Introduction to
Digestive System

B> = eeaagd s

H INTRODUCTION

K MUCUS LAYER
m SUBMUCUS LAYER
B MUSCULAR LAYER

B FUNCTION/AL ANATOMY
B WALL OF GASTROINTESTINAL TRACT

B SEROUS OR FIBROUS LAYER

B NERVE SUPPLY TO GASTROINTESTINAL TRACT
B INTRINSIC NERVE SUPPLY
m  EXTRINSIC NERVE SUPPLY

i /H INTRODUCTION

Digestion is defined as the process by which food is
broken down into simple chemical substances that can

£, Digestion of the food particles
6. Absorption of the digestive products (nutrients)
7. Removal of unwarted substances from the body.

be absorbed and used as nutrients by the bOdLMOSlJPUJﬁCTIONAL ANATOMY OF

of the substances in the diet cannot be utilized as such.
These substances must be broken into smaller particles,
so that they can be absorbed into blood and distributed
to various parts of the body for utilization. Digestive
system is responsibie for these functions.

Digestive process is accomplished by mechanical
and enzymatic ‘breakdown of food into simpler chemi-
cal compounds. A normal young healthy adult consumes
about 1 kg of solid diet and about 1 to 2 liter of liquid
diet every day. All these food materials are subjected to
digeslive process, before being absorbed into blood ard

. distributed to the tissues of the body. Digestive system
plays the major rcle in the digestion and absorption of
food substances. .

Thus, the functions of digestive system include:

1. Ingestion or consunption of food substances
2. Breaking them into small particles
3. Transport of small particles to different areas of the

digestive tract
4. Secretion of necessary enzymes and other subs-

tances for digestion

DIGESTIVE SYSTEM

Digestive system is made up of gastrointestinal tract
(Gl tract) or alimentary canal and accessory organs,
which help in the process of digestion and absorption
(Fig. 36.1). Gl tract is a tubular structure extending from
the mouth up to anus, with a length of about 30 feet. It
opens to the external environment on both ends.
Gl tract is formed by two types of organs:
1. Primary digestive organs.
2. Accessory digestive organs. .

- 1
Mmary Digestive Organs

Primary digestive organs are the organs where actual

digestion takes place,
Primary digestive organs are:

i. Mouth

il. Pharynx
ili. Esophagus
Iv... Stomach

o
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Accensory digestive organy are

those which help prim.
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A Epithaliul Lining

1 Tg:&asary digestive organg are; Eplthellal lining i3 in contact #ith the contents of 31 trazy
H-m‘ﬁn: The type of calls in this layer varies in d:!fr;r.r:.":t‘ parts ‘rﬁ
lil, Sa l Gl lract. The inner surface of mouth, aurfzce of -.lr.'f-',;f.-';
Iv. Exoeri Inner surface of pharynz and esophagus have e
v T'_"wer'"DE E[.’IEPLPEE?_S?. squamous apithgliar calls, However, mucus memtbrane

e - - N irtmetim e
vi_Gallbladder lining the other parts such as stomach, smz!l intestine
0 hadder.

\/‘ and large intesline has colurenar epitnelial celis.
WALL OF GASTROINTESTINAL TRACT Lamina Propria
In general, wall of the Gl tract is for

which are from inside ou: madby: fow layers Lamina propria is formeg by connective Nissuszs which
1. Mucus layer zozilsln hf;lbrobiasts. macrophages, lymphocytes znd
2. Submucus layer osinophils,
3. Muscular layer
4, Serous or fbrous layer, Muscutaris Mucosa
Muscuiaris mucosa layer consists of 2 thin layer of
B 1, MUCUS LAYER

smooth muscle fibers. Itis absent in mouth snd pharyny.
It
layer of the wall of G| Is present from esophagus onwards.
stinal mucosa or mucus

Mucus layer s the Innermost
tract. Itis also called gastrainte

N2,
membrane, It faces the cavity of Gl tract, % SUBMUCUS LAYER
Submucus layjer is also present in ail parts of Gl tract,
P ™ except the mouth and pharynx. It contains loose collzagen

fibers, elastic fibers, relicular fibers and fow cells of

connective tissue. Blood vessels, lympnatic vessels and

P e, Salivary nerve plexus are present in this layer.
MOUU'I fmmem—— ‘__.' ------- glands
ey B 3. MUSCULAR LAYER
. t

e : Muscular layer in lips, cheeks and wall of pharynx
S contains skeletal muscle fibers: The esophaous has both
b tkeletal and smooth muscle fibers. Wall of the stomach

- f and intestine is formed bv smooth muscle fibers.
504 = Smooth muscle fibers in stomach are arrangad in

4 ; three layers:

Gallblander

2 = ol B
]

Il Inrier oblique layer

Liver..' ’/_,,.- i, AR

5 . Middle circular layer
e > iil. Outer longitudinai layer,
Trans-rerse S % Sinooth muscle fibers in the intestine are arranged
J:?uzr:nn ------.E-- ot | colon in lw?l?_';" S
seondl LB mm i lleum - Inner circular layer
Ahcer;g:fg B 7~ -=== Palvic il. Outer longitudinal layer.
Ap;?andjx »~--1§¥--- : colon Auerbach nerve plexus is present in batween the
- M N - Reclum circular and longitudinal r‘nusclelﬂbers. The smooth
‘\\ Anus muscle fibers present in inner circular layer of anal

canal constitute internal anal sphincter, The external
anal sphincter s formed by skeletal muscle fibers,
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B 4, SEROUS OR FIBROUS LAYER

Dutermost layer of the wall of Gl tract Is ellher serous or
librous in nature. The serous layer is also called soross
or serous membrane and il is formed by conneclive
flssug and mesoepithelial cells. It covers stomach, small
intestine and large intestine. > |

- The fibrous layer is otherwise called fibrosa and Il
is formed by cannective tissue, It covers pharynx and
esophagus q

B NERVE SUPPLY TO
GASTROINTESTINAL TRACT

Gl tract has two types of nerve supply:*
I Intrinsic nerve supply :
Il. Extrinsic nerve supply.

<

B INTRINSIC NERVE SUPPLY -
ENTERIC NERVOUS SY3TEM

Intrinsic nerves to Gl tract form the ‘enteric nervous
system that controls ail the secretions &nd movements
of Gl tract, Enleric nervous syste.n is present within the
wall of Gl tract from esophagus to anus. Nerve fibers
of lnis system are interconnected and form two major
nelworks called :

1 Auerbach plerus

2. Meissner plexus. _

These nerve plexus contain nerve cell bodies,
processes of nerve cells and the receptors. The recep-
tors in the Gl tract are stretch receptors and chemo-
receptors. Enteric nervous system is controlled by
extrinsic nerves. -

1, Auerbach Plexus

Auerbach plexus is also known as my'enteric nerve
plexus. Itis present in between the inner circular ruscle
layer and the outer longitudinal muscle Iay:ar (Fig. 36.2).

Functions of Auerbach plexus ;

Major function of this plexus is to regulate the move-
renls of Gl tract. Some nerve fibers of this plexus
-accelerate the movements DY secreting the exaitatory
neurotransmitter substances like acetylcholine; sero-
lonin and substance P. Other fibers of this plexus
inhibit the GI motility by secreting the inhibitory neuro-
transmitters such as vasoactive intestina;_._polypeptide
(VIP), neurctensin and.enkephalin. :
: v

- 2. Meissner Nerve Plexus .
Meissner plexus is otherwise called submucus rerve
plexus. ILis situated in between the muscular layer and

submucosal layer of Gl tract

Chapter 36 4 Introduction lo Digostive System 221

fuerbach__ /£

plexus gitudinal

muscle
+-Circular muscle

-- Submucasa

Meissner Mucasa

plexus
---------- tMesenlery

FIGURE 36.2: Structure of intestinal wall with
inlrinsic nerve plexus

Functions of Meissner plexus

I'unction of Meissner plexus is the regulaticn of
cecretory functions of Gl tract. These nerve fibers cause
conslriction of blood vessels of Gl tract.

n EXTRINSIC NERVE SUPPLY

Extrinsic nerves that control the enteric nervous sysiem
are {rom autonomic nervous system. Both sympathetic
and parasympathatic divisiens of autonomic nenvous
system innervate the Gl tract (Fig. 36.3).

Sympathetic Nerve Fibers

Preganglionic sympathetic nerve fibers to GI tract arise
from lateral horns of spinal cord between fifth thoracic
and second lumbar segments (TS to L2). From here, the
fibers leave the spinal cord, pass through the ganglia of
sympathetic chain without having any synapse and then
terminate in the celiac and mesenteric ganglia. The
postganglionic fibers from these ganglia are distributed
throughout the Gl tract,

Functions of sympathetic nerve fibers

Sympathetic nerve fibers inhibit the movements:
and decrease the secrel.ons of Gl tract by secreting
the neurotrarsmitter noradrenaline. It also causes

constriction of sphincters.

Parasympathetic Nerve Fibers

parasympaihetic nerve fibers to Gl tract pass through
some of the cranial nerves and sacral nerves, The pre-
ganglionic and postgar.3lionic parasympathetic nerve
fibers to mouth and salivary glands pass through facial

and glossopharyngeal nerves.
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FUNCTIONS OF MOUTH
SALIVARY GLANDS

FUNCTIONS OF SALIVA

DEEEHEHEIEE

APPLIED PHYSIOLOGY

FUNCTIONAL ANATOMY OF MOUTH

PROPERT!ES AND COMPOSITION OF SALIVA

REGULATIOM OF SALIVARY SECRETION
EFFECT OF DRUGS AND CHEMICALS ON SALIVARY SECRETION

J}H/FUNCTIONAL ANATOMY OF MOUTH

Mouth is otherwise known as oral cavily or buccal
cavity. Itis formed by cheeks, lips and palate. It encloses
the teeth, tongue ard salivary glands. Mouth opens
anteriorly to the exterior through lips and posteriorly
through fauces into the pharynx.

Digestive juice present in the mouth is saliva, which

is secreted by the salivary glands.

o
}/FUNCTIONS OF MOUTH
: Primary function of mouth is ealing and it has few other

impoitant functions also.
Functions of mouth include:

1. Ingestion of food materials

9. Chewing the food and mixing it with saliva
. 3. Appreciation of taste of the food

4 Transfer of food (bolus) to the esophagus by
~ swallowing ; .
Role in speech

Social functions such as smiling and other

expressions.

e
_Br"SALIVARY GLANDS

In humans, the saliva is secreted b
(larger) salivary glands and some minor

glands.

o o

y three pairs of major
(small) salivary

—

moﬂ SALIVARY GLANDS

Major glands are:
1, Farotid glands
2. Submaxillary or submandibular glands

3. Sublingual glands.

4. Parotid Glands

Parotid glands are the largest of all salivary glands,
situated at the side of the 1ace just below and in front of
the ear. Each gland weighs about 20 to 30 9 in adults.
Secretions from these glands are emptied into the oral
cavity by Stensen duct. This duct is about 35 mm to 40
mm long and opens inside the cheek against the upper

second molar tooth (Fig. 37.1).

2. Submaxillary Glands

Submaxillary glenis or submandibular glands are
located in submaxilary triangle, medial to mandible.
Each gland weighs cbout 8 t0 10 g. Saliva from these
glands is emptied into the oral cavity by Wharton duct,
which is about 40 mm long. The duct opens at the side
of frenulum of tongue, by means of a small opening N
the summit of papilla called caruncula sublingualis.
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226 Section 4 ¢ Digestive System

dr‘_ssc-.'ved substances can stimulate the taste buds The

Slimulated taste buds recognize the tasie.

s DIGESTIVE FUNCTION

Saliva has three digestive enzymes, namely saliva
amylase, maitase angd lingual lipase (Table 37, 1).

Selivary am Vias e

Salivaryamyfasefs a
Enzyme. It acts on ¢

carbohydrate-di
ooked or boiled

“t rzto.dextrin and ma.'.tose. Though starch digestion Mouth 3,
;_a s in I:?E mouth, major part of it oceurs in stomach  lips, saliva helps in speech. If the mouth becomes drI:
ecause, food stays only for a short time in the mouth, articulation and pronunciation becomes difficult, '

Optimum PH nec
amylase is 6, Saliva

Maltase

Maltase js present on
converts maltose into

Y in traces in human saliva and |
glucose,

Lingual Lipase

lLingua.' lipase is a ﬁpid-d:’gesﬁng (
IS secreted from seroys glands situ
aspect of tongue. |t digests milk
fats). i hydrolyzes triglycerides
diacyiglycerol (Table 37.2).

fats (pre-emulsified
into fatty acids and

4. CLEANSING AND PROTECTIVE FUNCTIONS

. Due to the constant secretion of saliva, the
mouth and teeth are rinsed and kept free off
food debris, shed epithelial cells and foreign
particles. In this way, saliva prevents bacterial
growth by removing materials, which may serve
as culture media for the bacterial growih.,

ii. Enzyme lysozyme of saliva kills some bacteria
such as staphylococeus, Streptococeiis and
brucella.

iii. Proline-rich proteins present in saliva posses
antimicrobial property and neutralize the toxic
substances such as tannins. Tannins are present

-in many food substances including fruits.

y gland
Major salivary glands ¥
Lingual glands

Salivary amylase
Mallase

!

i Lingual lipase

i
gesting (amylolytic) B-ROLE IN SP ECH
starch and converts DLEINSRE

€ssary for the activation of salivary
Y @mylase cannot act on celiulose, _ & EXCRETORY FUNCTION

lipolytic) enzyme, |t
ated on the posterior

(#

iv. Lactoferrin of saliva
pioj erty.
V. Praline-rich proteins ang lactoferrin
teath by stimulating enamey fo"malio:m"*:
vl. Immunoglobulin  IgA in saliva .
antibacterial and antiviral actions.
vil. Mucin present in the saliva

pres protects fhe
by Iubricating the mucus membrane of mg

also
Nag aﬁ{_}

ry dlgyg

0
e

U'“L.

