me&“jof energy

1;{ LAKGE mTESTINE L

The junction between lleum and intéﬁtme Transverse colon

is lleocecal n\ guarded by

IIeoceca \\ Ih ter. The caecum or y

cecum whlch is the proximal end of the ‘ -

large intestine, is where the large and e

small intestines meet. Attached to the agcending

caecum is a small blind tube about 9 cm colon

long called the vermiform appendix. The Sigmoid colon

walls of the appendix contain many lymph Cascum \
X

Descending
colon

nodules. The colon is about 1.5 m long Appendi ' j > &
and consists of four parts: the ascending '

colon, transverse colon, descending Rectum
colon, and sigmoid colon. The rectum is

a straight, muscular tube that begins at Anus

the termination of the sigmoid colon and Fig. 1.13: Large intestine

ends at the anus guarded by sphincter.

Functions of large intestine A

The large intestine performs several importantfunctions: \lmalgr funchons of the large
intestine are: (a) Absorbing water and electr(olytes (b) Absorptlon of’ vitamins {c) Reducing acidity
and protecting from infections. oy

Absorbing water and elettrolytés\ Further\djgestion or breakmg down of nutrients does not take
place in the large 1ntest}ne‘. The prox1 imathalf of the large intestine functions to reabsorb some of
the water an ytes 'making the stool solid. The substances that remain in the tube
becomes faq&ésx léh is stored for a time in the distal portion {rectum) of the large intestine.
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Absorption of vitamins: Tﬁe large 1ntest1 n\e}{so helps in absorption of vitamins made by bacteria
that normally llve ln tl\ 'large int.estine These bacteria also produce large amounts of vitamins.
The most imp! ese is Vitamin Kand Biotin (a B vitamin).
Reducing : a&i&ty and protectmg from infections: The mucosa of the large intestine also:
(a) Secretes bicarbonates to neutralize the increased acidity resulting from the formation of
these fatty acids and other digestive components at earlier parts of the intestines. (b) Acts as a

mucosal barrier and protects from microbial infections and invasions.
1.8 DEFAECATION

Defaecation is the term for the act of expelling feces from the digestive tract via the anus

Defaecation reflex in infants

In infants the defaecation reflex causes automating emptying of the lower bowel at inconvenient
times during the day because of lack of conscious control exercised through voluntary contraction
of the external anal sphincter.

Defaecation reflex in adults

When it is appropriate, a person usually can initiate the defaecation reflex (North America
spelling: defecation) by holding a deep breath and contractm%éthé}drr 'Qal A‘Mécles The
action increases the internal pressure and forcesithe faece S-on @:ﬁ@he’ rectum. When the
rectum is filled, its wall is d1stendeﬂ\an tr{(défae}:aimﬁ}e- ex is triggered. As a result,
peristaltic waves in the c@écépdmg CQl p\ re\\stmu.lihtéd and the internal and anal sphincter
relaxes. The external anal%phlncer Jﬁ élgﬁal d to relax and the faeces are forced to the outside.
The defaecatlon mstS\dnly for a few minutes and quickly dies. A person usually can
lnhlbltde%?\b L/ u tanlyby keeping the external sphincter contracted.

1.9 STORAGE AND METABOLIC ROLE OF LIVER

The liver has two main parts: the larger
right lobe and the smaller left lobe. The
lobes contain many blood vessels. Blood

travels through the liver. The liver filters islkssdapg "V stomach
(cleans) the blood, removing toxins and
waste that eventually leave the body

Hepatic portal vein

through urine and faeces. The lobes also Common bile duct///// ks \\\ Pancress
contain thousands of lobules (small Small intestine " Hepatic portal vein
lobes). These lobules connect with many

bile ducts, tubes that transport bile from Fig. 1.14: Liver

the liver to the small intestine. There are two distinct sources that supply blood to the liver,
including: Oxygenated blood flows in from the hepatic artery and nutrient-rich plood flows in
from the hepatic portal vein. ) \

~ [ r& >\ JAR!
The liver regulates most chemical levels lrr’ghe/ blood and @xcfgtés\a product called bile. This
helps carry away waste products from the/nver, AIL the bltmd leaving the stomach and intestines
passes through the liver. The thrproces&és\thl*s blood and breaks down, balances, and creates
the nutrients and also metaboliZes drugs-into forms that are easier to use for the rest of the body
orthatare non'tpfclg:, M&b than 500 vital functions have been identified with the liver.

’o
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Some of the more well- known funct1ons aré\iven below

1. Production of blle Yvhich helps earry away waste and breakdown fats in the small intestine

during di st1 T\

Product of certaln proteins for blood plasma e.g. serum albumin, globulins and fibrinogen

Production of cholesterol and special proteins to help carry fats through the body

Conversion of excess glucose into glycogen for storage (glycogen can later be converted back

to glucose for energy) and to balance and make glucose as needed

Regulation of blood levels of amino acids, which form the building blocks of proteins

Processing of hemoglobin for use of its iron content (the liver stores iron)

Conversion of poisonous ammonia to urea (urea is an end product of protein metabolism and is

excreted in the urine)

8. Clearing the blood of drugs and other poisonous substances

9. Regulating blood clotting

10. Resisting infections by making immune factors and removing bacteria from the bloodstream

11. Clearance of bilirubin, also from red blood cells. If there is an accumulation of bilirubin, the
skin and eyes turn yellow.

ol ol o

B

When the liver has broken down harmful substances, its by-products are excreted u;rte‘the bile or
blood. Bile by-products enter the intestine and leave the body. in the forrﬁ of feces Blood by-
products are filtered out by the kldneys, and leave thebody im th\%’forlﬁ of urine.

1.10 COMPOSITlQN ANB ROLE OF BILE

The gall bladder (North Almerlcan spelllng gallbladder) is a saclike structure on the inferior
surface of { k;{fhtha lipabout 8 cm long and 4 cm wide. The gall bladder is connected to the
common B\\l@ by the cystic duct. Bile is continually secreted by the liver and stored in the gall
bladder.

Composition of bile: The liver produces and secretes bile. It is stored in the gall bladder. Bile
contains no digestive enzymes. Bile consists of water, bile salts: sodium glycocholate and sodium
taurocholate, bile pigment, bilirubin, cholesterols, lecithin {a phosphelipid) mucus, cells and cell
debris.

Role of constituents of bile: Bile salts reduce the surface tension of fat globules and emulsify
them into droplets and thus increase their total surface area. This process is called
emulsification. These small droplets are then acted upon by the enzyme lipase. Bilirubin results
from the breakdown of haemoglobin. In the intestine, bacteria convert bilirubin into pigments
that give the faeces its characteristic brown colour. Some of these pigments are absorbed from
intestine, modified in the kidneys and excreted in the urine, contributing to the characteristic
yellowish colour of the urine. Bile salts help in the absorption of fatty acids from the intestinal
tract. \

1.11 STRUCTURE AND FUNCTION OF PANCREAS

The pancreas is a complex  organ compoSed of bdth endqcnne and exocrine tissues that perform
several functions. The endocrme\ part of\l:lqe pancreas consists of pancreatic islets (islets of
Langerhans). The panct reas conslsts of-a head, located within the curvature of the duodenum, a
body and a ta Rwhjtzhleftends to the spleen.
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Head: The widest part, l(aﬁatea/fin Ehe(F\\‘ o
shaped curve of the duodenum (the first
part of thg\m *:Qs\gll\f}:g)\ -
Neck: Connects the head to the body.
Body: The main part of the pancreas,
located behind the stomach and to the left
of the superior mesenteric vessels.
Tail: The tapered end, located near the
splenic hilum (the point where the spleen

connects to other structures).

Tail

e

Pancreas as an exocrine gland Fig. 1.15: Structure of pancreas

The exocrine secretion of the pancreas is called pancreatic juice and has two major components:
an aqueous component and an enzymatic component. Bicarbonate neutralizes the acidic chyme
that enters the small intestine from the stomach. The enzymatic component of the pancreatic
juice is important for the digestion of all major classes of food. The major proteolytic enzymes

are trypsin, chymotrypsin, and carboxypeptidase.
They are secreted in their inactive forms as trypsinoge ﬁ/{f&

L’ ynqg@ \sgl en, and
procarboxypeptidase and are activated by the remov. m%%:@ s-from the larger
precursor proteins. If these were prod\ ed Pﬁé\ﬁﬁ@% 7:h would digest the tissues
producing them. Trypsino: \ \isa tj % e%?) ‘enzyme enterokinase into trypsin.
Trypsin then activat trypsi , as well as chymotrypsinogen and
procarboxypeptidm , € Iéinu’es the polysaccharide digestion that was initiated in the
pases, breakdown lipids into free fatty acids, glycerides, cholesterol.

oral caﬁmﬁ\qﬁf
Deoxyrib Zleases and ribonucleases, reduce DNA and ribonucleic acid to their component
nucleotides, respectively.

1.12 RELATION OF SECRETION OF BILE AND PANCREATIC JUICE
WITH THE SECRETIN OF HORMONE

Secretion of bile and pancreatic juice is related to the hormone secretin.
Secretion of bile is related to secretin hormone

Fatty acids in the lumen of the duodenum stimulate endocrine cells to release the hormone
cholecystokinin (CCK). CCK stimulates contractions in the smooth muscle of the gall bladder
allowing bile release into the duodenum.
Acidic chyme in the lumen of the duodenum stimulates other endocrine cells to release the
hormone secretin. Secretin produced by the duodenum is carried through the circulatory system
to the liver and stimulates liver to release bicarbonate into the bile. BN
Secretion of pancreatic juice is related to secre/t_i\r&- p@@pe@;@)
Pancreatic juice secretion is regulated-by tﬁe ha;mbnes sef:ret}r, #rlidc/cﬁdlecystokinin which is
produced by the walls of the Qt_@de\ﬁL“l,[ﬁ'../ilpp',\r\‘-\ﬁé;éécjziéh"o‘f acidic food, proteins, fats and
vitamins. Pancreatic secrétion €onsists\of an Aqueotis bicarbonate component from the duct cells
and enzymatic com nt ‘frdm:'st"h“e""‘aié'i‘har cells. A clear alkaline secretion of the pancreas
containin e%&ﬁﬁ@&i&fﬁhe digestion of proteins, carbohydrates, and fats.

VA
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The predominant effect of)secretm on thé%ancreas is to stimulate duct cells to secrete water
and bicarbonate. As. t{ooﬂ as thls 'oceurs, the enzymes secreted by the acinar cells are flushed out
of the pangre\ﬁiﬁ\}iw tHé pancreat1c duct into the duodenum.

Carbohydrate digestion
Oral cavity, polysaccharides Disaccharides
esophagus Salivary amylase

Smaller Maltose

polysaccharides — Protein digestion
Stomach Protsins

Small polypeptides Nucleic acid digestion Fat digestion

Small . .
intestine DNA, RNA Fat (triglycerides)
fenzymes  (pancreatic amylases) Pancreatic trypsin and Pancreatic
pancreas) 7 chymotrypsin nucleases

Disaccharides L 7

EE— Smaller
polypelpﬂdes Nucleotides Pancreatic lipase
1
( Pancreatic carboxypeptidase | ( P \9
@ ycerol, fatty acids,
(\ monoglycerides
Small A\ L
intestine - .
enzymes
= Nucleosides

o B
epithelium) lsaccharicass \
X’ \J\:N’J/\M \\\/ gﬂgsphatases

v Nitrogenous bases,
Monosaccharides Amino acids  sugars, phosphates

Nucleosidases

Fig. 1.16: Flow chart showing action of enzymes in GIT from mouth to small intestine

r ( STEAM ACTIVITY 1.1 ) 2

l. Investigate the action of amylase on starch
Materials required

starch solution, amylase (saliva), water bath, 2 test tubes, and iodine.
Substrate= starch, Enzyme = amylase, Product=maltose

Procedure
1. Dissolve some starch in water to form a starch solution.

2. Addequal amount of starch solution to each of the two test tubesAMark{heteSt tubes asA
andB. ~ \| ‘ /O \ GV

3. Add saliva to the test tube marked asA) Shake the test tuJ}é to mix the contents. Do not
add salivain the tes;{ube n)arked as \ \ 8 el

. Leave both the test tubES for\ten mmutes in a water bath at 37 °C (body temperature).
5. Adda mq&d)p#pﬂodme solution in both the test tubes.
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Content of test qf iﬁéﬁn’ic‘a\/ﬂééd in Original colour of Final colour of
W ‘the test chemical chemical when
added to test tube
Starch and saliva lodine Yellow Yellow
Starch lodine Yellow Blue/black
Conclusion:

1. TesttubeA=iodine and saliva = yellow coloured solution
2. Test tube B = iodine and saliva = blue/black coloured solution
Therefore, amylase digests starch

Il. Carryout qualitative food test for protein

Materials required

2 droppers, test tube, sodium hydroxide, copper sulphate
Method

1. Dissolve a sample of food such as yogurt and egg in water.

%\ O

3. Add afewdrops of cop
Result: If the colourc

 Fdodtasted” Final colour observed Protein present or absent
~ Yogurt Purple Present
Eeg Purple Present
-, / e N
Dilute Copper S Dilutt.e hydroxide —
sulphate solution solution
Purple colouring L - «@/
appears in food do @@\R ) |
o \O - j

(a)

sample solution — Y /
Y
ﬁﬁi@g e

Conclusion:Yi?g \W’/ ég ain protein
O =
\. \1}& N

23



] O@@ S S
—_— mwER
\ VAN

- SRS
@t STEAM ACTIVITY 1.2 )
L
Observe,-i i w and label prepared histological slides showing cross section of
human: , small intestine, liver and gall bladder.

EXERCISE

Section I: Multiple Choice Questions
Select the correct answer:

1.

. What is YA
A. S B. pylorus

Which among the following is the longest?
A. stomach B. esophagus
C. small intestine D. large intestine

. Which structure does the appendix come off?