By moistening and lubricating sofi parts of

Many substances, both organic and inorganic, are
excreted in saliva. It excretes substances like mercury,
potassium iodide, lead, and thiocyanate. Saliva also
excretes some viruses such as those causing rabies
and mumps.

In some pathological conditions, saliva axcretes
certain substances, which are not found in saliva under
normal conditions. Example is glucose in diabetes
mellitus. In certain conditions, some of the normal
constituents of saliva are excreted in large quantities.
For example, exvess urea is excreted in saliva during
nephritis and excess calcium is excreted during

hyperparathyroidism,

t

4
. /8 REGULATION OF BODY TEMPERATURE

In dogs and cattle, excessive dripping of saliva during
panting helps in the Iass of heat and regulation of body
temperature. However, in human beings, sweat glands
play a major role in temperature regulation and saliva
does not play any role in this function.

/REGULATION OF WATER BALANCE

When the body water content decreases, salivary secre-
tion also decreases. This causes dryness of the mouth
and induces thirst. When water is taken, it quenches the
thirst and restores the body water content.

Convers siarch into maltose

'"Convertsimaltoseinto glucose

Converts triglycerides of milk fat inlo falty
acids and diacylglycerol
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W REGULATION OF SALIVARY SECRETION

Salvary secrelion is requlated only jy nervous mech-
anism _Autonomnc nervous system is involved in the
requlation of salivary secretion

B NERVE SUPPLY TO SALIVARY? GLANDS

Salivary glands are supplied by both parasympathetic
and sympathetic divisions of autonomic nenvous system.

B PARASYMPATHETIC FlBERS

1
Parasympathetic Fibers to Submandibular
and Sublingual Glands

Parasympathetic preganglionic fiLers to submandibular
and sublingual glands arise from the syperior salivatory
nucleus, situatec in pons. After taking, origin from this
nucleus, the preganglionic fibers runythrough nervus
intermedius of Wrisberg, geniculate ganglion, 'he motor
fibers of facial nerve, chorda tympani granch of facial
nerve and lingual branch of trigeminal nerve and finally
reach the submaxillary ganglion (Fig. 37.4).

Postganglionic fibers arising from- this ganglion
supply the submexillary and sublingual glands.

Parasympathetic Fibers to Parotid Gland

- b ;
Parasympathetic preganglionic fibers to parotid ‘gland
arise from inferior salivatory nucleus I‘s;ituated in the
upper part of medulla oblongata. From here, the fibers

(

i
i
i

Chapter 37 4 Mouth and Salivary Glands 227

pass lhrout ipaniz branch of glossopharyngesl
nerve, tym: us and lesser petrosal nerve and
end In otic (g, 37.5).

Postganglionic fibers arise from this ganglion and
supply the parotid gland by passing through auriculo-
temporal branch in mandioular division of trigeniinal
neive.

Functlon of Parasymy.athotic Fibers

Stimulation of parasympathetic fibers of salivary glands
causes secretion of saliva with large quantity of water.
It is because the parasympathetic fibers activate the
acinar cells and dilate the blood vessels of salivary
glands. However, the amount of organic constituents in
saliva is less. The neurotransmitter is acetylcholine.

B SYMPATHETIC FIBERS

Sympathetic preganglionic fibers to salivary glands
arise from the lateral horns of first and second thoracic
segments of spinal cord. The ficers leave the cord
throuyh the anterior nerve roots and end in superior
cervical ganglion of the sympathetic chain.
Postganglionic fibers arise from this ganglion and
are distributed to the salivary glands along the nerve
plexus, around the arteries supplying the giands.

Eunction of Sympathetic Fibers

stimulation of sympathetic fibers causes secretion -of
saliva, whichis thickand nchinorganicconstituents such

Superior salivatory nucleus

* Fagial nerve (VI1)

Postganglionic fibers K Chorda tympani (VI1)
: BN Nitg i
L o ™Lingual nerve (IX)
VN 5 1
| <

3
N, f s, - .
VN7 Submaxillary ganglion

Y

7 ioo- Submaxillary gland

! LI

sublinqual aland

FIGURE 37.4: parasympathelic nernve supply to

submaxillary and sublingual glands
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FUNCTIONAL ANATOMY OF STOMACH
GLANDS OF STOMACH - GASTRIC GLANDS

FUNCTIONS OF STOMACH
PROPERTIES AND COMPOSITION OF GASTRIC JUICE

FUNCTIONS OF GASTRIC JUICE

SECRETION OF GASTRIC JUICE
REGULATION OF GASTRIC SECRETION

COLLECTION OF GASTRIC JUICE

GASTRIC ANALYSIS
APPLIED PHYSIOLOGY

CER-R-R-8-F-B N0

FUNCTIONAL ANATOMY OF STOMACH 3. Body or Corpus
Body is the largest part cf stomach forming about 75%

Qs_jomach is a hollow organ situated just below the 0
to 80% of the whole stomach. Itextends from Just below

diaphragm on the left side in t7e abdominal cavity.
Voluine of emply stomach is 50 mL. Under normal  the fundus up to the pyloric region (Fig. 38.1).

conditions, it can expand to accommodate 1 Lo 1.5 Lof
solids and liquids. However, it is capable of expanding 4, Pyloric Region
still further up to 4 I} . ; .
i P Pyloric region has two parts, antrum and pyloric canal.
The body of stomach ends in antrum. Junction between

B PARTS OF STOMACH ' :
r _ body and antrum is marked by an angular notch called
incisura angularis. Antrum is centinued as the narrow

|n humans, stomach has four parts:
1. Cardiac region canal, whichis called pyloric canal or pyloric end. Pyloric
2. Fundus : Zanal opens Into first part of small intesti lled duo-
3. Body or corpus denum. The opening of pyloric canal is guarded by @ sphin-
© 4. Pyloric region. : ’ _ ter called pyloric sphinctef. It opens towairds duodenura.
' b T Stomach has two curvatures. One on the right side

is lesser curvature and the other on left side is greater

1. Cardlac Region

" Cardiac region is the Mﬁﬂ.of the stomach where curvaty
haaus opens. The opening is guarded b a sphinc-
E : e ’ STRUCTURE OF STOMACH WALL

\er called cardiac s hincter, which opens only towards
siomach, This porlion is 21s0 known 25 cardiac end. Stomach wall is. formed by four layers of structures:
1. Outer serous layer: Formed by peritoneum

2. Muscular layer: Made up of three layars of smooth
muscle fibers, namely inner oblique, middle circular

Fundus is a small dome-shaped structure. Itis e_ievated nam
above the level 0 gsophageal opening. and outer longitudinal layers
____-—-—_'_—__-

¥ Furelus
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FIGUR= 38.3:; Fans es Slomach

3 :.:;!;:;:ixfm lf:;e.r__- in::nad By arecler tiasue, Bioog
P e n—u:;;; ﬁsf,-a Ef‘"’d Mf.-_sssner nerve plexus,
: 7 SYer Lines &y
c'c.urnnar EDithalizg cElis. The C2sric glznds &e
fsma:s-: N AUS lzyer Ungzar r'esrjn: E:r.f_*t:"c.:s.
:nre Mucosz of tn= Slomzeh e :.E'.:c.v:n into mzny
-?.ds. inzss foles gre czllzg ugz=. The ficzs
Ciszppzzr when the Slom=ch E‘:;g-'.sf_endsd a?‘:.-:-:'
mszls, Throughogs the innzr UCrs lzyer, smazp

d:e_press;‘ons cziled Sastric pits zre Present. Glzngs

MUCUs-secrating

SSEpits. Inn=r SUNzez of

Mucus layer je Covered by 2 mm, thick mucys.
\/Iéf_ANDS OF STOMACH -

GASTRIC GLANDS

Structures mzde Up of different types of cepis. These
9lands open into the siomzch Cavity viz gastrie pifs.

-4 CLASSJFICATION OF GLANDS
OF THE STOMACH

Gastric glands ere classified jntg three types, on fhe
basis of their location in the stomzch:

1. Fundic 9lands or majn gastic glands of Oxynfic
glands: Situated in body and fun¢ s of stomzach
2. Pyloric glands: Present in the Pyloric pzrt of the
stomach
3. Cardiac glands: Located in the cardizc region cf the
stomach.

:*.I’.; ::_’;"'; ?’ o £ r." ‘-’—
Furdic 3 =g o ;
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232 Section 4 ¢ Digestive Systen
Heroendocrine Cells

i :ercez_wc'ccrme cells are the hermone-secreling cells
sentin the glands or mucosa of gastrointestinal tract,
articularly stomach and intestine. The enteroendocrine
cells present in astric glands are G cells, EC cells and
ECL cells (Table 38.1).

& FUNCTIONS OF GASTRIC GLARDS

Function of the gastric gland is lo secrate gastric juice.
Ser:‘.elory activities of differant cells of yastric glands
and enteroendocrine cells are listed in Table 38.1.

E-FUNCTIONS OF STOMACH «.

L

o 1. MECHANICAL FUNCTION

i. Storage Funcfion

Food 1s stored in the stomach for 2 long period, i.e.
for 3 to 4 hours and emptied into the intestine slcwly.
Tne maximum capacity of stomach is up to 1.5 L. Slow
emptying of stomach provides enough time for proper
digestion and absorption of focd subslances in the small
intestine.

ii. Formation of Chyme 3

Peristaltic movements of stomach n'iix the bolus with

gastric juice and converi it into the atemisolid materiaL
known as chyme. '

g 2. DIGESTIVE FUNCTION :

Refer functions of gastric juice.

2 3. PROTECTIVE FUNCTION

Refer functions of gastric juice. )
TABLE 38.1: Secretory function of cellsIn gastric glands

¥

R ool B rdend P netory products!:
Pepsinogen
: ‘Rannin _
" Chiel cells Lipase *
’ Gelatinase
Uiase
. Hydrochloric acid -
Raristalols Inlrinsic factor of Caslle:
" Mucus neck cells lugin o
! G cells Gastrin. - e
! Enterochromaffin (EC) cells Serolonin

' Enterochromaffin-like (ECL) cells Histamihe

B 4, HEMOPOIETIC FUNCTION

Refer functions of gzstric juice.

m 5, EXCRETORY FUNCTION

Many substances like toxins, alkaicids and metals are
excreted through gesiric juice,

PROPERTIES AND COMPOSITION
OF GASTRIC JUICE

Castric juice is a mixture of secretions from different
gastric glands.

B PROPERTIES NF GASTRIC JUICE

Volume
Reacton

: 1200 mUday to 1500 mU/day.

: Gaslric juice is highly acidic with a pH
of 0.9 to 1.2. Acidity of gastric juice is
due to the presence of hydrechianc
acid.

Specific gravity : 1.002 to 1.004

B COMPOSITION OF GASTRIC JUICE

Gastric juice contains 98.5% of water and 0.5% solids.
Solids are organic and inorgaric substances. Refer Fig.
38.3 for composition of gastric juice.

/m-'.l/NC'mows OF GASTRIC JUICE

m 1. DIGESTIVE FUNCTION

Gastricjuice acts mainly on proteins. Proteolylicenzymes
of the gastric juice are pepsin and rennin (Table 38.2).
Gastric juice also contains some other enzymes like
gastric lipase, gelatinase, urase and gastric amylase.

Pepsin

Pepsin is secreted as inactive pepsinogen. Pepsinogen
is converted into pepsin by hydrochloric acid. Optimum
pH for activation of pepsinogen is below 6.-

Action of pepsin

Pepsin converts proteins into proteoses, peptanes and
polypeptides. Pepsin also causes curdling and digestion

of milk (casein).

Gastric Lipase

Gastric lipase is aweak lipolytic enzyme when compare_d
to pancreatic lipase. It is active only when the pH is
between 4 anc 5 and becomes inactive at a pH below
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‘Gelatinase- ..