A. transverse colon B. descending colon

C. ascending colon D. small intestine m
@O@C@

C. ascending colon . cecum

. Which part of the Large intestine attaches ta m
A. transverse colon O& §K @S colo

art of the stomach attached to the esophagus?

C. body D. cardia

. Where does the pancreatic duct directly join to?
A. jejunum B. duodenum
C. ileum D. liver

. Where does the body of the stomach lie between?

A. fundus and pyloric antrum B. pyloric antrum and cardia
C. fundus and cardia D. cardia and pyloric antrum

. Which one is the largest gland in the body?

A. liver B. gallbladder
C. pancreas D. large intestine

. Pepsinogen is activated to pepsin by

A. active secretin B. hydrochlori @o@©
C. active pepsin and HCL Y %

. Liver secretes bile int
A. B. ileum

duodenum “
C. W o D. ascending colon
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10. Emulsification of f(a’é Wit]. nof occur\\the absence of

A. lipase \ \| AUV B. bile pigment

C. b{&iﬁh\ﬁ\ |\ D. pancreatic juice
11. Fat \y acids and glycerol are first absorbed by

A. lymph vessel B. villi

C. blood capillaries D. hepatic portal vein

12. The hormone responsible for stimulating secretion of hydrochloroic acid by stomach
cells is

A. pepsin B. secretin
C. gastrin D. insulin

13. Enzyme trypsinogen is changed to trypsin by

A. gastrin B. enterokinase
C. secretin D. hydrochloric acid
14. Which of the following hormones stimulates the production of pancreatic e and

bicarbonate?
A. insulin and glucagon B. chol cys ﬁ%{@ @O
C. gastrin and lnsulm Dmnrg?fg;mhﬁ
15. Secretin and chole \’i
A, pylorw W \ B. lleum
C. %\é D. esophagus

16. Which of the following is synthesized and stored in the liver cells?
A. galactose B. lactose
C. glycogen D. insulin

17. Which juice secreted by the alimentary canal plays an important role in the
digestion of fats?
A. pancreatic juice, saliva  C. mucus, Hydrochloric acid

B. saliva, hydrochloric acid D. bile juice, pancreatic juice

18. What is the role of mucus secreted by the stomach?

A. to digest protein C. to kill germs in the food
B. to digest fats D. to protect lining of the stomach
19. The majority of the water from the indigestible food is absorbed in the\ ,‘4 ¢ \ ?
A. stomach B. foodpipe_ 0 [ | /O \ ,\v\v
C. pancreas 0\ D la;:ge mtestme \\

Ct.' ir\axtow p1-l ehvironment?

20. Which hydrolytic éﬂzyme§
A. peroxldases ‘ B. hydrolases

C. a@’{}ﬁgﬁl l\J s D. proteases
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What is mechanical| djgestwn?

Wha}qpiphpﬁlé}a\l dlgestion?

Desbﬁbe peristalsis.

Name and write the function of epithelial cells of stomach of man.

Give one reason as to why some enzymes in stomach and intestine are secreted in

inactive form?

Name the enzymes involved in protein digestion.

How could no secretion of HCl in our stomach affect food digestion?

How the stomach does protect itself from the damaging effect of HCI?

. Why there are villi in the intestine and not in stomach?

10 Trypsin acts at alkaline pH. What provides the alkalinity?

11.What would happen to the activity of the intestinal enzymes if the pH in the small
intestine remained at 2?

12.How does the absorption of fat differ from absorption of glucose?

L o 5 e

0 ° N o

13.Describe defaecation reflex in infants. ~TA0)
N =~Tfa\\ W\ U
14.Describe defaecation reflex in adults. ~ |f ,‘//.—ﬂ S\

15.Bile juice contains no digestive enzy@es ye\t it ‘is irri\pn\ nt 'fér/d‘lgestlon Why?
16.What is the role of hormone/gastnrf in dﬂgiéjstw\n{ .
17.What is the role of@qrﬂ‘i@ﬁe @acrel;i\m \digéstion?
18.Describe the s tO\IJ' ge m[e of liver.
19.Wl t«{f b é17 Write its function.
20. Wn\é'\the differences between:

{a) pharynx and larynx

{b) pepsinogen and pepsin

Section lll: Extensive Answer Questions
Describe the process of swallowing in man.
Describe the human stomach with diagram.
Describe the structure of human small intestine.
Explain the absorption of digested products from the small intestine lumen to the
blood capillaries and lacteals of the villi.
Describe the large intestine of man. What are the functions of large intestine?
What is bile? Describe the composition of bile. What is the role of constituents of bile?
How secretion of bile is related to the secretion of hormone secretin?
Write the functions of liver of man. X

-l =

| P N e

gland.
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. [B-12-R-45] Trace the path of the blood through the pulmonary and systemic circulation
1.

12.
13.

14.
15.
16.

17.
18.
19.
20.

21.

22.
23.
24.
25.

[B-12-R-36] State the location of heart in the b

[B-12-R-37] Describe the structure of the walls
of each chamber.

[B-12-R-38] Trace the flo

[B-12-R-39] State the

- .\u eats
[B-12-R-40] Explain\the Yol F Anode, AV node and Purkinje fibers in controlling the heartbeat.
[B-12- rinciples and uses of Electrocardiogram.
[B-12- ] Describe the detailed structure of arteries, veins and capillaries.

[B-12-R-43] Describe the role of arterioles in vasoconstriction and vasodilation.
[B-12-R-44] Describe the role of pre-capillary sphincters in regulating the flow of blood through
the capillaries.

{coronary, hepatic-portal and renal circulation).

[B-12-R-46] Compare the rate of blood flow through arteries, arterioles capillaries, venules and
veins.

[B-12-R-47] Define blood pressure and explain its periods of systolic and diastolic pressure.

[B-12-R-48] State the role of baroreceptors and volume receptor in regulating the blood
pressure.

[B-12-R-49] Define the term thrombus and differentiate between thrombus and embolus.

[B-12-R-50] Identify the factors causing atherosclerosis and arteriosclerosis.

[B-12-R-51] Categorize Angina pectoris, heart attack, and heart failure as the stages of
cardiovascular disease development.

[B-12-R-52] State the congenital heart problem related to the malfunction of cardiac valves.

[B-12-R-53] Describe the principles of angiography.

[B-12-R-54] Outline the main principle of coronary bypass, ang

[B-12-R-55] Define hypertension and describe thefactor thal
hypertension and hypotensi

[B-12-R-56] List the chan
problems

position and function of intercellular fluid.

smon of intercellular fluid with that of lymph.

3 e structure and role of lymph capillaries, lymph vessels and lymph trunks.
1 Describe the functions of lymph nodes and state the role of spleen as containing
lymphoid tissue. -
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Why do we need a transporlf sy’stem? Ybu hav: re\ad in the previous chapter that what is digestion?
In chapter 1 you hav% md WHat are-cells? All the cells of our body need food from small intestine
and oxyg ﬂ gs. Carbon dioxide and waste chemicals have to be removed from the
lungs and e}&&m s respectively. Our bodies are too large for materials to simple diffuse in and out.
So we have a system of internal transport - a circulatory system that transports oxygen and carbon
dioxide, distributes nutrients to the body cells and conveys the waste products of metabolism to
specific site for disposal. The cardiovascular system consists of a strong muscular heart, three
kinds of blood vessels: arteries, capillaries, veins and blood. The study of the diseases of
cardiovascular system is called angiology.

2.1 HUMAN HEART

Location: Although the size of heart varies with the body size, the heart of an average adult is
about 14 ¢cm long and 9 cm wide. The heart is within the mediastinum, which is bordered laterally
by the lungs, posteriorly by the backbone, and anteriorly by the sternum. It base lies beneath
the second rib. It distal end extend downward and to the left, terminating as bluntly pointed apex
at the level of the fifth intercostal space.

Role of pericardium

The pericardium is a closed sac that surroun he f e per1card1um asa
whole prevents the heart from bemg oV lood The pericardiumis a
fibre membrane found the heart It protects the heart by
producing a serous ﬂIJld Q L\ cate the heart and prevent friction between the
surrounding organ bncat1on the pericardium also helps by holding the heart in
its WSitiW a?ning a hollow space for the heart to expand itself when it is full. The
pericardiu nsists of two parts, the outer part and inner part. Visceral Layer is directly covers

the outside of the heart. Parietal Layer forms a sac around the outer region of the heart that
contains the fluid in the pericardial cavity.

2.2 STRUCTURE OF WALLS OF HEART

Left common carotid artery

The heart consists of four chambers: two p.criccophaiic _
atria (meaning, entrance chamber) and two  trunk T g~ Loft subclavian artery
ventricles (meaning, belly). The atria lie )

above the ventricles. The heart wall is 2:5:""”"’"“
composed of the three layers of tissue: The

Aorta

epicardium, the myocardium, and the Left pulmonary arteris
endocardium. The epicardium is a thin gy pumonary E:;lmorllryh'unk
serous membrane comprising of the smooth  veins g Le" pulmonaty veins
outer surface of the heart. The thick middle Latatum
layer of the heart, the myocardium, is Rrightatrium J_Lfﬁ_-\s‘f'“'ac“'"

composed of cardiac muscle cells. The
smooth inner surface of the heart chambers  Riaht

is the endocardium, which consists oft 4 A
simple squamous epithelium over a layer of |\
connective tissue. The (heart-valves| are. |
formed by a fold of the\ endotardium Inferior vana
making a doublg r\\d‘f ehdoeardmm with *"* ‘

connectlvg ﬁj\w&] tween. Fig. 2.1: Human heart, external view

ventnq
g



mC) o
Chapter 2 B (\: F)t W ’Ebﬁa

_/\Leﬂ common carotid artery
Left subclavian artery

Brach allt:
\f\q%\pemna cava

Right pulmonary arteries Aorta

Left pulmonary arteris

Pulmonary trunk
Left pulmonary veins
Left atrium
Semilunar valves

Right pulmonary veins

Right atrium

- Atrioventricular (bicuspid) valve

Papillary muscle
Interventricular septum

rﬁ"’”@m

Chordae tendineae

Right ventricle

Inferior vena cava

Fig. 2.2: Dissectionof ah see 1-tHe
hventricles removed

The thick ach chamber is different: The atria have comparatively thin walls as
they only to force blood into the ventricles and this does not require much power. On the

other hand, the ventricles have to force blood out of the heart hence they have relatively thick
walls, especially the left ventricle which has to pump blood around the whole body. The right
ventricle has thinner walls than the left ventricle in a ratio of 1:3, it pumps blood to the lungs,
which are at a short distance from the heart.

The right atrium receives the superior vena cava, the inferior vena cava, and the coronary sinus.
The left atrium receives the four pulmonary veins. The two atria are separated from each other
by the interatrial septum.

The atria open into the ventricles through atrioventricular canals. The right ventricle opens into
the pulmonary trunk, and the left ventricle opens into the aorta. The two ventricles are
separated from each other by the interventricular septum.

An atrioventricular valve is on each atrioventricular canal and is composed of cusps, or flaps.
The atrioventricular valve between the right atrium and the right ventricle has thr sps and is
called the tricuspid valve. The atrioventricular valve between thelejrz Oi left ventricle
has two cusps and is therefore called the bicuspi tral/\ ¢ricle contains cone-
shaped muscular pillars called papllla\ﬂ( lés, he;e\ Lls L s are attached by thin, strong
connective tissue stnngs the ¢ cusps of the atrioventricular valves.
The papillary muscles conl( Et\ cles contract and prevent the valves from opening
into the atria eh rdae tendineae attached to the valve cusps. The aorta and
pulmonar&wﬁl\\ﬁu}e‘s aortic and pulmonary semilunar valves.
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2.3 mevéi-( B\Loﬁo\r ROUGH THE HEART

The supenor ven av \Qnd the infenor vena cava, both carrying deoxygenated blood, enter the
right atn héJ 'right atrium sends blood through the tricuspid valve to the right ventricle. The
right ventncle sends blood through the pulmonary semilunar valve into the pulmonary trunk and
the two pulmonary arteries to the lungs. Four pulmonary veins, carrying oxygenated blood from
the lungs, enter the left atrium. The left atrium sends blood through the bicuspid valve to the left
ventricle.

The left ventricle sends blood through the aortic semilunar valve into the aorta to the body
proper. The heart is a double pump because the right ventricle of the heart sends blood to the
lungs, and the left ventricle sends blood throughout the body.

(1 (2 (3] 4]
Superior and . . " . Pulmonary
icrorvens —> RO s Thouspd _ RN Cominey —» Pumenay . Puonay
cava valve
A A
Coronary sinus
Cardiac veins
A

Body tissues Heart tissue Lung tissue

(systemic (coronary m@ @ (pulmonary
circulation) circulation) @ circulation)
: v@&
B N@ |
rtic

semilunar <«— Left™ . Bicuspid Left Pulmonary
vaive vantricle valve atrium veins

Fig. 2.3: Passage of blood through heart
2.4 PHASES OF HEARTBEAT

In a continuous, rhythmic cycle heart is passively filled with blood from the large veins and then
the heart actively contracts, propelling the blood throughout the body. Its alternating relaxations
and contractions make up the cardiac cycle. The cardiac cycle is a sequence of one heartbeat.

Phases of heartbeat

The term systole means to contract and diastole means to dilate. Atrial systole is contraction of
the atrial myocardium and atrial diastole is relaxation of the atrial myocardium. Similarly
ventricular systole is contraction of the ventricular myocardium and ventricular diastole is the
relaxation of the ventricular myocardium. When the word “systolne!Land “dm‘tgle" are used
without reference to specific chambers, they meanventncu]‘arggliole@; d@gtéié’

In atrial diastole blood enters the right’ a‘\trpﬁ% from the pody thr gh the vena cavae. At first the
bicuspid and tricuspid valgves a@elased ‘but a&tlja atria fill with bloed, pressure in them rises.

Eventually it becomes greaﬁer than thab the relaxed ventricles and the valves are pushed
opens. In atnal S } t;hg t\mh atria contract simultaneously and blood is pushed through the
atrio- vent\ﬁl; y into the still relaxed ventricles.
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At this phase semilunar vaWe ls cTosed tht;\ﬁmd and bICUSpId valves are open.

In ventricular sysﬁﬁs most lmmedlately the ventricles contract. When this occurs the pressure
in the ventri és and closes the atrioventricular valves, preventing blood from returning to
the atria. '}“hls pressure forces, open semilunar valves of the aorta and the pulmonary artery and

blood enters these vessels. In this phase the tricuspid and bicuspid valves are closed.

In ventricular diastole the high pressure
developed in the aorta and pulmonary artery
tends to force some blood back towards the
ventricles and close the semilunar valves of
the aorta and pulmonary artery. Hence back
flow in the heart is prevented. In this phase
bicuspid valve and tricuspid valve are open,
aortic semilunar valve, and pulmonary
semilunar valve are closed. The normal
cardiac cycle is of 0.7 t0 0.8 second depending
on the capability of cardiac muscle to
contract. The heart muscle rests 0.1 to 0.3
second between the beats.

AV valves
are open

WW N

7

SCIENCE TITBITS
When a stethoscope is used to listen to the
heart sounds, distinct sounds normally are
heard. The first heart sound is a low-pitched
sound, often described as a “lub” sound. It is
caused by vibration of the atrioventricular
valves which close near the beginning of
ventricular systole. The second heart sound is a
higher pitched sound often described as a
“dub” sound. It results from closure of the

aortic and pulmon y\saw es, near

the end of n as 'lubb’

(a“ “WM% )

g""-rf\é Q 2 Atria
YN contract

'i\\

Ventricles
contract
Semilunar
valves o\

N\ afeépén
2\ ..-\\U\ -

Fig. 2.4; Cardiac cycle
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2. 5 C@NDUCTING\SYSTEM OF THE HEART

The heart will goq f ng after 1t has been cut

right outt qf\l Ithé\body Cardiac muscles are
myogenic f.e., its rhythmic contraction arise

from within the muscle itself. Cardiac muscle SAnode
has an intrinsic rhythmicity that allows the
heartbeat to originate in and be conducted ‘
through the heart without extrinsic stimulation. AV node—F8—
Specialized strands of interconnecting cardiac '
muscle tissue that coordinate cardiac
contraction constitute the conduction system. Bundle of His
The conduction system constitutes the cardiac

cycle. The components of the conduction system

are the (a) Sinoatrial node, (b) Atrioventricular Purkinje fibres
node, {c) Atrioventricular bundle (d) Conducting

myofibrils.

/—\ M) X\ \
Sinoatrial node in short is called SA node. It A\ ig, 2 5. EM J e\ <s§\s€em) of the heart
consists of specialized plexus of cardiac musge f jon, p@t lha 5 originate in the sincatrial
embedded In the upper wall of the ngﬁt amu \\ U @Aﬁxﬂbd’e andtravel across the wall of the

It is close to where vena c@ae\erﬁeﬁ;ﬁe ~"atrium (arrows) from the SA node to the
The SA node has been ewpéd \frgm%he sinus atrioventricular (AV) node.

Vvenosus andgﬁm‘ apartof the atrium, s0 2. Action potentials pass through the AV node
it is call jal node. There is another and along the atrioventricular (AV) bundle,
spemahzed group of cardiac muscle fibres called  which extends from the AV node, through the
atrioventricular node. In short it is called AV  fibrous skeleton, into the interventricular
node. It is present near the junction of right septum.
atrium and right ventricle. 3. The AV bundle divides into right and left
bundle branches, and action potentials descend
AV node is connected to a strand of specialized  to the apex of each ventricle along the bundle
muscles (in the ventricular septum) known as  branches.
atrioventricular bundle or bundle of His. This 4 Action potentials are carried by the Purkinje
bundle passes through a small opening in the fibres from the bundle branches to the
fibrous skeleton to reach the interventricular ~ ventricularwalls.
septum, where it divides to form right and left bundle branches, which extend beneath the
endocardium on either side of the interventricular septum to the apices of the right and left
ventricles respectively. The inferior, terminal branches of the bundle branches are called
Purkinje fibres, which are large-diameter cardiac muscle fibres. They have fewermyqﬁbnls than
most cardiac muscle cells and do not contract forcefully Intercalated disks are well developed
between the Purkinje fibres and contain nu;nerous \gap ]unctlons\ A&éTeSUlt of these structural
modifications, action potentials travel\ along the Purkmje fibres much more rapidly than through
other cardiac muscle tlSSUE’ Cardléc mu§ e cells\have ‘the capacity to generate spontaneous
action potentials, but cells of the SA node do so at a greater frequency. As a result, the SAnode is
called the pa(:er”ilk r. Of the heart. When the heart beats under resting conditions,
approxlma\nelyh second is required for action potentials to travel from the SA node to the AV
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node. Within the AV node [‘a%;t.iiyﬁbét’-&nﬁ;\[ﬁéﬁe}f:‘r&ﬁégated slowly compared with the remainder
of the conducting\\sx.f,\te\gm.4¥3§A§bh§e‘qﬁéhce, there is a delay of 0.11 second from the time action
potentials{\.\@gﬁl’\\l ;Eﬂ]b“\AV-ndde until they pass to the AV bundle. The total delay of 0.15 second
allows corﬁﬁl“etidh of the atrial contraction before ventricular contraction begins.

e ™\
Science, Technology and Society Connections

e Rationalize the use of artificial pacemaker in patients of cardiac arrhythmias.
A cardiac arrhythmia is a disturbance in electrical rhythm of heart. It may be bradycardia

(heart beat less than 40 beats per minute) or tachycardia (heart beat more than 100 beats
per minute). Pacemaker supplies electrical initiation to myocardial contraction. The
pacemaker is put surgically under the skin where it may be programmed. It generates
electrical rhythm at a set rate, so in this way arryhthmia are controlled.

2.6 ELECTROCARDIOGRAM 7

The electrical impulses that pass through the conduction system g_f,| gheheaﬁ I@q‘iﬁg}ﬁhe cardiac
cycle can be recorded as an electrocardiogram (ECG)—The. electrical changes result from
depolarization and repolarization of cardlgc(f}lusdeﬁbr)esahdec}n bé’dgtected on the surface of
the skin using an i nstrumqqgé,a{ued/l;hq"'e'lé "'t'i;d'cér_gli'&':\g\rafﬁhf The principal aspects of an ECG are
shown in the given ﬁgu_réf‘.“‘nTHé Wa\(edéﬁ tions, designated P, QRS, and T, are produced as
specific events of the €ardiac cycte occur.
0

Depolarizat—#sn of the atrial fibres of the SA node produces the P wave. The ventricles of the heart
are in diastole during the expression of the P wave. On the ECG recording, the P-R interval is the
period of time from the start of the P wave to the beginning of the QRS complex. This interval
indicates the amount of time required for the SA depolarization to reach the ventricles. The QRS
complex begins as a short downward deflection (Q), continues as a sharp upward spike (R), and
ends as a downward deflection (5). The QRS complex indicates the depolarization of the
ventricles. During this interval, the ventricles are in systole and blood is being ejected from the
heart. The time duration known as the 5-T segment represents the period between the
completion of ventricular depolarization and initiation of repolarization. The T wave is produced
by ventricular repolarization. Anormal ECG indicates that the heart is functioning properly. The P
wave represents excitation and occurs just prior to contraction of the atria. The second wave, or
the QRS complex, occurs just prior to ventricular contraction. The third, or T, wave occurs just
before the ventricles relax. The J (junction) point in the junction between termination of the QRS
complex and the beginning of the ST segment. N\ (e A\

Uses of electrocardiogram 0 A
An ECG is a painless tesg,l;ha,t mgasuresﬁeartelectn“cal l'a'("‘:t'i’\‘;it"y"’to show whether or not it is
working normally. ECG candetect arrhythﬁias (irregular heartbeat), conduction defects, size
and position of hg L jc:l]zr\mbers,darmage to heart muscle, impaired blood flow to heart muscle,
the effect\qu‘_jq#ﬁgj;; imedicines and function of artificial pacemakers.
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W 2.7 BLOOD VESESLS

There are three types of blood vessels, the arteries (and arterioles), which carry blood away from
the heart, the veins, which return blood to the heart, and capillaries, which permit exchange of
materials with the tissues.

L ) —

2.7.1 Arteries £
. =
Arteries carry blood away from the heart. Endothelium f 8
Arteries are pink in colour and are situated within 3
the muscles. Arteries vary in size. Elastic tissue | 2
Arteries branch into arterioles and capillaries. £
The lumens of arteries have no valves. The wall of §
an artery consists of three coats or tunics: tunica | P g
adventitia, tunica media and tunica intima. o s e =
The ocutermost layer is called tunica adventitia. R — i 3
It is composed of white fibrous connective tissue. T tissue m E
The middle layer is called tunica media, and has ' [ E

variable amount of elastic fibres. It is

layered in thickness. It consists of oﬁé\/or 00 @@

layers of circular smooth myscle A \le

The innermost layer of t is\c nica intima. It is composed of simple squamous
e

epithelium and elasti r d of elastin. Arterioles transport blood from small arteries
tocapillari i ?oximately 23 mm and arterioles are about 0.2 mm in diameter.

ny
Fig. 2.7: Artery
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2.7.2 Capillaries
The capillary

X}X/Bnmga\nly of
endotheltg! 3 cap1llar1es range
from 7 t Lm in diameter, and thus branch
without a change in their diameter.
Capillaries are approximately 1 mm long.
Red blood cells flow through most of

capillaries in a single file.

2.7.3 Veins

The blood vessels that bring blood back to
the heart are called veins. Veins are
relatively not deep in the muscles. Veins can
be seen as blue vessels under the skin. Avein
also consists of tunica adventitia, tunica
media and tunica intima. Tunica adventia is
composed of collagenous connective tissue.
Tunica media is composed of a thin layer of
circularly arranged smooth muscle lls
collagen fibres and a few s
distributed elastic ﬁbres

smooth muscle and

cells, thm res. Venules
with a dl 40 to 50 ym are tubes
composed of endothehum The venules
collect blood from the capillaries and
transport it to the small veins.

e lal

Valves in veins

Veins having diameters greater than 2mm
contain valves that allow blood flow toward
the heart but not in the opposite direction.
Valves are present only in the lower part of
the body especially in the abdomen and hind
limbs. In the upper region above the heart
there is no valve. As the blood pressure in the
veins is comparatively low, so the flow of
blood in the veins is helped by gravity,
semilunar valve and muscular contraction.

2.8 ROLE OF ARTERIRL

au
\Vg\\u\»v

/
|

Endothelium

Fig. 2.8: Capillary

Endothelium }

Tunica intima

Elastic

Tunica media

Wy
— Connective
tissue

Vein

\-—-\,—l
Tunica adventitia

Fig. 2.9: Vein
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csjﬂ-— Valve closed

Vein

\_._ Valve open

Direction of blood flow
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TION AND

»
‘ ng\(}blood vessel can be regulated by contraction or relaxation

Q
The amount of bloo%ﬁgﬁ r
of smootl tinica media. A decrease in blood flow results from vasoconstriction, a
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decrease in blood vessels diameter caUSetir&v si'nooth muscle contraction whereas an increase in
blood flow is produ vasom lation an increase in blood vessel diameter because of smooth
muscle re axﬂ.\] c}gl “circulation is also controlled by hormones (vasoconstriction agents)
acting on\an‘\ten ks Norepinephrine is an especially powerful vasoconstriction hormone, and
epinephrine is less.

Several substances called kinins (vasodilator agents) can cause powerful vasodilation are formed
in the blood and tissue fluids of some organs. e.g., histamine. Most of the prostaglandins are
vasodilator agents though some of the prostaglandins are vasoconstrictor.

g ™
e Justify how Vasodilation and Vasoconstriction is Reflective of Emotions?

During emotional rage such as apprehension and rage vasodilation occurs due to secretion of
epinephrine. It is a hormone that is responsible for fear, flight and fright conditions. The
sympathetic vasodilator fibres are part of a regulatory system that originates in cerebral
cortex and ends at postganglionic neurons in blood vessels on skeletal muscles activate them
to release acetylcholine, and vasodilation occurs. Blood discharge thro ughfare
channels rather than capillaries so heat loss occurs and the skin b hilein
vasoconstriction blood supply becomes les&}o ski is the skln becomes
cold. Situations such as shock, hypot@\\?a @t r by stlmulatlon of arterial
stretch receptors and pfb and bradycardia (slowness of the heart)
occur bylncreas lntr

v
%va 9 ROLE OF PRE-CAPILLARY SPHINCTERS
Arterioles supply blood to each capillary N
network, blood then flows through the Artoriole Metarteriole
capillary network and into the venules.
Blood flows from arterioles through Precapilary
metarterioles. From a metarteriole * o°° Thoroughfare

blood flows into a thoroughfare channel, ~ Capillaries e

Several capillaries branch from the
thoroughfare channels. Flow in these
capillaries is regulated by smooth
muscle cells called precapillary
sphincter, which are located at the
origin of the branches. This sphincter

can open and close the entrance to the Venule
capillary. Precapillary sphincters are ( fr_\\ ~
normally either completely open or IR Fig”i ﬁgcebrllﬁr’y :etwork

completely closed, and the degree of\ - \ \

constriction of the metartenolea{sanhe he p;ethpﬂlary sphmcters and metarterioles often
open and close cyclically severel mmes 1nute with the duration of the open phases being
about proport1one @ Rﬁf metabohc needs of the tissue. The cyclic opening and closing is called
vasomotwg AN I\
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2.10 PATH OF BL%W PULMONARY AND SYSTEMIC
CIRCULATION

We will di here the path of blood through the pulmonary and systemic circulation.
Pulmonary circulation

The left atrium receives oxygenated blood from the lungs through a pair of pulmonary veins,
which open by common aperture into it. From left atrium the blood flows into the left ventricle.
The superior and inferior vena cavae bring deoxygenated blood and open into the right atrium.
From right atrium blood flows into the lungs for oxygenation by a pulmonary arch or trunk which
divides into two pulmonary arteries, each going to the lung of its own side. This part of
circulation is called pulmonary circulation or circuit. The pulmonary arteries carry
deoxygenated blood and pulmonary veins carry oxygenated blood.