5 Gasing fipase is 5 lributyrase and i hydrolyzen
wHhnn i Laiter fat) into fally acds and flyearals

Actions of Other Enzymeos of Gastric Juico

Gelatinage: Degrades 1 j
5 ype | and type V galalin
and lypg IV and v collagen (which are proteo-
Glvcans in meal) ino peplides
i (l;Jrase: Acts on urea and produces ammonia
i astric amylase: De rades slarch (bt
s insignificant) s i R
v. Rennin: Curdles milk (present in animals only).

= 2 HEMOPOIETI'C FUNCTION

I[l::-:;.msu:- factor of Castle, secreled by parietal cells of
ﬁ.?ssr:cifanfs Plays an important rols in erythropoiesis,
: _.',e Essary for the 2530rption of vitamin B12 (which
S czllea extrinsic factor) from GI tract into the blood.

Chaptar 38 4 Slnen .

Vitarmin B12 5 an imiportan 1 AUzt o
nrythropoiesis Absence of intrinsic r;u::'"--.
Julce causes deliciency of itarnin 512‘ l,': T,
parnicious an zmia (Chapter 14), T g

B PROTECTIVE FUNCTION —
FUNCTION OF MiUCUS

Mucus is a mucoprotein, secreted .by MUCUS Negk cpq
ol the gastric glands and surface mucus calls i fa.:'mg-i_'l'_s
body and other parts of stornach. It protects (he gastr;l \

wall oy the follcwing ways:

lMucus:

i. Protects ‘the stomach wall from iritation of
mechanical injury, by virtue of its nigh viscosity.
ii. Prevents the digestive action of Pepsin an the
wall of the stornach, particularly gastric mucosa,

Gastric juice j

i e g

v
Water - 99,5%

J

=)

Solids — 0.59,
ey R

L

T

Organic substances
e O

¥ ' }

Enzymes.

*

inorganic substances

1. Hydrochloric acid
2. Sodium
3. Calcium

e gt

& -
4

2. Renip (in dhimals.oniyf ‘|

4. Polassium
5. Bicarbonale
d. Chicride i

3. Gagfriclipase .-/ -
4. Gelalingse’ ¥ it
5. Urease . o ;

fPepsr’n
Gastric lipase
Gastric amylase

Proleins

Acid medium,
Acld medium

Acid medium

Starch

Urase Urea

- Triglycefides:of. buttef3!

iCelalinahdol

7, Phosphate
8. Sulfate

Proteoses peplones and polypeptides
& Fally.acids and glycerols

Dexlrin and maltose (negligible action)
R T A R | i Yosiuias Tkt

ageriofmeal, ‘Peptides:

Ammonia
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i Pratacts tho anstric mucean from hydroehlorin
acld of gastiic juice becguse of e alkaling
natura aned (15 ael- mrhhlrqu power

Lk -

R 4, FUNCTIONS OF HYDROGHI'ORIC ACID

Hydroehlorle acid |s present in the gasliric Julce:
." Aclivates pepsinogen Into pepsin
Il Kills some of the bacterla entering the stomach
flong with food substances. {This acllon Is called
bacteriolylic action :
i Provides acid medium, which is necessary for
the aclion of hormonas.

i SECRETION OF GASTRIC JUICE
# SECRETION OF PEPSINOGEN

Pepsinogen Is synlhesized from amino aclds in the
ribosomes allached to undoplasmlc.reticulum In chief
cells, Pepsinogen molecules are packed into zymogen
granules by Golgi apparatus,

When zymogen granule Is secreted Into stomach
from chief cells, the granule is dissolved and pepsinogen
Is released Into gastric juice, Peptinogen Is activated
into pepsin by hydrochleric acid.

n SECRETION OF HYDROCHLORIC ACID

Acco.ding to Davenport theory, hydrochloric acid
secrelion is an aclive process thal takes place in the
canaliculi of parielal cells in gastric glands, The energy
for his process is derived from oxication of glucose.
Carbon dioxide is derived from rnetabolic activities
of parietal cell. Some amount of cerbon dioxide is
oblained from blood also. It combines with vater to form
carbonlc acld in the presence of carbonic anhydrase.
This enzyme is present in high concentration in-parietal
cells, Carbonic acld is the most unstable compound and
immediately splils into hydrogen lon ‘and bicarbonate
lon. The hydrogen lon Is actively pumped Into the
. canaliculus of parietal cell! ) o
' Simullaneously, lhe ‘chloride ion js also pumped
inle canaliculus actively The chloride,is derived from
sodium chloride in the blond, Now, the hydrogen ion
combines with chicride ion to form hydrochloric acid. To
compensale the loss of chloride ion, the bicarbonate lon
from parielal cell enters the blood and combines with
sodium to form sodium blcarbonate, Thus, the entire

process is summarized as (Fig. 38.4).
GO, + H,0 -+ NaCl — HCI + NaHCO,

Factars Stimulating the Secrotion

of Hydrochlorie Acirl

Geaalrin
2. Histamine
3. Vagal stimulation,

Factors Inhibiting the Secratlon
of Hydrochioric Acid

1. Beerelin
2. Gaslric inhibitory polypeptide
3, Peptide YY.

M REGULATION OF GASTRIC SECRETION

equlation of gastric secretion and inlestinal saecretion
i3 sludied by some experimental procedures.

B METHODS OF STUDY

1. Pavlov Pouch

Paviov pouch is a small part of the stomach that is
incompletely separated from the main portion and made
into a small bag-like pouch (Fig. 38.5). Pavlav pauch
was designed by the Russian scientist Paviov, in a2 dog
during his studies on conditioned reflexes.

Pracedure

To prepare a Pavlov pouch, stomach of an anesthetized
dog is divided into a larger part and a smaller part by
making an incomplete incision. The mucus membrane

FIGURE 38.4: Secretion of hydrochloric acid in the
parletal cell of gastric gland
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{ Soection 4 # Dgestive Gyslem '
\/Zj [ﬂ,‘_\_._Sii*‘- 4 ““r‘ gé'"JS;‘.(_'".l.‘ h r_._r.:wﬁf:’.” i
Accordingly, gastric secrelion oecurs in threo different
phases

| Cephalic phage
Il Gasltric phase

. Intestinal phase,
Inhumanbeings, afourth phase called Interdlgestiva

phasoe exists. Each phase Is regulaled by naural mechan- *
Isrp or hormonal mechanism or both.

{CEPHALIC PHASE

Secrelion of gastric juice by the stimull arising from
head region (cephalus) is called cephalic phase (Fig.
38.6). This phase of gastric secretion Is regulated by
nervous mechanism. The gastric juice secreted during

this phase is called appetite juice, _

During this phase, gastric secretion occurs even
Without the presence of food In stomach, The quantity of
the juice is less but it is rich in en ymes and hydrochloric

acid.

.
-

CEPHALIC PHASE; Only nervous

Conditloned reflex |
Sight, snell, :

thoughtofand
hearing about food

T SR |
2us and hormo

Stim

Unconditioner! reflax

Presence of foad
in mouth

. ——

Vagus nerve

X;mw;_,ug machanism requiales cepna;
through refles action. Two types of celleses g.,

1. Unconditioned reflex
2. Conditionod rell2x.

.) Unconditianod Reflex
Uncondilioned reflex is the inborn reflex. Vinen ¢y
ls placed in e mouth, salivary secretion is induceq

(Chapter 37) Simultanecusly, gastric secreticn zisg

occure,

Stages of reflex aclion.
l. Presence of food in the mouth stimtlstes the

taste uds and other receptors in the moutn

Sensory (afferent) impulses from mouth pass via
afferent nerve fibers of glosscpharyngeal ang
faclal nerves to amygdala and appetite center

present in hypothalamus

ulation
~—— Secretion of gastric juice

nal

GASTRIC PHASE: Nc.,

Bolus ; Vagus nerve ; "
in ‘— Local nerves Simulatica Secretion of gastric juice
slomach [ Gaslrin
INTESTINAL PHASE: Mostly hormenal
, Stimulation
——  QGastrin [
Chyme |
M ; Secralin Sacretion of gasliic juice
intesline CCK-PZ Inhibitlon -
}.- Somalostalin
. - GIP e e
VIP

FIGURE 38.6: Schematic diagram showing the regulation of gaslric secretion
pancreozymin, GIP = Gastric Inhibitory peptide, VIP = Vasoactive intestinal peptide.

CCK-PZ = Cholecyslokinin.
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fibers to the wall of the stomach

line, which sti R
h slimulates gastric vecretion.
]

7> Conditioned Reflex . !

onditioned reflex is the refl )
o j ex respanse acquired b
previous experience (Chapter 162). Presence of food 13.

;T;r:’;o;th is not necessary lo elicit this reflex. The sight,
 hearing or thought of food, which induce salivary
secretion induce gastric secretion also.

Stages of reflex action;

i. Impulses from the special sensory organs (eye,

ear and nose) pass through afferent fibers of
neural circuits to the cerebral cortex. Thinking of

food stimulates the cerebral cortex directly
ii. From cerebral cortex, the impulses pass through
dorsal nucleus of vagus and vagal efferents and
reach the stomach wall
Vagal nerve endings secrete acetvicholing,
which slimulates the gastric secretion.

iii.

Experimental evidences to prove cephalic phase

. Unconditioned reflex of gastric secretion is prov-
ed by sham feeding along with Pavlov pouch
(see above). Aiter vagotomy,.;;;ham feeding
does not cause gastric secretion. It proves the
Importance of vagus nerve in this phase.

Conditioned reflex of gastric secretion is proved
by Paviov pouch and belldog experiment

(Chapter 162).

(ﬁuSTRIC PHASE

Secretion of gastric juice when food enters the stomach

is called gastric phase. This phase is regulated by both

nervous and hormonal control. Gastric juice secreted

during this phase is rich in pepsinagen and hydrochloric

acid. . .

B Mechanisms involved in gastric phase are: -

1 Nervous mechanism through local myenteric

~ and vagovagal reflex ;
Hormonal mechanism through gestrin

te these two mechanisms are:

reflex

Stimuli, which initia

. Distention of stomach |
~ Mechanical stimulation of gastric mucosa by bulk of

food
Chemical stimulatio

contents.

Py —

n of gastric mucosa by the food

From here, th : K
. the efferent impuls
dorsal nucleus timpulses pass through
ofvagu
gus and vagal efferent nerve

Vi i
agal efferent nerve endings secrete aceiylcho-

P Chaptar 18 4 Stomach 237
/f

1. Nervous Mechanisin

Local myenteric reflex

Local myerteric reflex is the reflex elicited by stimulation
of myenteric nerve plexus In stomach wall. After
entering stomach, the food particles stimulate the local
nerve plexus (Chapter 36) present in the wall of the
stomach. These nerve fibers release acetylcholine.
which stimulates the gastric glands to secrete a large
quantily of gastric juice. Simultaneously, acetylchaline
stimulates G cells to secrete gastrin (see below).

agovagal reflex

ovagal reflex is the reflex which involves both afferent
and efferent vagal fibers. Entrance of bolus into the
stomach stimulates the sensory (afferent) nerve endings
of vagus and generates sensory impulses. These
sensory impulses are transmitted by sensory fibers cf
vagus to dorsal nucleus of vagus, located in medulla of
arainstem. This nucleus in turn, sends efferent impulses
through the motor (afferent) fibers of vagus, back to
stomach and cause secretion of gastric juice. Since,
both afferent and efferent impulses pass through vagus,
this reflex is called vagovagal reflex (Fig. 38.7).

‘{:’ommna! Mechanism — Gastrin

Gastrin is 2 gastrointestinal hormone secreted by the G

cells which are presentin the pyloric glands of stomach.
Small amount of gastrin is also secreted in mucosa of
upper smali intestine. In fetus, itis also secreted by islets
of Langerhans in pancreas. Gastrin i3 a polypeptide

contalning G14, G17 or (34 amino acids.

Gastrin I released when food enters stomach.
Mechanism involved in the release of gastrin may be the
local nervous reflex or vagovagal reflex. Nerve endings
release the neurotransmitter called gastrin-releasi ng
peptide, which stimulates the G cells to secrete gastrin.

ctions of gastrin on gastric secretion

of pepsinogen and

astrin stimulates the secretion
Refer Chapter

hydrochloric acid by the gastric glands.
44 for other actions of gastrin.

wperimental evidences of gastiic phase

ervous mecnanism of gastric secretion during gastric
phase is proved by Paviov pouch. Hormonal mechanism
of gastiic secretion is proved by Heidenhain pouch,
Bickel pouch and Farrel and Ivy pouch.

{TESTINAL PHASE

Intestinal phase is the secretion of gastric juice when
chvme enters the intestine. When chyme enters the
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FIGURE 32,7 Vagovagal refley
EESE a5 =5 s=z=Son Dhoreesss byt 2. Gastrointestina| hormones
SE I e =T ohese of S=STIC ssorafion s . ; e o
e :__i:-_\-q__"__]:;”__g Lb— ' Presence of chyme in the intestine Slimulates the Secre
=_._-=-:._--~ e S S —i i = = i 1=
5 ’ i ticn of many G| hormones from Niestinal mycog anc
e o T other structures. All these hormones inhibj y
: =3 ‘:&?:_‘:_\m et r.’:‘ﬂ =z= ) It the gas!flc
e S secragcn_ Some of these hormoneg inhibit the gastric
:‘_;TE‘;'E-:'.__E'E:"E}?E‘:T':‘E ﬁuﬁﬁ}aﬁuoﬁsnal mofiify also.

_AE:?-FEETl mi":h;—;irs-mﬂ o h hich inhibjt - )
T S g T = I moresses gogne sscrstion, ormenes which inhibit gasyrie Sécretion;

. Secrelin: Secreted b the py i

:a:-_»i-—_..:ﬁ'—’fﬁ&gazﬂ‘-ésg chyme in the irtestiney FERenee of aci
erseiin rozese i"E,’eﬁsac'E&?&ss or complete ii. C.‘:o!ecysrokfhfn: Secreteq by the Presence
SYoece of gy = S secrstion s of chyme Conaining fatg and amino agigs in
Bt by gy 2 o~ intestine

T S =, lii. Gastrie inhfbitorypeprr'de (GIP); Secreteq by the
2 Corgirese 1) hormones, Presence of chyme containing glucose and fats
= £z, v vne intesting

z ; .. iv, Vasoac!fve.*'nrestmaipo!ypepﬁo’e {VlP):Secreted

--_:,'»:;:_,_-.;J_ ey inhibie the E25Uic secrefion and by the Presence of agjgjc chyme in intestine
TRy ¥ %2 2 Be distention of intesting) Mucosa " Peptide yy: Secreted by the Presence of fatty
oy 5"?‘?"_‘":5- or :v-c:-.; or :-s:ns_:i: ifritation of intesting chyme in Intesting,
’s:*::..:-:;:.,::' e ?::?c‘::,sn mi?hjfme_ Itis megiz. In" addition to these hormones, Pancreas ajsg
= VY Bferiert: necye TEEI0E0N) plenus ang Vagus, Secreles g hormone called SOmatostatin during
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s~restingl phase I slso inhikit
i g AR B 30 Nhidis gasloc ascrelion Ref
Cnagter 44 for details of GI hormones Y, S | AgioasolGrad Arn) & augi - 9
1 M 03 i ! i i
Thus, enterogastric reflex and intesting! ii. Wheat hiscuit and 400 ml of water
stinal hormones i, 300 mL of ostmeal grue! )

coliectively apply a st
metiity .-.f‘.-\-ffl‘lf;"."”g brake on the secration and
R L B QNI |‘F:I-5. i i - & - 5 ‘
1 during intestinal phase., Fractivnai gastric analysis

\f-?"."“g?".‘_‘_?,'gn_t‘-fgr,, & P i : .
ences forintestinal phase Aftzrthe ingestion ¢ "atest meal, gastriz juice is collected
at every 15th minute for 2 period of o ard 2 a: £ hours.

£
/J\'
g \ el

All these \ : .
rrel and Ivy poiich acidli:)?s samples are analyzed for peglic activity 2re

2. Nocturnal Gasiric Analysis

Patient is given a ¢laar liquid diet at noon and 2t 5 pm

Al 7.30 pm, the tube is infroduced into the patients’s
slom:acrl. Then from 8 pm to & am, hourly samples (]
gastric juice are collected and anzlyzed,

r during period of fasting) is called interdigestive

zas

ooy,

jc:icr is demonstrated by Farrel and vy pouch.
//z FACTORS INFLUENCING GASTRIC SECRETION After overnight fasting

morning by aspiration. The

3. Histamine Test
— o _ the stomach is emptied in the
astric secretion IS also influenced by some factors n histamine is injected
which increzse the gastric secretion by stimulating subcutaneously (0.01 malkg). Histsmine stimulztes
secretion of hydrochloric acid in the stomach. After 30

gastric mucoesa such as:
. i 1
minutes, 4 samples of gastric juice 2re collected over 2
terval and analyzed.

1. Alechal
2z Cezfizing & period of 1 heur at 15 minutes int
af ? " l
_~B COLLECTION OF GASTRIC JUICE APPLIED PHYSIOLOGY
"
s, the gastric juice is collected by using
he is made out of rubber of plastic. Itis
pzss outh and through esophagus m 1. GASTRITIS
the stomach. A line is marked in the tube. The  |nflammation of gastri
antrance of the fip of the tube into stomach is indicated  pg acute or chronic. Acute gastritis is characterized by

when this fine comes near the mouth. Then the contents  jnfiammation of superficial layers of mucus membrane

of stomach ere collected by means of aspiration. and infiltration with leukocytes, mastly neutrophils.
Chronic gastritis invoives inflammation of even the

B GASTRIC ANALYSIS . deeper layers and infiltra‘ion with more lymphocytes. It
% For znalysis. the gastricjuice is collected from patientonly rasults in the atrophy of the gastric mucosa, with loss
.1, the morning. Analysis of the gastric juice is done forthe  Of chief cells 2nd parietal cells of glands. Therefore, the
diagnosis of vlcer =nd other disorders of Flomach_ secretion of gastric Juice decreases.
Gastric juice is analyzed for the follqwing: -
1. Mezsurement of peptic activity Causes of Acute Gastritis
2. Neasurement of gastric 2cidity: Infection with bacterum Helicobacter p
(hydrochloric acid) and combined acid. i, Excess consumption of alcohol
- l ‘ i Excess administration of Aspirin and other non-
steroida! cntiinflammatory drugs (NSAIDs)
iy, Trauma by nasogastric tubes
v. Repeated exposure 10 radiation (rare).

astric secretion is affected by the fallowing disorders.

in human being
Ryle tube. The lu

n=csed through nestril or m
< mucosa is called gastitis. [tmay

Totaiacid, free acid i ylori

B METHODS OF GASTRIC ANALYSIS"

\i. Fractional Test Meal (FTH)
irig: Ju1CS 2 collected. Causes of Chronic Gastritis

Aler overnight fasting, the gas :
t meal called *ractional |
n with Helicobacter pyloti

Then, the patient takes a small tes

test meal (FTM).
Typical test meals are:

i. Chronic infectio
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Pancreas C;gef

FUNCTIONAL ANATOMY AND NERVE SUPPLY OF PANCREAS
PROPERTIES AND COMPOSITION OF PANCREATIC JUICE
FUNCTIONS OF PANCREATIC JUICE
DIGESTIVE FUNCTIONS
m DIGESTION OF PROTEINS
® DIGESTION OF LIPIDS
® DIGESTION OF CARBOHYDRATES
m NEUTRALIZING ACTION
B MECHANISM OF PANCREATIC SECRETION
m SECRETION OF PANCREATIC ENZYMES
n SECRETION OF RICARBONATE IONS
B REGULATION OF PANCREATIC SECRET!ON
m STAGES OF PANCREATIC SECRETION
m CEPHALIC PHASE
® GASTRIC PHASE
m INTESTINAL PHASE
B COLLECTION OF PANCREATIC JUICE
m INANIMALS
m IN HUMAN
B APPLIED PHYSIOLOGY
m FANCREATITIS
m STEATORRHEA

“EUNCTIONAL ANATOMY AND has a single layer of acin.ar cells with a lumen 'mht'h:
NERVE SUPPLY OF PANCREAS center. A;marrcells contain zymogen granules, Whic
. ossess digestive enzymes.
" 'Pancreas is a dual organ having two fu:\lchon;, Qﬂn:ie’z v A smaﬁ cTuct arises from lumen of each alveolus.
. docrine function and exocrine function. ndocrine ; - aiveol unite to
':hl:ﬁé?i‘o; is concerned with the production of hormones Sorne of these ducts from nmg:nbonng Iveé: ;; it S
: (!}h ter 69) Tht-:-l exocrine function is concerned with form Intralobular duct. Al the intralobular ducts uni
(Chap et[on.of digestive juice called pancreatic juice. to form the main duct of panc.reas caued. Wirsung duct.
s wirsung duct joins common bile duct to rorm ampulla of

‘ ; i into duodenum (see Fig. 40.3).
NAL ANATOMY OF EXOCRINE vater, which opens in .
2 ';Eg?gg PiNCREAS ' In some persons, an accessory duct calied duct of
santorini exists. It also opens in

i o duodenum, roximal
resembles salivary gland in ) t P
to the opening of

Exocrine part of ancreas . . e
f : acini or alveoli. Each acinus ampulla of Va

structure. It is made up of
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242 Section 4 + Digeslive System

® NERVE SUPPLY TO PANCREAS i. Higk bicarbonate content makes the 4.

; Fas.
juice h'ghly alkaline, 50 that it Protecs the
T oy both sympalielic and para- tina mucosa from acid chyme by neutran‘-,t.-_
sympalhelic fibers, Sympathelic fibers are supplied

il. Bica/bonate lons provide the requireg DHn;;
through splanchnic nerve ang Parasympathelic fibers 9) for the activation of pancreatic €NZyme,
are suoplied through vagus nerve
l"’PROPERTIES AND COMPOSITION \_/FUNCTFDNS OF PANCREATIC JUICE
\// CF PANCREATIC JUiCE z;?;:;ealicjufce has digestive functions ang neutralizm; }

B PROPERTIES OF PANCREATIC JUICE

DIGESTIVE FUNCT.ONS OF FANCREATIC JUicg
s ol ol gy ticj lays an important role in the digest
Reaction + Highly alkaline wit Hof8108.3 Pancreatic ju ce pla sl Ior;
speeci;ic gravity : 1 E?Oyto 1 0|1 8 e of proteins z.d lipids. It also has mild digestive action

o HE !

on carbohydrates,
J/COMPOSITION OF PANCREATIC JUICE \/

DIGESTION OF PROTEINS
Pancreatic juice containg 99.5% of water and 0.5%

of solids. The solids are the organic and inorganic  Major proteoly lic enzymes of pancreatic juice are trypsip

Substances. Composition of pancrealic juice is givenin ~ and chymotrypsin. Other proteolytic enzymes are carpg.

Fig. 39.1. Xypeptidases, nuclease, elastase and collagenase.
Bicarbonate conteni is very high in pancreatic juice, .

Itis about 110 to 150 MEQ/ L, against the plasma levelof 1+ T¥psin

24 mEq/L. High bicarbonate content of pancreatic juice Trypsin is a single polypeptide with 2 molecular weight

Is imporiant because of two reasons: of 25,000. It contains 229 amino acids.

¥

Inorganic
substances
Enzymes Other organic Substances | 1, Sodium
e 2. Calcium
& 3. Polassium
Proteolytic enzymes Lipolytic enzymes:- i 4. Magnesiym -

1 Trypsin

ypsin, ) fancreatic ipase ;| 1; Al min c Chiona®

2. Chymotiypsin . . 2C 2. Globulin 7. Phosphate

- R P hR . %
i oxype?;;dases il 8. Sulfate

: Am}dolyticenzymo ;

Bicarbonate content = 11010 150 mEq/L
Pancrealic amylase

[re—

e Y i v

FIGURE 39,1: Composition of Pancreatic juice
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It is secreted ag

Is converted into active t

Enterokinase |

is secreled bysmaelsg Calleg nteropeptidase ang

MUCUS Membrane. rush-bordered ‘dg|g of dLlc:;e11;tl

. n

trypsinogen b ed, trypsin itself act

ey Yy mean s b tivates
; yhic or autoactive

n

ce form
S of au

Trypsin inhibitor

Trypsino i i - .
intﬁt[negﬁ?rls eouivated only when it reaches the small
may h)’d.rolyzi:ap?r:n ' activated when iffs in pancreas, i
t Pehores e as © Pancreatic tissue proteins, resu1tihg
celle. riiiares ’c‘j"age. But its activation in the secretory
inhib‘ilorprot ; ucts of papcreas is prevented by an
e emcalled_lry_psmmhibitor.Anyabnormaiity or
'8ncy of the trypsin inhibitor will result in unopposed
rypsin activity, which damages the paricreas R

Actions of trypsin

I Digestion of proteins: Trypsinis the most powerful
proteolytic enzyme. It is an endopeptidase
and breaks the interior bonds of the protein
molecules and converts proteins into proteoses
and polypeptides _ -

ii. Curdling of milk: It converts caseinogen in the
milk into casein
jii. Blood clotting: It accelerates blood clotting
iv. It activates the other enzymes, of pancreatic
juice, viz.
a. Chymotrypsinogen into chymotrypsin
b. Procarboxypeptidases into carboxypeptidases
c. Proelastase into elastase
d. Procolipase into colipase !
v. Trypsin also activates collagenase, phospholi-
pase A and phospholipase B
vi. / ulocatalytic action: Once formed, trynsin itself
converts trypsinogen into trypsinj )

2. Chymotrypsin

| C;Hyrﬁotr)ips'in is a polypeptide with a molecular weight
of 25, 700 and 246 amino acids. It is secretcd as :nach\fe
chymotrypsinogen, which is activated intochymotrypsin

by trypsin.