/«ﬁ&: ,.‘,

i rolld al
Jugular vein - Head and arms
(also subclavian Cco.
vein from anmns)

n \ 7 \
Pulmon Pulmonary
- ‘ ) vein
r vana cava
“«,
Inferior vena cava Aorta
Heart
Hepatic vein Mesenteric
arterias
Hepatic
Portal vein
Renal artery
Renal veln

liac vein

,.!

eSS\

“x Trunks and legs
WW Fig. 2.12: Cardiovascular system
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Systemic C1rculat1on

The systemic ci rcu{rf udes all the arteries and veins other than involved in pulmonary circuit.

The largeséq é}‘t&thyk he systemic circuit is the aorta. The largest veins are the superior and
inferior venae cava. The path of systemic blood to any organ in the body begins in the left
ventricle which pumps blood in the aorta. Branches from aorta go to the organs and major body
regions. The superior vena cava collects blood from the head, the chest and the arms. The
inferior vena cava collects blood from the lower body regions. Both enter the right atrium. The
aorta and the vena cavae are the major pathways in the systemic circuit. In most instances the
artery and the vein that serve the same organ are given the same name.

Coronary circulation Inferior

vena cava

Hepatic vein
The wall of the heart has its own supply of

blood vessels to meet its vital needs. The
myocardium is supplied with blood by the
right and left coronary arteries. From
the capillaries in the myocardium, the Hepatic
blood enters the cardiac veins. The portal vein
course of these vessels parallels that of
the coronary arteries. These cardiac veins
converge to form the coronary sui
channel on the posteno@&r’faeg\/\
heart. The coronary venous )A ookb

enters the he &%ﬁ pening into
the right 5@}%@

Hepatic portal system

Stomach
Liver

\\\

Small
intestine

A portal system is vascular system that
begins and ends with capillary beds and
has no pumping mechanism such as the
heart. The portal system that begins with Fig. 2.13: Hepatic portal system
capillaries in the viscera and ends with
the capillaries in the liver is the hepatic
portal system. The hepatic portal vein,
the largest vein of the system, is formed
by the union of all the veins coming from
digestive system. Within the liver the
blood flows through a series of dilated
capillaries which empty into hepatic
veins. The hepatic veins join the inferior
venacava.

Renal cortex
Renal medulla

Renal artery
Repal pelws

Renal circulation \(Q wABR

—— Ureter
Renal artery enters into kldney and glVQS\\
branches which pass Fk{rpugh \medutla; In
cortex the«y'\gp e\risé’ to afferent Fig. 2.14: Principal arteries and veins of kidney
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glomerular arterioles Fré;ﬁi’hé’lféb‘\li,ib,df‘gﬁte\sf"cﬁe/:i’éritubu lar capillaries and vasa recta. From
these capillary ngt\,ggg Kftheblood is drained through veins and leave the kidney as a single renal
vein that g\r?@t]l%smwltd the‘inferior vena cava.

N

72,11 RATE OF BLOOD FLOW IN BLOOD VESSELS

Blood flow means simply the quantity of blood that passes through a given point in the circulation
in a given period. The overall blood flow in the circulation of an adult at rest is about 5000
ml/min. This is called cardiac output. It is the amount of blood pumped by the heart in a unit
period.

Comparison of the rate of blood flow through arteries, arterioles,
capillaries, venules and veins

Blood travels over a thousand times faster in the aorta, i.e., about 30cm/sec on average than in
capillaries i.e., about 0.26 cm/sec. You might think that blood should travel faster through
capillaries than through arteries, because the diameter of capillaries is very small. However, it is
the total cross-sectional area of capillaries that determines flow rate. Each artery conveys blood
to such an enormous number of capillaries that the total cross-sectjgn% area 'r\ mt :Jgreater in
capillary beds than in any other part of the circuL?toryEy/'g;e \Fp @isér 'theblood slows
substantially as it enters the arterioles from@rtg\'ie ! m\?«;}i [Uin the capillary beds.
As blood leaves the capillaries and ent% “é\ve@g d veins it speeds up again as a result of
the reduction in total c@@s-\\; iona \af;g\jhe rotid sinus and aortic arch baroreceptor
reflexes arei mportanlti\ﬁré\é\l%ﬁ’éubl bd pressure moment to moment.

AN
\UW\\U N Capillaries
Arterioles’—|—| Venules
Afteriss _l_l : Veins -
Aorta : ~;'d.z. s > Vena cava
t' “n® gle Total
-~ . : P - cross-sectional
‘:ﬁ»‘ \_‘:., - \ area
— . :
Velocity of
- blood flow
{mL/s)
AT
—~ 1da\ (c\\
& II I /) "_\:\'_\:;,\_ ’

— VL L\ () LA™
Fig. 2.15: Blood vessel types and velocityof b}deél flow: Total ';‘r,dss'z;s&'tibﬁalfarea for each of the major
blood vessel types is the space-through-which blood flows, measured in square centimeters. The cross-
sectional area of the aorta fsﬁboufz Semt) Th(e\o;'r_dﬁsseétional area of each capillary is much smaller, but
there are so many that the total cross-sectional area is more than that of the aorta. The line at the bottom
of the graph shows fl{?ﬁ;b;qqqyelbdty’drops dramatically in arterioles, capillaries, and venules. As the
total crosi\i'a\@'ma\ ,h -{ncreases the velocity of blood flow decreases
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\[& 12 BLOOD PRESSURE

Blood pressure is gpgjfdﬁce exerted by the blood against any unit area on the inner walls of the
blood veSset Thé\standard reference for the blood pressure is the mercury (Hg) manometer,
which measures pressure in millimetres of mercury (mm Hg). If the blood pressure is 100 mm Hg
the pressure is great enough to lift a column of mercury 100 mm. When the ventricles of the heart
contract the arterial blood pressure is the highest. It is called systolic pressure. When the
ventricles of the heart relax, the arterial blood pressure is the lowest. It is called diastolic
pressure.

2.13 BARORECEPTORS AND VOLUME RECEPTORS

Baroreceptors can be divided into two categories based on the type of blood vessel in which they
are located: high-pressure arterial baroreceptors and low-pressure baroreceptors or volume
receptors

High-pressure arterial baroreceptors

These are mechanoreceptors located in the walls of the aorta and carotid S}nqs\ﬁnft;he carotid
arteries. They sense the blood pressure and relay t the informati o\ t& é bi tHa a proper
blood pressure can be maintained. Stimulat@p ofp ra mpra q refves'in these areas caused
by cardiac output, produces vasodﬂaéa 101’] € o?; ut ﬁhe\ /and consequent reduction in
blood pressure as well as a@g e ear\ attg 'he 0pp051te occurs when blood pressure is low.
In this case, a fall in blood rést?‘u@ increases nerve impulse transmission along sympathetic
nerves. This ¢ ﬁ}lde vasoconstriction and a rise in blood pressure. Baroreceptors act
immediate a\aﬁ\ﬂt of a negative feedback system called the baroreflex.

Low-pressure baroreceptors or volume receptors

Low-pressure baroreceptors or volume receptors are found in the atria of the heart and carotid
arteries. When these receptors detect a blood volume decrease in the atria, a signal is
transmitted from the receptors to the hypothalamus in the brain. The hypothalamus, in turn,
increases the production of antidiuretic hormone (ADH) which will cause water retention in
kidney. This increases the blood volume, resulting in the increase of blood pressure.

2.14 CARDIOVASCULAR DISORDERS

Cardiovascular disorders or diseases (CVD) are the diseases of the heart and blood vessels. The
CVD are the leading cause of untimely death.

2.14.1 Thrombosis and Embolism

The formation of a clotted mass of blood within a vessel or the heart/dtfnng l]fe) is called
thrombosis. The clotted mass of blood within a vessel or- thehelyft'durm)g lifeis called thrombus.
The occlusion (a closing of an opening)\of éeme part Df the, Ca;dlovascular system by any mass
transported to the site through thel blood st eamls calted embolism. Embolus (plural: emboli) isa
detached intravascular sol'rd lqufd or gasékus mass that is carried to a site distant from its point
of origin. About 9926 mboli arise-from dislodgement of thrombi and are therefore called
thrombogr?bﬁu ﬂ'ﬂr&}nbus and embolus cause death.
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0\|\[#13 HEART PROBLEMS

In this section \?l' jV\hl“. \discuss cardiovascular diseases, such as: atherosclerosis and
artenosclemﬁis N\

2.15.1 Atherosclerosis and arteriosclerosis

Atherosclerosis is the plaque deposition of cholesterol in the arteries resulting in the narrowing
of the arteries lumen. Later, fibres are deposited in the cholesterol and these often start to
calcify and become hard, a process known as arteriosclerosis. The plaque first forms thrombus
and may detach to form embolus. The major factors that cause atherosclerosis and
arteriosclerosis are: Hypercholesterolemia, (hyperlipidemia), Hypertension, Cigarette smoking,
Diabetes mellitus, the other minor risk factors are: (a) Increasing age, (b) Lack of exercise, (c)
Stressful competitive life, (d} Obesity.

2.16 STAGES OF CARDIOVASCULAR DISEASE DEVELOPMENT

In this section we will discuss cardiovascular diseases, such as: angina pectoris, heart attack,
heart failure. o~ N\

2.16.1 Angina pectoris e)

Due to atherosclerosis a pgmon may\feel otcasianakchESt pam a condition known as angina
pectoris. Angina is most llRelyt 0CcUr wh\rl ‘the heart is labouring hard because of physical or
emotional stress. ﬂg ? 15 a mgnal that part of the heart is not receiving a sufficient supply of
oxygen angma \o# he heart attack could occur in future.

2.16.2 Heart attack

Many heart attacks occur without warning. A blood clot may completely block a coronary artery,
or atherosclerosis may reach a critical level causing massive damage to the heart muscle. All of a
sudden, the person feels a heavy squeezing ache or discomfort in the centre of the chest. The
pain may radiate to shoulder, arm neck or jaw. Other symptoms may include sweating, nausea,
shortness of breath and dizziness or fainting. The whole process is called myocardial (heart
muscle) infarction (death due to lack of oxygen). When heart muscles die, they are not replaced
because cardiac muscles do not divide. When a person survives a heart attack scar tissue (a type
of connective tissue) grows into the areas where the heart muscles have died. The scar tissue
cannot contract as cardiac muscle. As a result the damaged heart is permanently weakened.

2.16.3 Heart failure

Congestive heart failure is inability of heart to pump all the blood commg to Tt“‘f'hexcarmac output
is unable to keep pace with the venous return~ [ \ o~

2.16.4 Congenital heart, problem

Congenital heart problems reéﬁlt ffofn abnormal1t1es in the embryonic development. It can be

related to theJ 71 "nu: mng of cardiac valvese. g., Valvular stenosis.
< \j ‘ ’

o~

)
i,

41



com
Chapter 2 Bkof/, OWQW@ )

2.17 DIA
Modern resea "@ ;\?sulted inimproved
diagnosis }Ehelrtreatment and preventions.

a. Principles of angiography

Cardiac catheterization is a technique in which
specially designed catheter is inserted into a
vein or artery and advanced into the heart
under radiographic fluoroscopic guidance. This
allows the operator to obtain angiograms by
injecting contrast media into an area of
interest. It is used to evaluate disease of the
mitral valve, aortic valve and aorta, to
determine the size and function of the left
ventricle.Coronary angiography is used to
detect stenosis (narrowing of a tube) and guide

(WASCULAR DISORDERS

Diagnostic
catheter
Left main artery

— Stenosis

_Left anterior
i descending artery

Circumilex artery

Fig. 2.16: Coronary angiogram-schematic of
the vessels and branches

revascularisation procedures such as balloo W ) Z
@ Aorta — ‘ ‘

angiography and stenting.

b. Coronary byPass O% Qﬁ
A coronary bypa edure that
relieves f obstruction in the
coronary teries. The technique involves
taking healthy segments of blood vessel from
other parts of the patient’s body usually a vein

from the leg or an artery of thorax to bypass
obstructions in the coronary arteries.

c. Angioplasty

In angioplasty a cardiologist threads a plastic
tube into an artery of an arm or a leg and guides
it through a major blood vessel toward the
heart. When the tube reaches the region of
plaque in a coronary artery a balloon is
attached to the end of the tube is inflated
forcing the vessel open. However, the artery

stents are expanded inside the arte

the artery open. Stents ar
to prevent blood clottln%

prevent arte

may not remain open, so slotted tubes cal ed \
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Fig. 2.17: Coronary artery bypass graft.

Fig. 2.18: Coronary artery bypass graft.
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d. Open heart surgery \

Thisisa surgery in wh ?I'i rthe pat1ent s chest is opened. The surgery is performed on the heart. The
term’ open \de\‘é s to-the chest, not to the heart itself. The heart may or may not be opened
depending 'on the particular type of surgery. Heart surgery is used to correct heart problems in
children and adults. An incision is made through the breastbone (sternum) while the patient is
under general anesthesia. Tubes are used to re-route the blood through a special pump called a
heart-lung bypass machine. This machine adds oxygen to the blood and keeps the blood warm and
moving through the rest of the body while the surgeon is repairing the heart. Using the machine
allows the heart to be stopped. Stopping the heart makes it possible to repair the heart muscle
itself, the heart valves, or the blood vessels outside the heart. After the repair is done, the heart
is started again, and the machine is removed. The breastbone and the skin incision are then
closed.

2.18 HYPERTENSION AND HYPOTENSION
Hypertension

Blood pressure (BP) is the measurement of the pressure or force of blood pushing agelnst bleod
vessel walls. The BP reading has two numbers. The top number is tbesysf,obctbldad pressure,
which measures the pressure on the artery walls when thehea‘rtbeaﬁspr qoaﬁrit:ts The bottom
number is the diastolic blood pressure., Thlimeasm\es the presﬁrre onthe artery walls between
beats when the heart is relaxmg The \physﬁmam measure blodd pressure in millimeters of
mercury (mmHg).Your bloaﬂ IJFESSUré ma\}\edﬂ‘fe” ent at different times of the day. High blood
pressure is also called l{ypertemmn ' When the blood pushes harder against the walls, your blood
pressure \J | '

Deﬁnitlo ensmn is defined as blood pressure higher than 140/90 mmHg.

A diagnosis of hypertension may be made when one or both readings are high. 120/80 mmHg is
normal blood pressure

2.18.1 Factors regulating blood pressure

Blood pressure is influenced by various factors. These factors can be broadly categorized into
controllable and uncontrollable risk factors.

Controllable Factors

a. Diet: High sodium intake, a diet low in potassium, and excess saturated fat can elevate blood
pressure,

Physical Activity: Lack of regular exercise is a significant risk factor.

Weight: Being overweight or obese increases the risk of high blood pressure.
Stress: High stress levels can lead to temporary increases in blood pressure.
Sleep: Insufficient or poor quality sleep can affect blood pressure regulatxem W\
Medications: Some medications, 1nclud1ng cough andcetd medicine«so can Jﬁ‘cerfere w1th blood
pressure control. o \ \

s eng

X RN\
a. Age: Therisk of hlgh blood preSSure increases with age.
b. Genetl{:ﬁ JFam} y hi story of hypertension can increase your predisposition.

Uncontrollable Factors""‘
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c. Medical Conditions: Coﬁdmons lﬂ(e kldr}ey dlsease thyrmd problems, and obstructive sleep
apnea (Sleep apne 1is\a ) commen “condition that occurs when you're breathing stops and
restarts rq}hy,’tf tnét\s)«hﬂe you sleep) can affect blood pressure.

Other Fa&ors

Baroreceptors: These are sensory receptors in blood vessels that monitor blood pressure and
send signals to the brain to adjust heart rate and blood vessel constriction.

a. Cardiac Output: This refers to the amount of blood pumped by the heart with each beat, and
itis influenced by heart rate and stroke volume.

b. Total Peripheral Resistance: This is the resistance to blood flow in the blood vessels, and it is
affected by factors like blood vessel diameter and blood viscosity.

¢. Blood Volume: The amount of blood in the circulatory system also impacts blood pressure.
d. Blood Viscosity: The thickness of blood can affect its flow and pressure.

2.18.2 Hypotension

Low blood pressure is a condition in which the force of the blood pushing against the artery walls
is too low. It's also called hypotension. Blood pressure is measured i “k/ i mete\@of( ﬁnﬁrx:ury (mm
Hg). In general, low blood pressureis a readlrg lower than?@jﬁ Hfgy o>

2.18.3 Protection from hypertensaé a/rid Ravd!ac ﬂrublem

To protect yourself from hvpertensmn and:
Look at these cha IR\ W

Hear%i@é& \5\] .

a. Focus on fruits, vegetables, whole grains, and lean protein: These foods are rich in nutrients
and fiber, which can help lower blood pressure and cholesterol.

b. Limit saturated and Tran's fats: These fats can raise LDL cholesterol, increasing the risk of
heart disease.

¢. Reduce sodiumintake: High sodium levels can contribute to high blood pressure.

d. Choose anti-inflammatory foods: Foods like dark green leafy vegetables, orange-colored
vegetables, and legumes can help reduce inflammation, which is linked to heart disease.

dlac problems make significant lifestyle changes.

d

2. Regular Physical Activity

a. Aim for at least 150 minutes of moderate-intensity aerobic activity or 75 minutes of vigorous
activity per week: This could include walking, running, swimming, or dancing.

b. Incorporate strength training exercises: These help build muscle, which can improve overall
metabolism and help manage weight. \

3. Maintain a Healthy Weight N ncaN \J [ JO%

a. Calculate your Body Mass Index (BMI) to determmea, lf"« yeu re at a healthy weight: Being
overweight or obese lnc}easesﬂie rlsk Qf\Qypertensmn and heart disease.

b. Combine ahealthy diet with regular physrcal activity to lose weight and maintain it: This helps
lower blocrd quﬁmré'andtholesterol levels.
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4. Quit Smoking \\ 0

a. Smoking dau{nag? podVesselsand increases the risk of heart attack and stroke: Quitting
smokmg kNé\ e most important steps you can take to improve your heart health.

5. Manage Stress

a. Find healthy ways to manage stress, such as exercise, yoga, meditation, or spending time with

loved ones: Chronic stress can contribute to high blood pressure and other health problems.
b. Get enough sleep: Aim for 7-9 hours of quality sleep per night to allow your body to recover

and manage stress.
2.19 INTERCELLULAR FLUID AND LYMPH

The lymphatic system includes lymph, lymphocytes, lymphatic vessels, lymph nodes, tonsils,
spleen and thymus gland. About one sixth of the body consists of spaces between the cells, which
collectively are called the interstitium. The fluid in these spaces is the interstitial fluid or
intercellular fluid.

2.19.1 Interstitial fluid @
e} \
Formation: The fluid in the interstitium is denved filtration ’ i @gt\h\ capillaries.
r

Composition: Interstitial fluid contain &r};\t r{ts as plasma except for much
lower concentrations of p@( % pass outward through the walls of the
capillaries with ease, \(f ( <-\

Function: T {\ l<ﬂu llows rapid transport of water molecules electrolytes, nutrients,
cellular e a, oxygen, carbon dioxide etc. Materials are exchanged between the blood and

interstitial fluid and between the interstitial fluid and the body cells. In other words, to get from
the blood to body cells or vice versa, materials must pass through the interstitial fluid.

White blood cell
squeezing through

Red blood cells capillary wall Endothelium

Direction
of blood
flow

Movement of oxygen Movement of excreto
and dissolved food waste products !
substances '

\ L)W Interstltlal fluid Tissue cells
\I\’JI%MZ\\]'%R@‘ H@nsmp between a blood capillary, interstitial fluid and tissue cells
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2.19.2 Comparison oﬁm\?ﬁ&g interstitial fluid and lymph

The compaosition of-i - "
fluid is pri er. along < issue cells
with electrolytes sugars, salts, A ) L\ /

acids, hormones, neuro- Lymph
transmitters and cell wall "
products. The tissue fluid that & of i T
had entered the lymphatic \ / ] | spaces
capillaries is called lymph and 4
passes through the lymphatic

vessels back to the bloed. In

addition to water lymph Areriole —=
contains solutes such as ions,
nutrients, gases and some Tissue
proteins, hormones, enzymes e
and waste products. As lymph

moves through the lymphatic | -
system it accumulates more @@m
white blood cells (lymphocytes) @2&3@ |ﬁ% sels

proteins.

Feature AR
A\VAY)

Major \J\_ High potassium, high phosphate, High sodium, high chloride, moderate
Electrolytes |  moderate magnesium, low sodium | potassium, moderate phosphate

Lower concentration of proteins than

Proteins Higher concentration of proteins plasma

White Blood | Significantly higher, particularly
Cells lymphocytes

RedBlood =

Cells - Absent normally

Water High water content High water content

Fat _ Can be high in lymph from the
ats digestive system (chm
ma and

Origin Fluid inside cells
M OF MAN
The lympw ph, lymphocytes, lymphatic vessels, lymph nodes, tonsils,

spleen an

{f,
%‘mf
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2.20.1 Lymph vessel RX{@
Lymphatu: path phatic capillaries. These tiny tubes emerge to form larger

lymphatl ich in turn lead to the collecting ducts that unite with the veins in the
thorax.

a. Lymphatic Capillaries

Lymph capillaries are microscopic, closed-ended tube. See the figure given (Fig: 2.21). They
extend into the spaces within interstitial spaces, forming complex networks that parallel the
networks of blood capillaries. The walls of the lymphatic capillaries, like those of blood
capillaries, consist of a single layer of squamous epithelial cells. This thin wall makes it possible
for interstitial fluid from interstitial spaces to enter the lymphatic capillary. Once the fluid is
inside a lymphatic capillary, it is called lymph. Each villus contains a lymph capillary called
lacteal. The lacteal absorbs fats and other substances from digestive tract.

Tonsils

Cervical lymph node

Right lymphatic du \ Entrance of thoracic duct

N N into subclavian vein
e 029 — Thymus gland

9 7 |25 Axillary lymph node

Paras llymphnodes [/ N l ,r\ A S
Superficial cubital N : ] Thoracic duct
(supratrochlear) lymph nodes = : , \
k. ' Spleen

Cisterna chyli

Aggregated lymphoid nodules |
(Peyer patches) in intestinal wall ————

Red bone marrow

Inguinal lymph node
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Lymphatic vess\_els\&rg f{brmedbymergmg of lymphatic capillaries, have walls similar to those of
veins. Als 1'kb Qé} ,\{{(rhphatic vessels have flap like valves, which help to prevent the backflow
of lymph. Typically, the lymphatic vessels lead to specialized organs called lymph nodes. After

leaving these structures, the vessels merge to form still larger lymphatic trunks.
c. Lymphatic Trunks

~/

b. Lymphatic Vesselsg "

Lymphatic trunks, the drain lymph from relatively larger portions of the body, are named for the
region they serve. The lymphatic trunks then join one of two collecting ducts, the thoracic duct or
the right lymphatic duct. The thoracic duct is the larger and longer of the two collecting ducts. It
receives lymph from the lower body regions, left side, and left side of the head and neck, and
empties into the left subclavian vein near the junction of the left jugular vein. The right
lymphatic duct receives lymph from the right side of the head and the neck, right arm and right
thorax. It empties into the subclavian vein near the junction of the right and jugular vein.

2.20.2 Lymph nodes and spleen
a. Lymph nodes . m@ﬁ\f\}
The lymph nodes are structures located along the\J.ymphaj;l ays-, \ U/

\\ A ) . af ©\O
Functions of lymph nodes: The lymph d/e@.;qngjﬁ\ {@k&e\ s:gmgér oﬁymphocytes. The lymph
nodes act against foreign E? igl;s,/ﬂ%& 'uég biit b/:g"and“v‘ifusesf‘l' he lymph nodes also contain
macrophages, which engu 73 '\d‘ékt@n\y\ orei nsubstances, damaged cells and cellular debris.

\ ‘A —

b. Spleen\m\\L NJ\\U Al
The splec—%;l hglpjs get rid of germs. It contains white blood cells called lymphocytes and

macrophages. These cells work to attack and destroy germs and remove them from the blood that
passes through the spleen. Filters blood by removing cellular waste and getting rid of old or
damaged blood cells. It stores blood and iron for future use. It makes white blood cells and
antibodies that help to fight infection. It maintains the levels of fluid in your body.

- ( STEAM ACTIVITY 2.1 ) ~

When we are active, the heart pumps faster to help bloed move around our bodies more
quickly. As the heart beats and pumps blood around your body, you can feel a slight throbbing
or thumping in some parts where an artery (blood vessel carrying blood from the heart
around the body) comes close to the surface of your skin. This is called your pulse. Your pulse
tells you how fast your heart is beating; this is called your heart rate. The heart rate is
measured in beats per minute, sometimes shortened to BPM.

There are few places pulse can be felt but the two main places yghgfe\.‘thgptgtsléf@;ﬁ\_‘be felt;
the neck and the wrist ety | &2“(’} \ o=~

o~ ALY (-
Neck: Put two fingers of your left handdnﬁo/themde of j;he"s%pdpipe in your throat. Push
down gently and you wilgtﬁﬁk;l,‘you;pult‘séwdt\'\ feels tike a small ‘thump’ (you can feel it going
up and down). It can be a”b’it"'t\p(r‘:kyl to\find; $6 you may have to try moving your fingers around
tofind the right spat(| |\ |\ —
\, _C 1".g\ ltj\ ﬁfﬁﬁ\ll

\J' N \J ~
N >
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(‘Wrist Using the pointer anl;l middle\ﬁngers of your right hand, slide from the base of your left\
thumb (the 1§r|\ Jﬂfthf\your palm) to where your hand meets your wrist. You might need
to move\the ﬁ\gers around until you find the right spot. When you have found the pulse,
count how many times you feel it while timing 30 seconds. Multiply this number by 2 to
calculate your heart rate in beats per minute (BPM).

Pulse Experiment
Material required: Astopwatch, timer or clock with a second hand, Pencil Record sheet.

/

y

on the wrist

Step 1: Begin by findin r resti
heart is beating each mi
down and relax, sl aths.

@ g yﬁiulse This is how fast your

sical activity. Set a timer for one minute. Sit

Step 2 P or 30 seconds and take your pulse on the wrist or neck. Record this
number etable below and multiply it by 2 to calculate your resting heart rate in beats
per minute.

Step 3: Jog on the spot for 30 seconds. Set your timer and take your pulse again for 30
seconds. Record and calculate beats per minute.

Step 4: Rest for one minute to allow your heart rate to slow down again.