~ Actions of ch ymotrypsin

s: Chymctrypsin is also an

i. Digestion of protein also
. it converts proteins into

endopeptidase and
polypeptides

Chapter 39 4 Pancraas 243

Il Digestion of mijk: Chymotryps

in digasts cascing.
gen faster than trypsin, Comnination orebg?h

) enzymes causes rapid digestion of milk
iil. On blood clotting: No action,

3. Carboxypeptidasos

Carboxypeplidases are carboxypeplidaseAandcarboxy-
peptidase B, Carboxypeptidase A Is derivad from trfc
precu_rsor procarboxypeptidase A, Carboxypeptidase B
Ig derived from procarboxypeptidase B, Procarboxypep-
lidases are activated into carboxypeptidases by n'ypsirnD

Actions of carboxypeptidases

Carboxypeptidases are exopeptidases and break the
terminal bond of protein molecules. Exopeplidases split
the polypeptices and other proteins into amino acids,

Carboxypeptidase A  splits the proteins into
amino acids having aromatic or aliphatic side chains.
Carboxypeptidase B converts the proteins inlo amino
acids having basic side chains.

4. Nucleases

Nucleases of pancreatic juice are ribonuclease and
deoxyribonuciease, which are responsible for the
digestion of nucleic acids. These enzymes convert the
ribonucleic acid (RNA) and deoxyribonucleic acid (DMA)
into mononuclectides. ;

5. Elastase

Elastase is secreted as inactive proelastase, which is
activated into elastase by trypsin. Elastase digests the
elastic fibers.

6. Collagenase

Collagenase is secreted as inaclive procollagenase,
which s activated into collagenase by trypsin. It digests

collagen.

\_/KDIGESTIONOF LIPIDS

Lipclytic enzymes present In pancreatic juice are pan-
creaticlipase, cholesterol esterhydrolase, phospho!lpase
A, phospholipase B, colipase and bile-salt-activated

lipase.

1. Pancreatic lipase
ul lipolytic enzyme. It

clic lipase is a powerf
Pancrealic 1Ip oglycerides and fatty

digests triglycerides into mon
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D Daetion 4 ¢ Digestive Byolom

et ACTIVIY O panareatic Tipa o v noo
;:;lfltlr{:l:l}imllll l\nllu. :.nmnuu'n P reauired for activity of this
2vive s Vo
“np\l'liit‘.;:ssiu\l.lm'; n':f fl by panciostio lipase roquires two
o et
LD walts, whiah aro tosponsiblo for the amulel-
Heation of fat, poion o thelr digostion
Colipase, whieh I8 n coonzymo nocessary for
the panereatic lipaso le digeal the dislary lipids,
About 80% of the fal la digesled by pancreatic lipase,
Defivloney of absence of this enzyma leads Lo oxcreldon
of undigested fat in fecas (stoatorrhos; sea below),

2. Cholesterol estor hydrolnso

Chelesterol ester hydrolase or cholosterol esterase
converts choleslarol ester Inte frea cholesterol and fatty
acid by hydrolysis.

3. Phospholipase A

Phospholipase A is aclivaled by trypsin. Phospholipase
A digests phospholipids, namely leclhin and cephalin
and converts them inlo lysophospholipids. It converts
lecithin into lysolecithin and cephalin ir.-. lysocephalln.

4. Phospholipase B

Phospholipase B is also activated by trypsin. It converts
lysophospholipids (lysolecithin and lysocephalin) to
Phosphoryl choline and free fatty acids.

5. Colipase

Colipase is a small coenzyme, secreted as inactive
procolipase. Procolipase is activated into colipase by
trypsin. Colipase facilitates digestive action of pancreatic
lipase on fats,

6. Bile-salt-activated lipase

Bile-salt-activatedlipase is the lipolytic enzyme activated
by bile salt. It is also called carboxyl ester lipase or
cholesterol esterase. This enzyme has a weak lipolytic
action than pancreatic lipase. But it hydrolyses a variety
of lipids such as phospholipids, cholesterol esters and
triglycerides. Human milk contains an enzyme similar to

bilezsalt-activated lipase (Table 39.1).
\AIGESTION OF CARBOHYDRATES
Pancreatic amylase is the amylolytic enzyme present in

pancrealic juice. Like salivary amylase, the pancreatic
amylase also converts starch into dextrin and maltose.

When acid chyme enters jng
pancroat.s juice 'mt_h large
released Ity intestine, Presanq,, -
Biearbonale 1ons makes the
plkaline. Thic aikaline pancreatic
of chyma in the intesline.

\_~PANCKEATIC SECRETION

olorated In the @JTRMJZING ACTION of

PANCREATIC JUICE

stine .
quantﬂ\! IFQII.T‘

fane v
HENtre

iU fies %
Juica ﬂEU\fG':.z:_ g

Maulralizing action iz an impgnam
pancreatic juice because it protects 4
the destructive actior. of acid in the ¢cn

B MECHANISM OF

A 1Un;:.,_

ne o e
"Nesting 2

yme, Ty

u SECRETION OF PANCREATIC ENZYES

Pancreatic enzymes are synthesized in MBoseme-
which are attached to the endogplzsmic reticulym o
aciner cells in pancreas. The raw materizls =
synthesis of pancrealic enzymes are the zming 2oy
which are derived from the blood. After syntnesis ..
enzymes are packed into different zymogen gr

by Colgi apparatus and stored in cuioplizsm
stimulated, the acinar cells release Zymogen granyuie
into the pancreatic duct. From the granules, the Enzymes
are liberated ir to intestine.

for tha i

~

uig
e

aniis

LY

B SECRETION OF BICARBONATE |ONS

Bicarbonate ions of pancreatic juice are secreted from
the cells of pancreatic ducttles and released into the
pancreatic duct,

Mechanism of hicarbonate secretion

1. Carbon dioxide derived from blood or metabolic
process combines with water inside the cell to
form carbonic acid in ‘the presence of carbonic
anhydrase

2. Caroonic acid dissociates into hydrogen and bicar-
bonate ions

3. Bicarbunate ions are actively transported out of the
cell into the lumen

4. Hydrogen ion is actively transported into blood in
exchange for sodium ion

5. Sodium ion from the cell is transported into the
lumen, where it combines with bicarbonate to form
sodium bicarbonate

6. Because of the loss of sodium and bicarbonate

ions from the blood, there is some disturbance in
the osmotic equilibrium of the blood. To maintain

(¥ Scanned with OKEN Scanner
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F 0 + Digestive f-‘lf?\-'mns of pancraatic juice
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Trypsin Enlerokinpse 4E 5
- Trypsin Protei '
Chymotrypsin Tovp foleins Protecsas and palypeptides ;
Carboxypeptidases & Proteins - I'
. Trypsin 1 Ll ‘Pulypaplides |
 Nucleases _ e i Polypeptides Amino acids 1
b - AL M E R SR AT oyiepRn . B
iE!astase -..w-,at:*&a_anﬁ;@,tﬂ&@zﬁ” 274 {fdnonudiadlides .08
| Collagenase S hf‘iﬁ‘:“ =2 Aming acids i
! Pancreatic lipase {1 mMﬂ%%a@hﬂig;JLd: e
| Cholesterol ester Fydrbiasads ) ;_ngzga‘ride‘sﬁ Monoglycerides and fatly acids }
| Phosphalipase A o T S iol8 Ll T TCRbleseBIAng falyacids -
| Phosphiclipsse 8 S e wP'r_l‘qsphoﬁpids . Lysophospholipids
LT Trypsir S T AT T T P e e
e L TR S R OSBR RS I ospory choine an = et 2
. Colipase Trypsin ) Facilitales action of S
’ pancreatic lipase -
: e ;
_ = - .Rhospholipids: ~: Lysophospholipids
. Bile-salt-activ ips T 22 A T Slesterol ar
ivated lipase Trypsin-.” ‘Eholésterol este Cholesterol and fatty acids =~ l
. ‘ b Trigijcérices” ‘Moroglycefides and fatty acids
_Pancreatic amylase = = 4 Starch Dextrin and maltose }

the osmotic equilibrium, water leave‘s‘i the blood and /%ncondiﬁoned Reflex

enters the lumen of pancreatic duct by 0smosis

7. In the lumen, bicarbonate combiries with water

forming the solution of bicarbonate. -

/m/REGULp.TJON OF PANCREATIC"
SECRETION et
Secretion of pancreatic juice is regu]éted by both
nervous and hormonal factors. -

|wg,«s"mrsrfs OF PANCREATIC SECRETION
Pancrealic juice is secreted in three staées (Fig. 39.2)
like the gastric juice: ®
1. Cephalic phase
2. (astric phase

3, Intestinal phase.

. These three phases of pancreéﬁc secretion
correspond with the threé phases of gastric secrr—ition.

T

—

W

1. CEPHALIC PHASE
Ae in case of gastric selcretion‘ cephalic phase is regulat-
edby nervous mechanism through reflex action.
wo types of reflexes occur. -
1. Unconditioned reflex

2 Conditioned reflex.

nconditioned reflex is the inbom reflex. When focd
is placed in the mouth, salivary secretion {Chapter
n7) and gastric secretion (Chapter 38) are induced.
Simultaneously, pancreatic secretion also occurs.

Stages of reflex action:

i Presence of food in the mouth stimulates the
taste buds and other receptars in the mouth

ii. Sensory (afferent) impulses from mouth reach
dorsal nucleus of vagus and efferent impulses
reach panrreatic acini via vagal efferent nerve
fibers

ii. Vagal efferent nerve endings secrete acetyl-
cheline, which stimulates pancreatic secretion.

Conditioned Reflex

" Conditioned reflex is the reﬂe){ responée acquired by

previous experience (Chapter 162). Presence of food in
the mouthis not necessary to elicit this reflex. The sight,
smell, hearing of shought of food, which induce salivary
secretion and gasliic secretion induce pancrealic

secretion also.
Stages of reflex action:

i, impulses from the special sensory organs (eye,
ear and nose) pass through afferent fibers of
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neufal circuits to the cerebral cortex, T hinking off
foed stimulates the cerabal cortax directly

I From carebral cortey, (he impulses pass through
doreal nucleus of Yagus and vagal efferenls and
reiach panersatie acinl

. Vagal nerye endings  secrele acelylcholing,
which stimulates pancreallc secretion,

M 2. GASTRIC PHASE

Secralion of pancrealic juice when food enlers the
Slomach is known g gaslric phase. Thic phage of
pancreatic tecrelion is under hormanal control, The
hermone mvelved jg gaslrin, .

Wher, foog Enlers the slomach, gast:in ig secreted
from slomach (Chapler 38). When gastrin is transporte 3
10 pancregg through blood, jt stimulates the pancreatic
n. The Pancreatic juice fecreted during gastric
Phase is rieh n eénzymeg,

" 3. INTESTINAL pHagE

CEPHALIC PHASE: Nervous
Gl o
v fﬁjg‘}jﬁ:ﬁg Tell

dhotght'of and

hiearing Aot food

Uricortditioned refey

Presence of food
in mouth

¢

‘/Aonas Stimulating Pancreati, Secr,, toy

i, Becretin
ii. Cholecysickinin,

Secretin

Secretin is producgd_by S cells- of ﬂTUC:.'JUg mep A
in duodenutn and jejunum, It is secreted 5 inaee *
prosecretin, which s aclivated into secretin by nh.
chyme, 2 |
The stirulant for the relezse ang 3ctivati,

prosecretin is the acid chyme entering intesing
Products of protein digestion also simulate the hormg.
nal secrelion,

Actlion of secratin

Secretin stimulates the secretion of Watery juice which jg
rich in of bicarbonate ion and high in volume. It increases
the pancreactic secretion by acting on pancraatic
ductules via yclic AMP (messenger). Other actions of
secretin are zxplained in Chapter 44.

Chnfecystokfnin

Cholecystokinin (CCK) is also calleg Cholecystokinin.
pancreozymin (CCK-PZ). 1t is secreted by | celis in
duodenal angd jejunal mucosa. The stimulant for the

E.t);f.;;a}j‘aa‘"g": '--2‘.:_1"-5_-::7;;:'-""_
.