Step 5: Continue doing the activities named on the record sheet for 30 seconds, taking your
pulse after each to find BPM. Ensure you take one minute of rest after each time you take
your pulse

Name of the  Length of the = Beats counted in :eazr:;itﬁézfgfét:ﬂf%
activity activity 30 seconds 65 seconds
Sitting 60 seconds X2 = ccmemeeee BP
Jogging on the 1o -\ (C /’“‘ \ ‘ 0
- A ] \\ .1.,’;&‘./
spot 30 seconds . o | \e tal T \Xz, G PM
‘ Stretching 30 (secbnd; f\\ \ 7&‘\\ \{\ (\j\ \J AN XZ S pT—— BPM
\ ~, § s
Running as fast S\RRN VLW
as on the spot 1\ ? e¢0nd§ X2 = -meoooeee BPM
N

J J
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exercs:

Section I: Choice Questions
Select the correct answer:

1. Which one of the following has the thickest wall?

A. right ventricle B. left ventricle C. right atrium D. left atrium
2. The reason why tricuspid and bicuspid valves are closed is

A. ventricular relaxation B. ventricular filling

C. atrial systole D. attempted backflow of blood into the atria
3. Tricuspid valve is present between

A. ventricle and pulmonary artery

B. ventricle and aorta
C. left auricle and left ventricle

D. right auricle and right ventricle @ @@m
o

4. From where does the aorta originaté? @@ W
A. Right ventricle) 2 ; % Right atrium D. Left ventricle
7

5. How many aortic v:

D. 4
6. The epicardium:

A. Is also known as the parietal pericardium.

B. Is a layer of cardiac muscle.

C. Is the visceral pericardium.

D. Lines the heart chambers.

7. The tissue which forms a loose-fitting sac around the heart is the:

A. Visceral pericardium. B. Parietal pericardium.
C. Myocardium. D. Epicardium.
8. The valve between the left ventricle and the blood vessel leaving the left ventricle
is the:
A. Bicuspid valve B. Tricuspid valve
C. Pulmonary semilunar valve D. Aortic semilunar @ m

9. During the period of ejection inth

%E% t ventrlcular valves are
................ . and t

A. closed, closed Kﬁg

C. W D. open, open
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10. The second heartsod‘nd,f described\as 'dupp is actually the sound of the

A. Atria contracHng \BI=N
B.: Ver‘tnuleé centractmg
C. Atnoventncular valves closing
D. Semilunar valves closing

11. Cardiac output is determined by:
A. heart rate B. stroke volume

C. blood flow D. heart rate and stroke volume

12. Which one is the definition of cardiac cycle?
A. The contraction of the atria.
B. Circulation of blood in the heart.
C. The contraction and relaxation of the ventricles.
D. It is sequence of events that occurs during a complete heartbeat.

13. For how long is the cardiac cycle, if the heart rate »15 75 beatsﬁmm? J
A. 0.7 sec B.0.8sec o [\ 0/5‘5&; CAL D<04sec
14. The fluid that passes: ‘tthugh the {mpha
A. flows toward the lu, s, VAL
B. passes ﬂIom .iHe lymphat1c vessels into the arteries
C. éﬂi&éﬁs 'the left ventricle of the heart through the right thoracic duct
D. moves in a single direction toward the heart

lé"'véésél's’

Ve

15. Lymph nodes may be located in the human body in the tissues of the
A. stomach and brain B. groin and neck
C. ventricle and atrium D. thyroid gland and adrenal gland
16. A red blood cell, entering the right side of the heart, passes by or through the
following structures:

1. atrioventricular valve 2. semilunar valve 3. right atrium 4. right ventricle
5. Pulmonary trunk
In which order will the red blood cell passes the structures?

A2 —> 3 — 1 4
B.3 —> 1 —» 4 2
C.3 —> 5 —> 1 2 — 4]
D. 5 — 3 — 1 —o— \& Ao

17. The rhythmic beatmg of cardlac usc em the mammallan heart is initiated by the.
\ B paTasympathet1c nervous system

A. atrio-ventricular node \
C. Purklr)_}é ,tlslee "~ D. sino-atrial node
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18. What produces systohc btood press\are’
A, contractlon qf the nght atnum B. contraction of the right ventricle

G qq;ﬁltréttion of the left atrium D. contraction of the left ventricle
19. Human heart is

A. myogenic B. neurogenic C. cardiogenic D. digenic
20. Pacemaker is situated in heart

A. in the wall of right atrium B. on interauricular septum

C. on interventricular septum D. in the wall of left atrium

Section II: Short Answer Questions
. Why do we have a circulatory system?
. What are the contraction and relaxation of human heart called?
. Where is SA node, AV node, Purkinje fibre, Bundle of His located?
. Why action potentials travel along the Purkinje fibres more rapidly than through other
muscle fibres? o~ ety
. Name the artery supplying blood to the heart N AN
. What is blood pressure? Q) — ‘ \' )
. Why SA node is called pacemaker OK‘ a heaj 7
. What is a cardiac Cycle? O\ “
. What is an art; ﬁal pulse? What is the normal human pulse rate?
10. Wﬁypt;'AV’ node essential for the conduction of cardiac impulse?
11.What are the risks associated with atherosclerosis?
12.Why can you feel your pulse in arteries but not in veins? If there is no pulse in your
veins what pushes the blood in veins back to the heart?
13.Define the term thrombus and differentiate between thrombus and embolus.
14.Identify the factors causing atherosclerosis and arteriosclerosis.
15.List the advantages and disadvantages of coronary bypass.
16.List the changes in the life styles that can protect man from hypertension and
cardiac problems.
17.What is the major feature of human lymphatic system?
18. Justify why blood circulatory system is dependent on the lymphatic system.
19.Interpret why the swelling of the lymph node is cause of concern.
20.Write the differences between:
{a) bicuspid valve and tricuspid valve
{b) systole and diastole
{c) SA node and AV node
(d) P-wave and T-Wave ofECG -
{e) blood cap1llanes and lymph cap1llanes
(f) barorec}gptﬂ |and volume receptor

HwWw N =
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( Section m Ex‘se\nsiVe A“nswer Questions
Draw, label é“?l escnbe \the external structure of human heart.
Desc ﬁél ﬁﬁé\ﬁéw ‘of blood through human heart as regulated by the valves.
Sta\te the phases of heartbeat in man.
Describe the conducting system of human heart.
Explain electrocardiogram with the help of diagram.
Describe the structure of blood vessels in man.
What is the role of precapillary sphincter?
Describe pulmonary circulation and systemic circulation.
Describe hepatic portal system
10.Give an account of blood pressure in man.
11.Compare the rate of blood flow through arteries, arterioles, capillaries, venules and
veins.
12.Explain the following:

¥ N ook NS

a. Principle of angiography r’/(/ \ (O
b. Coronary bypass \( A \ \ }. @}jow -

c. Angioplasty \N //\ fm \ \) \\ \\

’\ \ \j
d. Open heart sur(g}n)\ 0 \\ \\S \ X
13. Explaln hype\l\'Fqnmbr\gh\d\hybﬁensmn What are the factors that regulate blood
\

o\

14.Describe the lymphatic system of man.
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RESPIRATORY SYSTEM OF MAN

-
Students' learning outcomes
After studying this chapter, students will be able to:

1. [B-12-R-01] Define the respiratory surface and list its properties.

. [B-12-R-02] Describe the main structural features and functions of human respiratory system.
. [B-12-R-03] Explain the ventilation mechanism in humans.

. [B-12-R-04] Discuss the transport of oxygen and carbon dioxide through blood.

. [B-12-R-05] Outline the role of respiratory pigments.

. [B-12-R-06] State the causes, symptoms and treatment of upper respiratory tract infections
{sinusitis, otitis media) and lower respiratory infections {pneumonia, pulmonary
tuberculosis).

. [B-12-R-07] Describe the disorders of lungs (emphysema and COPD)

. [B-12-R-08] List the effects of smoking on respiratery system.
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Like other life processes,; ’che resprratlorl\}ﬁmeess also occurs at cellular level and organismic
level. The process of r\ plrathn that occurs at cellular level is also called internal respiration
which is a ic.\ j) cess. It involves the breakdown of complex organic compounds into
simpler mb{ék:u s with the release of energy. On the other hand, the process of respiration that
occurs at organismic level is also called external respiration. It involves the inhaling of oxygen
and exhaling of carbon dioxide. Both the processes are interlinked as the oxygen, required for
cellular respiration, is inhaled from environment while the carbon dioxide which is produced in
cellular respiration, is exhaled into the environment. This chapter deals with various aspects of

respiration.
3.1 PROPERTIES OF RESPIRATORY SURFACE

The area where gaseous exchange with the environment actually takes place is called the

respiratory surface. The respiratory surface must have the following properties so that diffusion

can occur effectively:

e |t must be moist and permeable so that gases can pass through.

# It must be thin, because diffusion is only efficient over distance of 1 mm or less.

e It should possess a large surface area so that sufficient amount of gases can be exchanged
according to the organism’s need. K \“(\

e It should possess a good blood supply. O\l

e There should be a good ventilation mec@msm \nv?'ﬁ &5 FFuswn gradient across
the respiratory surface. \

fﬁﬁm&&«;fsﬁm OF MAN
(IS_

The body sy ‘Wt sponsible for the
exchange g&&b etween body fluid and outer

Nasal cavity -
env1ronm is called respiratory system. Nose Pharynx - Upper
The human respiratory system can be divided {throat) ' respiratory

Larynx tract

into two regions, upper respiratory tract and

& Trachea

lower respiratory tract. Lower

g ' 2 . | respiratol
3.2.1 Upper Respiratory Tract "¢ 1. %= Bronchi | (=SB
The upper respiratory tract includes nostrils, ' ¥
nasal cavity and pharynx.
Nose Fig. 3.1: Human respiratory tract
The nose is only externally visible part of the
respiratory system. Human nose is composed of — ‘
bones, cartilage and fatty tissues. The external S \
openings of nose are called nostrils and the inner oral '“ IV
hollow spaces are called nasal cavities. There cavity /« /-)< ﬂasdpharynx
are two nasal cavities which are partitloned by~ Uxula/ A\ (/ 3\\“7
means of nasal septum (the part of nasal bbﬂe} ~ \{ \gol gws ' FepnS
The anterior parts of na§al cavi;les near\ tt\e\ ) A g\ Laynpopharym
nostrils are called vestibutes whrch CQn‘tzﬁn\ha" ~7 Laymx ‘  \
Both the nostrils and ngfal cavitles are lined by Oesophagus PR
ciliated mUCOHs\mé nes. Fig. 3.2: Human respiratory tract
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Nose hair, mucus and c1ha serVe as a defe}ce mechamsm against the harmful pathogens and
particulate matter presSnt: m the air. The mucus and cilia filter the air and prevent the entry of
foreign pam 'Sth \as“microorganisms, dust and particulate matter inside the respiratory
system. Th@ mucus also helps in moistening the air. Cilia move the trapped substances to the
pharynx for their removal. Underneath the mucous membrane, there are blood capillaries that
help to warm the air to about 30°C, depending upon the external temperature.

Pharynx

Pharynx is cone-shaped passageway leading from the oral and nasal cavities to the esophagus and
larynx. The pharynx is part of the digestive system and also the respiratory system. The human
pharynx is conventionally divided into three sections: the nasopharynx, the oropharynx, and the
laryngopharynx

3.2.2 Lower Respiratory Tract
The lower respiratory tract includes the larynx, trachea, bronchi and lungs.

Larynx

Q)

The larynx is an enlargement in the airway at the top of the tracheq and, bekpw?the pharynx The
larynx is composed primarily of muscles and cartitages. Gng the Cartwlagés\m the epiglottis.
This structure usually stands upnghtcand @lom;a g\r to\enter e Tarynx During swallowing,
however larynx is raised gnd theﬂplglot s, is\ bﬁs‘.seédownwérd As a result, the epiglottis
partially covers the openmg mto the\aryﬁk ' helps to prevent foods and liquids from entering
the air passages. The mng of\thé tarynx is called glottis. It is also lined with mucus membrane.
Inside th j\?’“ﬂ% r'eare fwo vocal cords which are responsible for vocalization.

<
Trakivex b SCIENCE TITBITS
The trachea or windpipe is a | The alveoli of human lungs are lined with a
membranous tube. It consists of dense | surfactant, a film of lipoprotein that lowers the
regular tissue and smooth muscle | surface tension and prevents them from closing.
reinforced with 15-20 C-shaped pieces of | Surfactant also speeds up the transport of oxygen
cartilage. and carbon dioxide between the air and liquid

. . lining the alveolus and helps to kill any bacteria,
Bronchi and bronchioles which reach the alveoli. Surfactant is constantly
The trachea divides to form two smaller | being secreted and reabsorbed in a healthy lung.
tubes called primary bronchi. “
The primary bronchi divide into secondary bronchi within each lung. There are two secondary
bronchi in the left lung and three in the right lung. The secondary bronchi, in turn, give rise to
tertiary bronchi. The bronchi continue to branch, finally giving rise to bronchioles which are less
than 1mm in diameter. The bronchioles also subdivide several times-to bet;ome ev‘en smaller
terminal bronchioles. In the secondary bronchi, the C- shaped, cartllages are replaced with
cartilage plates but the bronchioles and thelr' hermmal branches havb no'cartilage structures.

Alveolar ducts and alveph .

- 'u
N~

A pa

The terminal bronchioles dmde to form a{veolar ducts These alveolar ducts end at tiny air filled
chambers called al]v iwhich-are the sites of gas exchange between the air and the blood. There
are over 70(,0' (hnll bn alveoli present in the lungs.
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The wall of each alveolus 19 only0 1 um thiaix On' - —~
its outsides is de se network of blood '
capillaries- Lmlﬁlg béch ‘alveolus is moist
squamous éblthé{lum This consists of very thin,
flattened cells, reducing the distance over which
diffusion must occur. Collagen and elastin
proteins are also present in their walls which i b
allow the alveoli to expand and recoil easily G 7B
during breathing.