3 iy uﬁg@oqm ipa
¥ z ik iy
! ’ e eath N Lol

. — _.______,_____-————_,____________
GASTRIC PHASE: Hormonal

Bolus in stomach .
Gaslric Secretion

INTESTIN

AL PHASE: Hormonay
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~ease of this hormone is " -

A —_— = § e Ch!{.me contai

gestwe products such es falty acids el
! an

- Znc acds.

zamanof cholecystokinin r

~nolecystokinin stimulates the secreli

_ tornin: 2 secretio i
juice L-.rhlch is rich in enzyme andI ig\:'IEa:gﬁahc
by ach:;g on pancreatic acinar calls via inogi‘r?é
riphosphate (second messenger). The other actions of
cholecystokinin are described in Chapter 44

pormones Inhibiting Pancreatfc: Secr%fion
i. Pancrez_atic polypeptide (PP) sdcreted by PP
) cells in islets of Langerhans of pancreas
i Somatostatin secrated by D cells in islets of

Langerhans of pancreas s

Tﬁepl!de YY secretec by intestinal mucosa

« Peptides like ghrelin and Iptn ”

Refer Chapter 44 for details oﬁlheselw0|mones,

i

-
/5 COLLECTION OF PANCREATIC JUICE
2 IN ANIMALS

In animals, the pancreatiujuice is collected by connecting
a fistula between the pancreatic duct and the opening in

the abdominal wall. ¥

/Q/@UMAN

in human beings, @ multilumen tube is inserted through
nose or mouth, tillthe tip of this tube rezches the intestine
near the ampulla of Vater. The tube has amarking. The
entrance of the tip of the tube into the intestine near
the ampulla is indizated when this line comes near the
mouth. The tube has three Iumens.‘Sma!EpalIoons are
attached to the two outer lumens. When balloons are
inflated by air, the intestine near the ampullais enlarged.
Now, the pancreatic]uice is collected through the middle
{umen by means of aspiration. 4

i
@ APPLIED PHYSIOLOGY :
B PANCREATITIS :
i pancrealitis is the inflammation of
a rare but dangerous disease.
pancrealitis is of two types.
1. Acute pancreatitis
2. Chronic pancreatiis.

pancrea‘t‘lc acini. Itis

Chapter 13 4 Pancreas 247

1. Acute Pancreatitis

Acute pancreatlitis is more severa and It gCCurs because
of haavy alcohal intake of galistones

Features of acute pancreatitis:

i, Severe upper aldominal pain
ii. Nausea and vomiting
iii. Loss of appetite and weight
iv. Fever

v. Shock.

2. Chronic Pancrealitis

Chronic pancreatitis gevelops due to repeated acule

inflammation or chronic

damage to pancreas.

Causes of chronic pancreamr‘s

iil.

iv.

vi.
vii.

Long-time consumption of alconol
Chronic obstruction of ampullz af

Vater oy
galistone

Hereditary cause (passed on genetically from
one generation to another)

Congenital abnormalities of pancreatic duct
Cystic fibrosis, 2 generalized disorder affecting
the functions of many organs such as lungs
(due to excessive mucus), exocrine glands like
pancreas, biliary system and immune system
Malnutrition (poor nutrition; mal = bad)
|diopathic pancreatitis (due to unknown causa).

Features of chronic pancreatitis

Complete destruction of pancreas: During the
obstruction of biliary ducts, more amount of
trypsinogen and otherenzymesare accumulated.
In spite of the presence OF trypsin inhibitor in
acinl, some trypsinogen is activatea. Trypsin
in turn activates other proteolytic enzymes. All
these enzymes destroy the pancieatic tissues

completely

i, Absence of pancreatic enzymes: Pancreatitis

is more dangerous because the destruction of
acinar cells in pancreas leads to deficiency OF
total absence Of pancrealic enzymes. SO the
digestive processes are affected; worst affected

C} Scanned with OKEN Scanner
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Liver and Gallbladder | 40

m FUNCTIONAL ANATOMY OF LIVER AND pILIARY SYSTEM
| BLOOD SUPPLY TO LIVER
B PROPERTIES AND CONPOSITION OF BILE
B SECRETION OF EILE
m STORAGE OF BILE
B BILE SALTS
| BILE PIGMENTS
B FUNCTIONS OF BILE
| FUNCTIONS OF LIVER
| GALLBLADDER .
@ REGULATION OF BILE SECRETION
m APPLIED PHYSIOLOGY
_________..._--—--________,/————'_____________-——-—--
/Hﬁh TIONAL ANATOMY OF LIVER -/@ocﬂes and Hepatic Plates
.~ AND BILIARY SYSTEM Hepatocyles are arranged in cOMANS,
hepatic plates. Each plate is made up o
tween lhe fwo CO

Liver is @ dualorgan h

functions. It is t
about 1.5 kg in man.

side of the abdomina

diaphragm.
LIVER

. Hepatic Lohes

Liver .is made Up of m
(Fig. 40.1). Each lobe €

‘hepatic lobules.

Hepatic Lobules

Hepqlic lobule i
liver. There are 8
iver. The lobule is a
made up of liver cells

aving bo
he largest gla

It is located in the upper and right
i : In hetween the Nel

di th
| cavity, Imme alely benea called sinusoid s present.
Is. In between

s the structural

pout 50,000 to
honeycomb-like stru

th secretory 2nd excretor !
’ Y cells, In de
0.2).

endothelial cel
special macrophages called
ortal Triads

g surroundec by many

s called hepalic lobes : _
( many lobules caile portal triad consists of three vessels:
4, Abranch of hepatic artery

2. Abranch of portal vein

3. Atributary of bile ducl.

Branches of hepatic

and functional unit of into the sinusoid. Sinu
100,000 lobules in the Central vein ernpli
ctureand itis Bile is secreté
bile canaliculus. F

Each [obule i

any lobe
onsists O

d by hepalic
rom canalicu

called hepatocytes:
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FIGURE 40.1; Posterior suiface of liver canaliculus % d Ceniat ver
~

rnbularylot b.-lre duct. Tributaries of bile duet from
canaliculi of neighboring lobules unite to form small blie
ducts. These smay bile ducts join together and finally

11;?2:1 left ang right hepatic ducts, which emerge out of

ﬁ/a;u.mm' SYSTEM

Biliary system or extrahepatic biliary apparatus s
formed by gallbladder and extrahepatic bile ducts (bile
du;ts Outside the liver), Right and left hepati¢ bile ducts
which come ovt of liver join to form c€ommon hepatic
duct. It unites with he cystic duct from ‘gallbladder to
form common bile duct (Fig. 40.3). All these ducts have i
similar structures. Tributary of «==
. Common bile duct unites with pancreatic duct to bile éu’:::
form the common hepatopancreatic duct or ampulla of
Vater, which opens into the duodenum,
There is a sphincter called sphincter of Odd| at FIGURE 40.2: Hepatic lobule
the lower part of common bile duct, before It Joins the
pancreatic duct. It is formed by smooth muscle fibers of
common bile duct. It is normally kept Closed; so the bile ,Liver

secreted from liver enters gallbladder where it is stored, o TR
Upon appropriate stimulation, the sphincter opens and  Hapalic duct i ™ " Tinpey hc;:)-mnl;?g:cl
=== Nepg

S

-#==- Branch of hepalig
arlery

™=~ Branch of partal vein

P

- allows flow of bile from gallbladder into the intestine. :
' . *Cyslic ducl -g ¥ Common
: Pt bile duct
¥ PLY TO LIVER i )
. B‘E'OOD SUPPL Gallbladder- W
Sl

Livgr receives maximum blood supply of about 1,500
mL/minute. It receives blood from two sources, namely

the hepatic artery and portal vein (Fig. 40.4). AMPUlIa mmme i
of Valer {

Pancreas

™ Rancrealic
--+ Duodenuin ducl

® HEPATIC ARTERY

i lies _
Hepatic artery arises directly from aorta and supp L 0:3: Bilary sysier
oxygenated E;ood to liver. After entering the liver, the FIG

N
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i’-’ml"al vein :
Daoxygenated
blood

T -

&
R
@
5
£
---------- Portal vein
o
2
2
£ — —-— Intesiine
3 Callbladder
=
(]
2
8
= FIGURE 40.5: Enterchepatic circulztion
< AT T )
FIGURE 40.4: Schematic diagram of blood flow through liver
- pH - 8to 8.6
Specific gravity ! 1.010 to 1.071
a PORTAL VEIN Color - Goldzn yellow of green.
Portal vein is formed by superior mesenteric vein and ' ;
splenic vein. [tbrings Jeoxygenated blood from <tomach, OMPOSITION OF BILE
R estine, spleen and pancreas. POn3 blood is fich N gjle contains 97.6% of Wale? and 2.4% of solids. Solids
ntains bile  jnglude organic and inorganic substances. Refer Fig-

monosaccharides and amino acids. It aiso €O

salts, bilirubin, urobitinoger_n and Gl hormones. However. 40 6 for details.
the oxygen contentis less In portal blood.: .

to liver through portzl < SECRETION OF BILE

initial bile secreted

Flow of blood from intestine
vein is known a8 enterohepatic circulation (Fig. 40.5).
hepatic artery mixes with blood from  Bile is secreted by hepatocytes. The
by hepatocytes contains largé quantity of bile acids,
d fatty acids.

The blood from v
portal vein in hepatic sinusoids. Hepatic cells obtain
y - bile pigments, ch

oxygen and nutrients from the sinusoid. *
. From hepatocytes,
here, it passes through small

6, waste products and reaches the common hepa
o : hepatic duct, pile is diverted eithe

olasterol, lecithin &N
bile is released into canaliculi. From
ducts and hepatic ducts
tic duct. From common

®m HEPATIC VEIN
¢ directly into the.

Subpstances syn thesized by hepatic cell
nd carbon dioxide aré discharged -into sinusoids. _
into .central vein-"of the lobule. intestine or into the gallbtadder.
Sodium, picarbonate and water are added to bile
These substances

Sinusoids drain them
h the ducts.

" Central veins from m
veins, which ultimately fo

s unite to form bigger !
when it passes throug

tic veins (right and left) s
are secreted by the epithelial cells 0
te and water increases

f lhe ducts. Addition

any lobule
the total

rm hepa
ava. N ’
of sodium, bicarbona

which open into inferior vena ¢
SROPERTIES AND cOMPOSITION quantity of bile
OF BILE : )
' <TORAGE OF BILE
i PROPERTIES OF BILE Most of the bile from liver enters the galibladder, where it
Volume - 800 to 1,200 ml/cay ic stored. Itis released from gallbladderinto the intestine
Reaction . Alkaline wheneveritis required. When bileissioredingalibladder,
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Walar - 97.6%, “Bolids - 4%

e

Organie substancos Inorganieg sybstancos }

1 Bl sapg
2. Bilg fgraeng
4, Cholestarg)
4. Fally eide
F‘! L’lehlﬂ

5. Misnin

1. Godium ]
2. Calclum

& Polosgium

A. Ghloridy |
f, Blearbonnlg |

S ———

FIGURE 49,4, Compatiion of pifg

[ VT r];\"g
-':ld"';?i 8%

1 Yol is flf;f;fr,ﬁ(;ﬁq hecs
a4 lsge Arnoynt of

LT Many che

HWELGr g 8l

o C.'cr.carnrﬁlic)ﬁtafbllﬁsﬁlts

: i WBille pigrnente chaolesterg
lelty seids g IsCithin s Increass ’bﬁcﬁuge r.:’f

BLscrption of YIBIEr gy Sl66troly 66
2 The pi Jg O6CI66561 slightiy |
4, Gpeific ety is incressed

. Mucinis sddsdg 19 bils (Tablg 40,1),

PILE 84118

= Bils eglls 416 1he sodinm ahitl

8 r,'p{!,a-, wiah sre COnjugated yith alycing or 1aurine,

, ,,a/rorermmw OF BILE SALTS

Fils salts a6 formed frorm
pimary bile acids in fisman, namely ¢
chanodeorycholi; acld, which sre for
shler the intssting thwough bile, Dus o1
i1 the intsstine, the prima
SECONGESY hile acids:

AV Reje) - adenpyehol s
Chetinanrpahiohs, g -, lithackolie anid

Sataniary e s rom intestine 816 Wransporied
Ly 4o fiver thrcgh entsrotispatic arcuation, In ver,
16 seimary bile sods are Ganjgated twim flyeing
(Gt &51d) of taurin (derivative of an aming acid) and
furn conjugsted bile agidy, fialtily glycocholie auid_
Al tauronholc walds, Thess bils moids combing with

&0t

SN Of fAARSEIM 1005 10 1o e saNs, sodium
O RGN grysosholats s sodium or potassium

taurochotaws (Fig, 40,7),

HGg6s Lot in Quiality Grid quantity

YSs of absormtion of
gle - ralylas (ay
SRICHm nnd lifilﬂﬁﬁlum} wag ( ACept

TABILE 40,1 Dilfarancoy Moty f
and galibladanr bilg Drl"""'-u

R A e,

; s
pH 81086 Tioyg g

BRogIGaAY 1010101011 e 1010,
Waler content . 07.6% B,

i ROETBT S Sk 4w
BRI aah, *  y,

Ailo Salte 05 glL

‘iﬁiﬁi}ﬁﬁﬁ%’tﬂé’i«{a‘; B 008 gral.

Cholastarol 0.1 gidl 0.5 glaL
Falislie v 02 g 1.2 gral,

Lacithin 0.065 gldL 0.4 gldy,

Mucir Abtent Presant _
O s A s o
Sodiumn 150 mEg/L 135 mEq/L
Falslmi ) dmeaL 22 mEq/L
Polagslum 6 mEqg/L. 12 mEq/.
CHIBHRY" a0 mEql: 10 mEqiL

‘2 ENTEROHEPATIC CIRCULATION
T8

Prassium salfe of hlle

bile acjds, Thers ars o
hollu acid and
med iy liver apd

& hacterial actio )
Iy Wils acids are converted in

| Plearhonate v 30 MEq/L

10 mEq/L

e ——

OF BILE 8Al.

.
y,

Ente}ohepallc elrevlation is the iranspont of substances
from small intGsting

1o liver through portal vein. Abaut
0% 10 96% of bilg sails framintestine are lransparted Lo
liver through Bnterohenatic circulaton. Remaining 5% to
10% of hs bils salls anter 896 intestine Here, the bile
94lts are convensd ino deoxycholate arg ithocholata,
which are excieted in feces.

UNCTIONS CF BILE SALTS

Blle salts are required for digestion and absorption of
fats In the Intestine, The funetions of bile salts are;

1. Emulsification of Fats

Emulsification Is the process by which the fat globules
Ar6 broken dovn into minute drophsts and mads in the
form of & milky uid called emulsion in small intesting,
by the action of bile salls, |
Lipoiytic enzymes of Gl tract cannol tgest the fatg
dirgclly because the fats are insoluble in water dus 1o the
surfacs tension, Bile salts emulsify the fate by reduging
e surfacs tension due 1o their detergant action, Moy
he fats con be eusily igested by lipolytic enzymes.
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1
simulating the

ues indirectly oY
oy sto¥inin. This hormone cat-
ylting in release of hile

L
ally passes through the intes- galis act as cholagog
gecretion of hormone cho

Unemulsified fat ust
tine and thenitie eliminated in feces. p >
Emulsification of fats by bile salis Needs the pres-  8€8 contraction of gallbladder, re3
ence of lecithin from bile. 4
f 5. Laxatlve Action
! Lavativeis an agent which induces defecation. Bile salls
by stimulating pesnsiailic movements of

efled (ats from acl as laxalives

with fats and ihe intestine.

sinthe g, proventlon of Gallsto
Blle salts prevent he formation of galistone py keeping

the cholesterol ana lecithin in solutian. In the absence
of bile &2 tes along with Jecithin

Its, cholesterol precipita
and fopns gallstone.

2 Alsorplion of Fats
elp in the zbsorption of dige

o blood. Bile salts combine
f fats called micelles. The fat
be absorbed easily.

o
o

gile salts h
ne Formation

_intesting int
" make complexes ©
“form of micelles ¢an

3, choloretic Action
ulate the secretion of bile from liver, This

action.
~ BILE PIGMENTS
Bile pigments aré the excretory products|
wo bile pigments

Bile salts stim

action is called choleretic
nbile. Bilirubin

and bilirubin is

4. Cholagogue Action
Cholagogue 15 an agent which causes contraction of and billvardin are the & '
leage of bile into tre intestine, Bile the major dile pigment in human beings.

gallladder and re
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284 Section d ¢ Digestive System

Bile pigments are formed Guing the breakdown o\ . FATE OF CONJUGATED BILIRUBIN

hemeglobin, which is released from the destroyed RBCs
m the reticulcendethelal system (Fig 40 8)

/I
EJFORMATION AND EXCRETION
s OF BILE PIGMENTS

Stages of formation and circulation of bile pigments;

1. Senile envthrocytes are destroyed in reticuloon-
dothelial system and hemoglobin is released from
them

2. Heimoglobin is broken into globin and heme

3. Heme is split into iron and the pigment biliverdin

. 4. lron goes to iron pool and is reused
5. First formed pigment biliverdin is reduced to bilirubin,
6. Bilirubin is released into blood from the reticulo-
endothelial cells
7. In blood, the bilirubin Is transported by the plasina
protein, albumin. Bilirubin circulating in the blood is
called free bilirubin or unconjugated bilirubin
8. Within few hours after entering the circulation, the
free bilirubin is taken up by the liver cells
8. In the liver, it is conjugated with glucuronic acid to
form conjugated bilirubin :
10. Coanjugated bilirubin is then excreted into intestine
through bile,

Deslruction in reticuicendothelial system

o
- ~

ﬁ*“’jv«-——-—- &) SsenileRrBC
I’ :

[

T
Heme

il

Bilirubin

» Globin —————— Reused

» Reused

Urobilinogen

Slages ol axcretian of conjugated bilirgbin
1 In intestine, 0% of the conjugatad i .
convertid into urobilinogen by 'nteshina fl-‘.:'_'.-,."_
Firstthe conjugated bi'irubinis deconjuyated Ntg 1y, \
bilirubln, which is later reduced into urobmncg:_..";,‘
Remaining 0% of carjugated bilirubin fromintagy,,, \
is absorbed inlo blood and enters the liver :hrc;u_?'1 \
portal vein (enterohepatic circulation). From liver,
Is re-excreted In bile
3. Most of the urobilinegen from intestine enters liver
via enterohepatic circulation, Later, it is re-excrelad
through bile
4. About 5% of urobilinogen Is excreted by kidney
through urine. In urine, due to exposure to air, the
urobilinogen is converted into urntilin by oxidation
5. Some of the urobilirogen is excreted in feces as
slercobilinogen Infeces, stercobilinogen s oxidized

to stércobilin,
\yéml. PLASMA LEVELS OF BILIRUBIN

Normal bilirubin (Tctal bilirubin) content in plasma is 0.5
to 1.5 mg/dL. When it excesds 1mg/dL, the condition Is
callec hyperbilirubinemia. When it exceeds 2 mg/dL,
jaundice occurs.

!

’3

Enterchepatic
circulalion

Intestine

Slercobilinogen through feces

Urobilinogen through urine

FIGURE 40.8: Formation and circulation of bile pigmenls

(¥ Scanned with OKEN Scanner



-

).

r
BILE 4
bile are due to the bile salls.

PTIVE FUNCTIONS ,"

,. ABSOR

tions of bile salts. '
1

5 4 FUNCTIONS 7!
products of the

nces excreted in bile are:
per and jron

2}
refef func

TR EXCRETOR

are the major excretory

pigmenls
Other substa
i. Heavy metals like COP

gile
pile.

ii. Some pacteria like typhoid pactetia
iii. Some toxins -
iv. Cholesterol 1 '@
v Lecithin A

vi. nlkaling phosphatase,

4 4. LAXATIVE ACTION

Bile salts act a5 |axatives (see above).

@ 5. ANTISEPTIC ACTION _ L)

Bile inhibits the growth of certain bacieria in the lumen
of intestine by its natural detergent action.

g 6. CHOLERETIC ACTION : z

Bile salts have the choleretic action (see ‘gbove).

n 7. MAINTENANCE OF pH IN
GASTROINTESTINAL TRACT 7
¥

As bile is highly alkaline, it nautralizes tr}_’e acid chyme
which enters the intestine from stomach, Thus, an
optimum pH is maintained for the action of digestive

enzymes. :
»

-

" 8. PREVENTION OF GALLSTONE FORMATION
Refer function of bile salts.

o o LUBRIGATION FUNCTION ;

The -mucin in bile acts as 2 jubricant for the chyme in
intestine.

m 10. CHOLAGOGUE ACTION

Bile salts act as cholagogues (see ahove).

[-/-Chamm 40 4/ Liver S Gatlaad
FUNCTIOMS OF LIVER J

tlvar is the largest gland and one ofthe vital ar
ody. It performs many vital metatelic 53:;'-;5
functions, which are summarized Selen.

-
ZAND e

1
V]
Q
-
N
i

u 1. METABOLIC FUNCTION

Liver is the organ where maximum metabosl
such as metabolism of carbohydrates .

» . )
vitamins and many hormones are carried out
- L.

m 2. STORAGE FUNCTION

Many substances like glycogen, aminc cids, ircn foiic
acid and vitamins A, B12 and D are stored in rwe:' i

m 3. SYNTHETIC FUNCTION

Liver produces glucose by gluconeogenesis. It synthe-

sizes all the plasma proteins and other proteins (except
immunog'-obu'.ins) such as clotting factors, complement
factors and hormo ne-binding proteins. ltalso synthesizes
steroids, sornatomedin and heparin.

= 4. SECRETION OF BILE

Liver secretes bile which contains bile salts, bile

pigments, cholesterol, fatty acids and lecithin.

The functions of bile are mainly due to bile salts. Bile
salts are required for digestion and absorption of fatsin
the intestine. Bile helps to carry away waste products
and breakdown fats, which are excreted through feces

or urine.
| 5. EXCRETORY EUNCTION

Liver excretes cholesterol, bile pigments, heavy metals
(like lead, arsenic and bismuth), toxins, bacteria and
virus (like that of yellow fever) through bile.

a 6. HEAT PRODUCTION

Enormous amount of heat is prdduced in the liver
because of metabolic reactions. Liver is the organ where

maximum heat is produced.

m 7. HEMOPOIETIC FUNCTION

in fetus (hepatic stage), prodt
cells (Chapter 10). It stores vitamin B12 (lecessary

for erythropoiesis and iron necessary for synthe;is
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of hemoglob
n
promole ' Llve
S Productiyy ;f l'?md“t:e
1o 5 Ay
i 8. HE mb
-. MOLYTIC Fyy, Oyl
The senile Ry CTio
deslroyed b\' reli

fter
e a |if
UIDendolhel'esDan o 5

Ombyg,
Poley; y
S elin "m%
NCTIONS OF cALLBLADDER ag® an®
Wi g

Maior
ma;o. functiors of g-’!’-m‘-"’-’dm e
neantration of bile

liver. E
1a] :@lls. 1 0 da
B9 (Kupffar o 2@
- NACTVATION e o5
ut #1500 gile L
Li DRUGS J HORMONES Bile Is continuously 5ecrted rom 20 oy of e 91°
iver catabolize 1n}o intestine only intarmittent’”
parathormone -°=lhtf.-hoi'ﬁ'lones ] siored in gallbladder i 1t 1% require?
It also in e cortlsol H sUChas
) | d Il .
drugs TachvatES the nsulin, gluCaggnQWlh hormone, 2. Concentratlon of BIl® Hbi’édds"

. The fal-s,ol mgs. pan,‘c and eSlngen " 4T et [ g@ of af‘ld
soluble subsig uble drugs are ularly the fat-soluble Bile Is concentrated wihile it 15 = 3b53rb5 ”at:. ine
urine. nees, which are converted into water The mucosa of gallbiedes rapid 7 assi - Bt not

excreted throuah - eleclrolytes, except calcium an e £ithi? are" .
gh bileor p S'BTOI an v, 'aﬂc‘
" 10. DEE lle salts, bile pigments: este’™ . inese suY
’ E ENSIVE AND DE reabsorbed. So, the cancen!rahgﬁ o 0‘ a)
UNCTIONS TOXIFICATION in bile increases 5 1o 10times (7= :
Reticuloe '
ndotheli ; ;
an important rc.i?ehiarll1r t;e“s (Kupffer cells) of the liver pl A atig i ke 7.5 e "
S wer b .
nvolved in the detoxi;cd‘?fense of the body. Liver is zgi The pH of bile decrease? from 5 "[;rfd in alﬁtﬂadder

I Foreign bodies ation of the foreign bodies. pecomes less alkaling when it!
swallowed andsu'ch as bacteria or antigens are
cells of liver by digested by reticulozndothelial 4. Secretion of MUCI” nbil®

.. ) means of ph bl e ; it 1o Dl ;

ii. Reticuloendothelial cells . faﬁocmms' Galibladdersecretes mucinand adds i ‘ts 1 bnc'aﬁt-
substances like interleuki of liver also produce s released ino 1@ ntestine, MU,

factors, which act‘ivat: 1!:: gnd tumnor necrosis  for movement of chyme in the intest™

' 3 immune s
the body (Chapter 17). yalemn o . gitiary Y ter”!
jii. Liver cel i 5. Maintenance of pressure ! .