External structure of lungs

Branch of pulmonary artery
Branch of pulmonary vein
Bronchiole

=— Terminal bronchiole

The lungs are the principal organs of respiration. £
Each lung is conical in shape, with its base resting Fig. 3.3: Alveoli
on the diaphragm and its apex extends to a point

just above the clavicle. The right and left lungs

are separated medially by the heart and d

mediastinum, which is the area between the Right lung
lungs. 2
The left lung has two lobes, superior lobe and "\ \E‘»upﬁﬂek\dbd 7
inferior lobe. The left lung shares spage! wrltfﬁhe

heart. The right lung has three lohes\The Ium 20

\ /
is a triangular shaped depresmbh of \both>the " Middle lobe i 1
lungs where the blogjd e$sels and élrways pass
into the YLNW \ungs are spongy due to Inferiorlobe
presenceo eoli,

Inferior lobe

Fig. 3.4: Human lungs

3.3 MECHANISM OF VENTILATION (BREATHING)

The lungs themselves neither draw in air nor push it out. The diaphragm and the intercostal
muscles accomplish the expansion and contraction of the lungs. The diaphragm is a large dome of
skeletal muscle that separates the thoracic cavity from abdominal cavity. There are two sets of
intercostal muscles between each pair of ribs: the external intercostal and the internal
intercostal. The muscle fibres run diagonally but in opposite direction in the two sets of muscles.
Breathing takes place in two phases i.e., inspiration and expiration.

Inspiration: It is taking in of air; it is the active phase of breathing. During inspiration contraction
of the diaphragm causes its dome shape to flatten or less dome shape whereas contraction of the
external intercostal and relaxation of the internal intercostal causes the rib cage to move upward
and forward. Both these events result in increase of inner space of thoracic cavity. Consequently,
the pressure in the thorax and hence in the lungs, is reduced to less than atmosph Fic pressure.
Air therefore enters the lungs and alveoli become inflated. - : )

Expiration: It is the removal of air out-of the lungs, it is the passwe phase of breathmg During
expiration relaxation of the diaphragm calises it to become more dome shape whereas relaxation
of the external lntercostal and Cbni:ractlon bf the internal intercostal cause the rib cage to move
downward and backward. Bqth these events result in decrease of inner space of thoracic cavity.
Consequently, thej pr‘qs@ure il the thorax and hence in the lungs, is increased to more than
atmosphenqé ure, therefore, air is forced to expelled from the lungs.
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. Dunng expiration:

Air

Rib cage

Rib cage moves Qi Rib cage moves -
up and outward - down and inward &=
,v" 7-;‘/ iﬂd’ -
Diaphragm contracts \ T Diaphragm relaxes
and moves down ' and moves up

~ARAL

Pressure in lungs . — Pressure in lungs
dpcreases, and_ _ /7 | - { Y increases, and
air comes rushing in ‘ ) : air pushed out N

Fig. 3.5: Mechanism of breathmg in \@C{\\ (’u\ -/
3.3.1 Control of Breathing (Venulaflbn) \ O\ 0L e

Normally we are not consc'bu.*s ef/gu/ \brea(fngg because 1t IS controlled involuntarily. Abreathing
centre located in the medulla\ of tjwe brain carries out involuntary control of breathing. The
ventral portlon ]\e ﬂeathing centre acts to increase the rate and depth of inspiration and is
called ins \it\oﬁt ntre. The dorsal and lateral portions inhibit inspiration and stimulate
expiration. T hese regions form the expiratory centre.

Through the cerebral cortex it is possible to consciously or unconsciously increase or decrease
the rate and depth of the respiratory movement. A person may also stop breathing voluntarily.
Occasionally people are able to hold their breath until the blood partial pressure of oxygen
declines to a level low enough that they lose consciousness. After consciousness is lost, the
respiratory centre resumes its normal function in automatically controlling respiration. Emotions
acting through the limbic system of the brain can also affect the respiratory centre.

3.4 TRANSPORT OF GASES
Like other materials, respiratory gases are also Redblood 32 Oxygen
transported in various regions of the body by cal @3 fromlungs

means of blood. The blood transports oxygen
from the lungs to different tissues and carbon
dioxide from tissues to the lungs.

3.4.1 Transport of Oxygen in Blood, .

Approximately 97% of oxygen is carned by the réd
blood cells as oxyhaemdglqbin, while\?.% \ig—"

transported as d1ssolve\i]oxygen in the plasma. At o BIEEES
its high part a& \p,re§ re_oxygen binds with

haemoglol;in )

Oxygen released
to tissue cells 3 2

\ ) *);
\

Fig. 3.6: Human lungs
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This binding is reversible tﬁat occurs in| thé\mgs in the presence of enzyme carbonic anhydrase.
Each molecule of haemqglob!n can bindwith four molecules of oxygen to form oxyhaemoglobin.

N} ] N ~ Hb+ 40, Carbonic anhydrase . Hb40,
\
The ab1hty of haemoglobm to bind with oxygen is called oxygen carrying capacity of blood.

r \

SCIENCE TITBITS
The oxygen carrying capacity of blood is directly proportional to the partial pressure of
oxygen (PO,). Maximum oxygen carrying capacity of arterial blood is 20 ml/100 ml of blood
(100% saturated) which is achieved at 100 mmHg Po,. The 5 ml of O, is released to the tissues
by each 100 ml blood. Oxygen carrying capacity is sensitive to a variety of environmental
conditions like rise in body temperature, drop in pH of blood and partial pressures of carbon

dioxide and oxygen.
\ A

e ™\

SCIENCE TITBITS
The amount of haemoglobin is 15 gms/100 ml of blood. Since 1gm Hb can combine with 1.34
ml of O,, therefore 100 ml blood combines with 20 ml O, (100% saturated) Norma{ty each 100
ml of arterial blood contains 19.4 mlL O, (i.e., it is 97% saturated, PO js\ 9'.immblg), while 100
ml of venous blood contains 14.4 ml O (1 eh, ,lt 1&75% satUrated Pol2 is 40mmHg)
\, \ v

3.4.2 Transport of Carborr dloxide\‘n Blocid

Carbon dioxide is t;ans rt -.iﬁ the blood in three main ways: (i) In the form of bicarbonate ions.
(ii) Inthe fornmo‘ﬁc béxyhaemoglobln (ifi) Dissolved in plasma.

() As blcarbonate ions

Approximately 70% of carbon dioxide is carried in the blood as bicarbonate ions. Carbon dioxide
diffuses into the blood, enters the red blood cells and combines with water to form carbonic acid
in the presence of enzyme carbonic anhydrase. The chemical reaction can be depicted as follows:

CO, + H,0 Carbonic anhydrase H,CO,

Carbonic acid, H,CO, is an unstable compound and dissociates to form hydrogen ions and
bicarbonate ions.

H2C03 Carbonic anhydrase H + HCO,.

Accumulation of H' ions increases acidity in the blood, i.e., it leads to the decrease in pH. This
does not occur since haemoglobin buffers the hydrogen formed. The hydrogen ion readily
associates with oxyhaemoglobin (Hb40,) to form haemoglobinic acid (HHb) and oxygen is
released to the tissue. s,

Hb40, + H' > HHb+402

From inside of the erythrocytes negatwely charjged HC()3 1ons dlffus“e to the plasma. This is
balanced by the diffusion of chloride iohs,/ (Cl 5. in) the‘ opposite-direction. This is achieved by
special bicarbonate- chlorlde carrler proteirkthat exist in the RBC membrane. This protein moves
the two ions in opposite- lrectlons ‘maintaining the balance of ions on either side. This is called
the chlonde Shlft qr]-la burger' phenomenon.
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Fig. 3.7: Transport of CO, as bicarbonate ions (a) Transfer of CO, from tissues to blood
(b) Transfer of CO, from blood to lungs.

The chloride ions that enter the RBC combine with potassium (K+) to form potassium chloride,
whereas bicarbonate ions in the blood plasma combine with Na+ to form sodium bicarbonates.
The blood pH is thus maintained at approximately 7.4 by the buffer mechanism that exists in
blood.

Transport of CO, depends on the partial pressure of CO,. The partial pressure of Co, is higher in
tissues than blood so it diffuses into blood here it react with water and transported to the lungs as
bicarbonate ion. In lungs process reverses and bicarbonate ions combine with hydrogen ion to
release carbon dioxide and water.

(II) As carboxyhaemoglobin

of haemoglobln The reaction depends upon the partlal pres ure 0. ) C PC , is higher
. he PCO, is higher in the
blood than tissues as in case of lungs, ¢

(iii) As dissolved CO,

Only 7% of carl @1 d this way. This is rather inefficient way to carry carbon dioxide,
but it doe
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3. 5 ROLL OF RESPIRATORY PIGMENTS

Respiratory pigm ‘JN ﬂé caloured molecules, which act as oxygen carriers by binding reverSIbly
to oxygen»\Al n respiratory pigments contain a coloured non-protein portion e.g., haem in
the haemoglobln The two well-known respiratory pigments are haemoglobin and myoglobln

Haemoglobin

It contains four globin protein chains, each
associated with haem, an iron-containing group.
Iron combines loosely with oxygen and in this way
oxygen 1is carried in the blood. At high oxygen
concentrations, the pigment combines with
oxygen, whereas at low oxygen concentrations
the oxygen is quickly released.

Myoglobin

It consists of one polypeptide chain. This chain is
associated with an iron containing ring structure.
This iron can bind with one molecule of oxygen. _

It is found in skeletal muscles and is the @alpA \\ \ \
reason why meat appears red. It seﬁves’ a§ a\n« \
oﬁf

intermediate compounc@f\or rthe 1:r\an
oxygen from haemogl in| tq aeﬂpbic fhetabollc
processes of ﬁt]t\‘m cells. Myoglobm releases
oxygen art1al pressure of oxygen is
below 20 mmHg In this way it stores oxygen in
resting muscle, only releasing it when supplies of
oxyhaemoglobin have been exhausted.

e~ Fe*

a chain Heme

Fig. 3.9: Myoglobin

Haemoglobln

Myoglobin

It consists of four polypeptide chains.

It consists of one polypeptide chain.

Each molecule possesses four iron
containing haem groups.

Each molecule possesses one iron
containing haem group.

Four oxygen molecules can bind to each
haemoglobin molecule.

Only one oxygen molecule can bmd to
each myoglobin molecule -

= (e

It is found in RBCs. _
It transports oxygen. \

',—/‘

It 1; found |n mu$c.les

It stores exyéen

It has less affinity w1th owgen A\

It has more affinity with oxygen.

It loses owﬂ at! lPé) 60 mmHg

It loses oxygen at PO, 20 mmHg.
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Science, Technology and SOCietyEonnectlons

Describ;'ihe cgrbph’ monox1de poisoning (caused by gas heaters left on overnight in
closed enivironments).

Gases that have undergone incomplete combustion produce CO and toxic fumes (hydrogen
cyanide). In carbon monoxide poisoning caused by gas heaters, left on overnight in closed
environments, CO binds to haemoglobin preventing the uptake of oxygen by haemoglobin.
The symptoms of CO poisoning are nausea, vomiting, headache, mental status changes,
and cherry-red lips. CO binds to haemoglobin with affinity 249 times greater than that of
oxygen. CO poisoning also decreases ability of haemoglobin to release oxygen to tissue.

3.6 RESPIRATORY DISORDERS

Respiratory tract infections are infections of parts of the body involved in breathing such as
sinuses, throat, airways and lungs. The causes of respiratory tract infections can be bacterial,
viral and fungal infections. Factors that increase susceptibility included weakened immune
systems, smoking, air pollution and close contact with the infected mdmduals Jnfectlons can

affect the upper respiratory tract or the lower resplratory tract . r"'-x/,;j_\,\ \ (C O M\

\ ~ N\ N | o \ ,\— =
3.6.1 Upper Respiratory Tract Infectlop '. \\ O \ [ (&F
The infections of the uppqrfeSplrata(y tracK"y lude sﬁ‘tusitls’ etc J

Sinusitis L\

Sinusitis i ls\a}%t %M\Jon of the nasal sinuses that may be acute (symptoms last 2 - 8 weeks) or
chronic ( oms last much longer). The sinuses are holes in the skull between the facial bones.
Cause: 5Sinusitis is generally caused by cold and wet climate. Atmospheric pollution, smoke, dust,
overcrowding, dental infections, viral infections etc., also cause sinusitis.

Symptoms: Fever, nasal obstruction, raspy voice, pus-like nasal discharge, loss of sense of smell,
facial pain or headache that is sometimes aggravated by bending over.

Treatment: If a bacterial infection is present, antibiotics or sulpha drugs are usually prescribed.
Beside it the physician may also prescribe nebulization which can be useful in reducing
inflammation in the sinuses and nose and to accelerate recovery.

Otitis media

Otitis media is inflammation or infection located in the middle ear.
Causes: Middle earinfections are usually a result of a malfunction of the eustachian tube. When
this tube is not working properly, it prevents normal drainage of fluid from the middle ear, causing
a buildup of fluid behind the eardrum. When this fluid cannot drain, it allows for the growth of
bacteria and viruses in the ear that can lead to acute otitis medta 'The followmg are'some of the
reasons: (i) A cold or allergy which can leadto sweumg and congestionof the lining of the nose,
throat, and eustachian tube (this swelllng preVents the nOrmal dTamage of fluids from the ear) (ii)
Amalformation of the eustadhmrrjube \
Symptoms: The fOllO\A(I g are the most common symptoms of otitis media. However, each child
may experlejr’xce qum toms differently. Symptoms may include: (a) unusual irritability
\

NN
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(b) Difficulty sleeping or staying(asleep (t\l'uggmg or pulhng at one or both ears. (d) Fever,
especially in infants an youhger children (e) Fluid draining from ear(s) (f) Loss of balance (g)
Hearing dlfﬁcuiuﬁ-ﬂ (h) rpain.

TreatmentJ }t may include: (a) Antibiotic medication by mouth or ear drops (b) Medication (for
pain and fever) (d) Acombination of the above.

3.6.2 Lower Respiratory Tract Infection

The infections of lower respiratory tract include, pulmonary tuberculosis etc.

Pneumonia

Pneumonia

Pneumonia is an infection that inflames the air sacs in  Fluid and blood | |

one or both lungs. The air sacs may fill with fluid or pus, "™ 2"

causing cough with phlegm or pus, fever, chills, and

difficulty breathing.

Causes: A variety of organisms, including bacteria,

viruses and fungi, can cause pneumonia.

Symptoms: These may include: {a} Chest pain when you

breathe or cough (b) Confusion or changes in mentaL‘I 270 ‘ el ey

awareness (in adults age 65 and older; (c) (fellghhwhlch \§! ) | Fig. 3.10: Pneumonia

may produce phlegm (d) ﬁaugue j,e}FeVer‘ sweatm \and— - -

shaking chills. {f) Lower than normal body\emperature (in adults older than age 65 and people

withweak immune sysﬁng) (g) Nausea vomiting or diarrhea (h) Shortness of breath.

Treatment: \Jﬁrjﬁlt\"é\atments may include:

1. Antibi%tics Pneumonia caused by bacteria is treated with an antibiotic.

2.  Antifungal medications: Antifungal can treat pneumonia caused by a fungal infection.

3. Antiviral medications: Viral pneumonia usually isn't treated with medication and can go
away on its own.

4. Draining of fluids: If you have a lot of fluid between your lungs and chest wall (pleural
effusion), a physician may drain it. This is done with a catheter or surgery.

ﬁ"*’*ﬁf%‘ O\

Pulmonary Tuberculosis

Pulmonary Tuberculosis (TB) is a highly contagious chronic bacterial infection of lungs. When
people have pulmonary tuberculosis, the alveoli burst and are replaced by inelastic connective
tissue. The cells of the lung tissue build a protective capsule around the bacilli and isolate them
from rest of the body. This tiny capsule is called tubercle. The tubercles can rupture, releasing
bacteria that infect other parts of the lung.
Cause: Pulmonary tuberculosis is caused by Mycobacterium tuberculosis. A0
Symptoms: There is a low-grade intermittent fever usually in the;eVemng, mght swe‘ats, weight
loss, anorexia, depression, weakness and dry, cough with sputum dul‘f/ache in the chest due to
Inflammation of the pleura of the lungs 7 \ )
Treatment: Taking medlcmes for, 9 menthS\(egularly can cure T B dlsease This is called Daily
Observed Treatment S r‘t Cour!.e (DOTS) This treatment is given to patients under supervision
toensure thali thp j‘m cines intake” completely cures the patient.

\ \j ‘

.\;\
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The spread of pu Jm LI’lieqryTB" can be controlled by some preventive measures like:

Livin rppm dbe well ventilated and bright.

Always cover the mouth with cloth during coughing and sneezing.

Avoid spitting openly.

Always burry or burn the sputum of patient.

The patients should spit in a utensil with lime powder to prevent the spread of disease.
The use of masks and other respiratory isolation procedures to prevent spread to medical
s personal is also important. )

3.6.3 Disorders of lungs Healthy Emphysema

s

There are many disorders that affect lungs. Emphysema
and COPD are two common examples of disorders of lungs.

Emphysema

Emphysema is a lung disease that results from
damage to the walls of the alveoli in the
lungs. A blockage (obstruction) may develop,
which traps air inside the lungs. With fewgfg )
alveoli, less oxygen moves 1nto yqur‘x, ,
bloodstream. ; \ \

Alveolar membranes
break down

» F1g 3.11: Emphysema

Causes: Smokmg i he al ‘c'ause of emphysema There are other causes. These include: (a)
Marijuana-( Y Q\Ahd é-cigarettes (c) Cigar smoke. (d) Air pollution. (e) Dust.

Symptomﬁ: These include: (a) Long-term coughing (smoker’s cough).(b) Wheezing. (c) Shortness
of breath, especially during light exercise like climbing steps.(d) Constant feeling of not being
able to get enough air. {e) Tightness in the chest. (f) Increased mucus production. (g) Abnormal
mucus color (yellow or green). (h) Ongoing fatigue. (i) Heart problems.

Treatment: Treatment options may include: (a) Quitting smoking. (b) Bronchodilators (¢} Inhaled
and oral corticosteroids (d) Antibiotics (e) Anti-inflammatory medications.

Chronic obstructive pulmonary disease (COPD)

Chronic cbstructive pulmeonary disease (COPD) is
the name for a group of lung conditions that cause
breathing difficulties. It includes: (a) emphysema -
damage to the air sacs in the lungs (b) chronic
bronchitis - long-term inflammation of the airways
Causes: COPD happens when the lungs become
inflamed, damaged and narrowed. The main cause
is smoking. Some cases of COPD are caused by,
long-term exposure to harmful fumes orCdust: \(
Others are the result of a rare genetm ﬁroble
that makes the lungs moréwlnerable to, darhage
Symptoms: The main s mptoms of COPD are: {(a) shortness of breath, (b) a persistent chesty
cough, w1th Rhtqgljn (c) frequent chest infections (d) persistent wheezing

Ith Effected lungs
Fig. 3. 12 Effects of smoking on lungs
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Treatment: Treatments 1nc1ude (a) stOppT@smokmg (b) inhalers and medicines - to help make
breathing easier (c)- lmonary rehabilitation -a specialized programmed of exercise and
education (d)J squéry ora lung transplant- although this is only an option for a very small number
of people

3.

6.4 Effects of smoking

The effects of smoking on respiratory system
are:
1. Cigarette smoking causes about 87% of &
lung cancer.
2. Besides lung cancer, cigarette smoking is
also a major cause of cancer of the mouth, Weak bones
larynx and esophagus.
3. Cigarette smoking causes other lung
diseases e.g., chronic bronchitis,
emphysema.
4, Cigarette smokes contain chemicals which . B
- rointestinal

| Disease
\
J

irritate the air passages and lungs, causing

early morning cough. i
Smokers are likely to get pneumonia \\ T\ O \ | |
because damaged or destroyed cﬂ.ia RN\

cannot protect lungs( frpmwbaf:teria @ﬁqg \\ ;;\_; F1g 3.13: Effects of smoking

viruses that ﬂoat in theair, \ )

Almost lmm 5 c;\)Ismc»kn‘\g can make it hard to breathe. Within a short time, it can also
worseu%q h naand allergies

l \"
|

) [ )

Science, Technology and Society Connections

Mouth to mouth artificial respiration. (Cardiopulmonary Resuscitation (CPR)

Mouth to mouth artificial respiration is called resuscitation. It is a technique used to recover
a person who has stopped breathing. In this technique, the rescuer presses his or her mouth
against the mouth of the victim and allowing for passive inhalation, forces air into the lungs
at intervals of several seconds.

/
NI
a2k |
4
What to do: N oY/ (edo
1. Stretch out victim on his back and kneel cloSe to his s1dea Loosen any tight clothing
around his neck or chest\ _ QR A
m\nctim ‘s mouth and throat by finger sweeping.

2. Remove foreign obJects 1f pfesent fro
3. Lift up chin T}d tl F head backas far as possible. If the head is not tilted, the tongue may
block the th at)

>
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4. Begin the resusc1tatlon "I.mmedlately Plnch the nostrils together with the thumb and

index finger. tné hand that is pressing on the victim's forehead. This prevents the loss of
air throth ﬁb nose during resuscitation.

Inhale deeply.

Place your mouth tightly around the victim's mouth (over mouth and nose of small
children} and blow into the air passage with brief intervals. Continue this activity so long
as there is any pulse or heartbeat.

7. Watch the victim's chest. When you see it rise, stop blowing, raise your mouth, turn your

head to the side and listen for exhalation.

8. If patient is revived, keep him warm and do not move him until the doctor arrives, or at

least for half or one hour.

7

(STEAM ACTIVITY 3.1 )

a. How to measure your respiratory rate
Your respiratory rate is also known as your breathing rate. This is the number of breaths you

take per minute. A
You can measure your breathing rate by countmg the num»ber of- bfeaths”ydujtake over the
course of one minute while you are at rest. A Nant 2R\ N | (oo

Toget an accurate measurement: Q. \RRR! \ |
1. Sitdownand try to relax) ~\ V¢ SR\
2. It's best to take your respirafory rate %\ﬂe Slttlng upinachairorinbed.
3. Measure your breaﬂ'nng rateby countlng the number of times your chest or abdomen rises
over thecoqrse Sforfe minute.
k4' Recokt‘:l isnumber,

EXERCISE

Section |: Multiple Choice Questions
Select the correct answer:

1. When blood leaves the capillary bed most of the carbon dioxide is in the form of

A. carbonate ions B. bicarbonate ions
C. hydrogen ions D. hydroxyl ions
2. When you inhale, the diaphragm
A. relaxes and moves upward B. relaxes and moves downward
C. contracts and moves upward D. contracts and moves downward

3. With which other system do specialised respiratory systems most, closety inlierface in
exchanging gases between the cells and the enwronment? ol

A. the skin G By the ex<:retory systén\m g
C. the circulatory system —~ \¥ ,‘\the ‘muscular system

4. Which of the followmg ls the resp\ratory surface in human respiratory system:
A. larynx, [ J | ; B. trachea
C. broﬂéh{ ' ‘ D. alveoli
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5. How is most of the bxygen rtransporte\d m tl’(e blood?
A. dissolved in pLHsm \BA B. bound to haemogloibin

C. @s bj?érpﬁn e - D. dissolved in water
6. The la‘téral walls of the chest cavity of man are composed of the:
A. ribs B. intercostal muscles
C. ribs and intercostal muscles D. ribs, intercostal muscles and diaphragm

7. Which of the following factors is the most effective in accelerating the rate of
breathing in man?
A. a lack of oxygen in the blood B. a lack of oxygen in the tissues
C. an excess of carbon dioxide in the lungs D. an excess of carbon dioxide in the blood
8. Which of the following changes will increase the body’s rate of carbon dioxide excreticn
into the alveoli?
A. holding the breath
B. the breakdown of alveolar tissue as a result of disease
C. a decrease in the partial pressure of carbon dioxide in the alveolar air

D. a decrease in the pulmonary circulation - /?jr{/“\J
9. Breathing is an example of % ) ‘\r K.;; ‘ m\t\ 4
A. counter current exchange 0\ - ) \B”fqéuuggr\ifesbﬁa lon
C.ventilation "\ _~ | v } p\\d)ffﬁsmn
10. Which sequence mpst aqcil(ately describes the sequence of airflow in the human
resplrato Wg\d AR
1. Kﬂy\\ bronch 3.trachea 4 larynx 5.alveolus 6.bronchiole
A.4,1,3,2,5,6 B.1,4,3,2,5,6
C.41,3,2,6,5 D.1,4,3,2,6,5

11. Which one of the following changes takes place during inspiration?
A. Decrease in thoracic cavity
B. Relaxation in diaphragm
C. Relaxation in external intercostal muscles

D. Sternum moves towards ventral and anterior direction
12. The volume of air that can be exhaled after normal exhalation is the

A. tidal volume B. residual volume
C. inspiratory reserve volume D. expiratory reserve volume
13. Hemoglobin

A. combine reversely with only oxygen  C. attach to U{e abteotar WE\
B. all have four heme group ) D) none of them. f L=

14. The maximum volume of 3.1[/COI"Ital 7'e in the \tung by a fulI forced inhalation is
called o\ “, ()

A. Tidal Voll,!m?\“ \B

AU . B.iV1tal capacity
C. Vesnﬁlwon rate D. Total lung capacity
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15. Dissociation of O, from"‘.,‘owhaemogiabln is fac1lutated by:

A. decreased temperature ' —

16. Which of these correctly orders the structures through which air passes during
inhalation?

A. pharynx — trachea — larynx — bronchi
B. pharynx — larynx — trachea — bronchi
C. larynx — pharynx — bronchi — trachea
D. larynx — pharynx — trachea — bronchi
17. The pharynx is also known as the:
A. windpipe B. trachea
C. voice box D. throat
18. What is the correct path air takes when it enters the trachea on its way to the lungs?
A. bronchi /bronchioles /pulmonary capillaries/ alveoli
B. bronchioles/ bronchi/ alveoli/ pulmonary capillaries = =\\¢
C. bronchi / pulmonary capillaries/alveoli/-bronchiotes| | &/(, \ oo -
D. bronchi /bronchioles/alveoli 7\ puﬁ-noyrary Capﬂtaries
19. Which of the follomngafc’orrect\fo{ the paﬁlal pressure of oxygen in alveoli?
A. less than ca{lf)on dio "1_de e?
B. l.egf @?\M (ood
C. H e than the blood
D. equal to that of the blood
20. Which of the following is the respiratory surface in human respiratory system:

A. larynx B. trachea
C. bronchi D. alveoli

B. decreases H’
D. exercise

Section ll: Short Answer Questions

What is respiratory surface? Write the properties of respiratory surface.
What organs constitute the respiratory system?

How nose and nasal cavity function in filtering the incoming air?
What is the role of ‘pharynx’ in human respiration?

Describe function of human larynx.

Describe the structure and function of alveoli.

How the contraction and relaxation of human lungs take place’
What is chloride shift? ~Q\/ IHZA ‘
What are the advantages of havmg [m1lllons of alveoh rathett than a palr of SImple
balloon like lungs? \ Wl = L

10.Write the differences beMeen
(a) Internal and external resplratlon
(b) Up er qr}dgdWer respiratory tract
(c) Br hchi-and bronchioles

10 o LGN U1 o T N S
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(d) Oxyhaemoglobin, and“earboxyhaémoglobm
(e) Haemoglobl\ and, myoglobin -

1.List i;h&?fﬁgqtﬁ f-smoking.

\ J\\
Section lll: Extensive Answer Questions

1.Describe the human upper respiratory tract.
2.Describe the human lower respiratory tract.
3.Describe the mechanism of breathing in man.
4.How the control of breathing takes place?
5.Explain the transport of oxygen in blood.
6.Explain the transport of carbon dioxide in blood.
7.What is the role of respiratory pigments in man?
8.Describe the cause, symptoms and treatments of:

(a) Sinusitis

(b) Otitis media

(c) Pneumonia

(d) Pulmonary tuberculosis

(e) Emphysema SO

(f) Chronic obstructive pulmonary dlsease\{(IOPD} f{ﬁ \l 15 6 /Jop =/
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