: r cells are involved in the removal of 1axic ; ipladder paint@!
property of various harmful substances. Removal Duetothe concentrating capacity: 9270 oystem- This
of toxic groperty of the harm‘ul agent is known 2 pressure of about 7 cm H, blhgryf the olease
BS’dEIO)ﬂfICEﬂiOI‘I. pressure in the biliary cyste i ial fof

Deloxification in liver occurs in two ways: of bile into ihe intestine.
2, Total destruction of the cubstances by means R
of metabolic degradalion. _~ FILLING AND EMPTYING OF GgLLBLADDE
L. Conversion of toxic substances Into non- i |
i ysually, the sphincter of Oddi is closed during fasting
the biliary syste™ is only 7 i T2

toxic materials bY means of conjugation with
_glupuronic acid or sulfates.

i ./’ : : '
: -GAl-_LBLADDER. ;

Bile secreted from liver & stored In gatlbladder. The
capacity of is appruxlmately L.
Gallbladder is
(cholecystectomy i
dysfunction. Atter
suffer from any major Jisadvantage: In 50
gal!bladder is absent.

zna the pressure in

gecauce of this pressure, the bile from live
gallb]adder. )
While taking food of when chyme enters the
th relaxation of

der contracts along wi
sphincter of Oddi. Now, the pressure increases to about

20 cm H,0. Because of the increase in pressure, the -

2
bile from gallbladder enters the intestine. Contraction

of gallbladder is influenced by neural and hormonal
factors.

Intestine, gallblad
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from auctal calls !

Common bile qugt ===x @

Duodenum

FIGURE 49_g. Diagram showing the formation of bile from liver and changes taking place in the composition ol

1. Neurat Factor

Stimulation of Parasympathetic nerve (vagus) causes
Contraction of gallbledder by releasing acetylcholine,
The vagal stimulation occurs during the Cephalic phase
and gaztric phase of gastric secretion,

2. Hormonay Facior

When 3 fatty chyme enters the intestine from stomach,
the intestine Secretes the cholecystokinin, which causeg
contraction of the gallbladder.

REGULATION oF BILE SECRETION

Bile'secretion s acontinuous process thcugh the amount
is less during fasting. It staris increasing after meals ang
continues for three hours. Secretion of bile from liver
and release of pjle from the galibladder are influenced
by some chemical factors, which are categorized into

r

%

Chapter 40 ¢ Live, and Gayy,,

‘lﬂ\j” \
:'.
\
® -- Common hepatic cuct Gnrit:raﬁdar
Cystic duct & Absorpian ol

}‘ B Nai

HCO,~ !

cr :’
H,Q

lleum

galiblagder bila

1. Choleretics
2 Choiagogue
3. Hydrocholsretig agents,

1. Choleretics

Substances which increasa the secretion of bile from
liver are known as choleretics.
Effective cholerstia agents arg:
i Acetylcholing
ii. Secreaiin
i, Choracystokr‘nin
iv. Acid chyme in intesting
* Bile salts.

= -

-—

2, Cho!agogues

Cho!agogue is an agent which increases the release of
bilz into the intestine by cor, tracting galiblagder
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Small intestine is th

. the lori . i l
and ileocecal valye, whicF;lyoonc sphincter of stomach

is called small intesti pens into large intestine. It
tine because of || :

c s small diam

ompared to that of the large intestine. But it is loﬁ;e;;

than large intestine. Its length is about 6 meter,
Important function of small intestine 1s absorption.

Maxin?um absorption of digested food products takes
place in small intestine. <

Small intestine consists of three portions.
1. Proximal part known as duodenum
2. Middle part known as jejunum = i:
3. Distal part known as ileum.
Wall of the small intestine has all the four layers as

in stomach (Chapter 36).

1@ INTESTINAL VILLI AND GLANDS:.
__~OF SMALL INTESTINE ;

@ INTESTINAL VILLI
of small intestine is cpygred by
alled villi. The height of vilii 1S about

ter is less than 1 mm.
ells, which aré called

es rise o hair-like
d microvill increase

Mucous membrané
minute projections ¢
1 mm and the diame

villi are lined by columnar €

enterocytes. Each enlero?ytg _g]'J
projeclions called microvilli Villi 2n

POSITION

0
ENTERICU
TESTINE

EQSN OF SUCCUS ENTERICUS
OF SUCCUS ENTERICUS

Chapter

!;;SUccus ENTERICUS

the surface area of mucous membrane by manY fdlf:a
Within each villus, there is a central channel °i’ ins
lacteal, which epens into lymphatic vessels. It ccn@
bl od vessels also.

o
I/CRYﬁ?s OF LIEBERKUHN OR

—" INTESTINAL GLANDS

Crypts of Lieberkihn or intestinal glands are simple

tubular glands of intestine. Intestinal glands do not

penetrate the muscularis mucosa of the intestinal wgﬂ‘.

but open into the lumen of intestine between the vilh.
Intestinal glands are lined by columnar cells. Lining of
each gland is centinuous with epithelial lining of the villi
(Fig. 41.1).

Epithelial cells lining the intestinal glands undergo
division by mitosis at a faster rate. Newly formed cells
push the older cells upward -over the lining of villi.
These cells which move to villi ‘are called enterocytes.
Enterocytes secrete the enzymes. Old enterocytes are
continuously shed into lumen along with enzymes.

Types of cells interposed between columnar cells of
intestinal glands:

1, Argentaffin cells or enterochromaffin cells, which
secrete intrinsic factor of Castle

2. Goblet cells, which secrete mucus

3. Paneth. cells, which secrele the cytokines called
defensins.
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i Rusmiyigeness TIONS OF SUCCUS ENTgg,. |
UNC ! Rlcuﬂ 'i
4 1, DIGESTIVE FUNCTION '.

Enzymes of succus entericus act o the
digested food and convert them into fin P
products. Enzymes are produced and relan. 05

"

R

5 jcus by enterocyles of the vill;. 1,
succus enler 1

...;:_ﬁﬁm S __-_' 5 ._

’Jj‘rd'r"eo-' ylic Enzymes “l

/Proteoly tic enzymes oresentl in succus enleric,,.
the peptidases, which are given in Fig. 41 Tq-;.:"'f
peptidases convert peptides into amino acids Ty

Amylolytic Enzymz2s

Amylolytic erizymes of succus entericus are 'iSfed .

Fig. 41.2.
oy Paneth cel Lactase, sucrase and maltase convert
Venule —=—" /' ; - disaccharides (lactose, sucrose and malose) intq y,
4 ;
Central lacteal——" ",: P - Argentalfin  molecules ofmonosacchande_s (Table 41.1).
Arleriole ———" ¢ cell Dextrinase converts dextrin, maltose and Maltrigsa
. into glucose. Trehalase or trehaiose qucohydchasE

Zone of milosis —-----*
causes hydrolysis of trehalose (carbohydrate present in

FIGURE 41.1: inteslinal gland and villus mushrcoms and yeast) and converts it into glucose

ipolytic Enzyme
& BRUNNER GLANDS i Y 9
Intestinal lipase acts on triglycerides and converts them

Inadcition to intestinal glands, the first part of duodenum into fatty acids.
conlains some mucus glands, which are called Brunner

| glands. These glands penetrate muscularis mucosa and a2 ’EOTECTWE FUNCTION
/ exterid up to the submucus coat of the intestina! wall, /P _ )
| Brunner glands open into the lumen of intestine directly. k Muecus present i (hersucaus snferfous! protects
Brunner gland secretes mucus ard traces of enzymes. the intestinal wall from the &cid chyme, which
.' enters the intestine from stomach; thereby it
[ PROPERTIES AND COMPOSITION prevents the intestinal ulcer. -
OF SUCCUS ENTERICUS ii. Defensins secreted by paneth cells of intestinal
glands are the antimicrobial peptides.
These peplides are cailed naturai peptide antibiotics
because of their role in killing the phagocytosed

bacteria.

Secretion from small intestine js called suscus
entericus.

//PROPERTIES OF SUCCUS ENTERICUS

Volume : 1800 mL/day
Reaction : Alkaline
pH : 8.3

/’5. ACTIVATOR FUNCTION

Enterokinase p-esent in intestinal juice activates
trypsinogen into trypsin, Trypsin, in turn activates other

enzymes (Chapter 39).

//composmow OF SUCCUS ENTERICUS
4. HEMOPOIETIC FUNCTION

Succus entericus contains water (99.5%) and solids
(0.5%). Solids include organic and inorganic substances  Intrinsic factar of Castle present in the intestine | lays
(Fig. 41.2). Bicarbonate concentration Is slightly high in  an important raie in erythropoiesis (Chapter 10). It is
succus entericus. necessary for the absorption of vitamin B12.
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Chapter 41 4 small |ntesting

. ‘uctus;‘ehlhﬁ-&us"

W'I.‘er -8g; =%

Sollds - 0.5%

=

‘Enzyiies ..
. ie":\}?idagés 1. Mucus i % Priosph
AR ino peptida 2. Intrinsic fact i ]
2 Dipeplidase “oensns 3 S
2. Tripeplidase =
Enterokinase
FIGURE 41.2: Gomposiﬁon of succus entericus
)8
m 5. ACTIVATOR FUNCTION

5~HYDROLYTiC PROCESS

he enZYmatlc reactions of Refer functions of succus entericus.

Intestina! juice- helps in all t

digestion. .
. # 6. HEMOPOIETIC FUNCTION

B FUN CTIONS
/// 0 OF SMALL INTESTINE Refer functions of succus entericus.
g 1. MECHANICAL FUNCTION 4
- a7 HYDRDLYT'.C FUNCT\ON
entericus.

helpinthe thorough )
Refer functions of succus

f small intestiné
like succus

with the digeslive Jmce
atic juice and bile.

Mixing movements ©
mixing of chyme Wi
entericus, pancre

e enz\,rmes of succus entericus

TABLE 41.1: Digestiv

Ammo ac‘tds

m 2. SECRETORY FUNCTION ‘ -
Small intesting secretes succus entericus. enterokmase Pep’udases Pepudes
_and the G hormones. . - . !'1 4 ﬁtﬁ%@?ﬁg@ﬁgy i m@v "Z'% ﬁﬂ?ﬁﬁ?@?’*
Maltose and
Glucose

g
:

NCTION Maltase maltnose

many Gl hor
tc. These hor

Galactose.and . | -

i HORMONAL FU
i -Lactose g L
. .glucose” - \

small intestine secretes

mones such as
mones regulate

secretin, cholecystokinin e
the movement { of GI tract and secretory activities of small Dextnn e
intesting and pancreas (Chapter 44). s Slucose
s 4, DIGESTIVE FUNCTION Tighialssa , Treislose ' Glucose
, Intestinal hpase Triglycerides Fally acids
\

yccus entericus.

Rrefer functions of s
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x enenTus St e | .

B OARSOIPUIVE FUNGTIONS \dsccensmct-en and ucC;LhL.SES {”]Lithlre“:n .

- ) SMALIISINGI USSR s e Bt the role of these r_“!,’\L_S N the ¢4
S o vl vl small Yo facinates | Sntericus al secretien in physio'ogica) con
reates ‘\r Sface anes of musosa. This fachitates of intestinal s !
Wreawes e surfate e of mw intes
o ‘\“‘*““‘\““ AT of indestine, uncertain,
MU NRLAREARANY AN

OSAAN o0t of HOSRUE, proteins, carbo- However, the local nenvous reflexes
s . PS4 oe > sudstances sueh as | t role in increasing the, secretion of !
TOTRNN BN AN ather nus WO sudstances s impertan

s S

i [n‘e‘ '
. 1 s i : 4
VRIS mheralandwatersie shsarbed mosty insmall juice.Whanchyme enters the smal) Intesting, tha m

Al g . ' ) . c\
PRSSINS. From the henan of intasting, these substances s stimulated by tactile stimuli or Ifritation. |y Causgg .
aass :r.*.;\.:-:‘: Soteat of vk, cross the mucosa znd enter development of 'ocal nervous reflexes, Which stimy)q

WS

e wR U B

13
2

7 900 Seaty o trough ymphatics. the glands of intestine.
[Adsaprian of Cordohysrates " HORMONAL REGULATION

Refe Chamer e Whenchyme entars the small intestine, intestinay Mugog
secretes enterocrinin, secretin and choIecystokin:‘n_

SSsarton of Sroveins which promote the secretion of succys entericys 4,

Nt Lhapterey stimulating the intestinal glands.

ASSormden of Fars METHODS OF COLLECTION

S Chansar oy OF SUCCUS ENTERICUS

Sdsommson oF Watar ! 7 ® IN HUMAN
N smalintess is Toed actively, |t In human beings, the intestinal juice is Collecteq by
S responsibls Sbsomtion of glucose, aming using multilumer tube. The multilumen tube jg inserteq
S=3s endothar Substancss by mazns of sodium

through nose or mouth, until the tip of this tube leaches
the intestine. A iine is narked on the tube. Entrance of

. [OVES N oF out of the intesting| lumen i of the tube into smell intestine is indicateg when this
i s osmotic STEssurs of intesting] Contents line comes near the mouth. This tube has three lumens,
becomes Sgual {o that of Plasma,

8 In 2oum, chlorids ien js acively absorbed in
SXchangs for bicarbonate. The significance of
ihis Sxhangs is not Known.

N Csichmy s aclively absorbey mostly in upper
B=rnofsmal infsstine.

BN ANIMALS
Absorption of Vitamins Thiry L oap
Most of S '.i:amins‘ E€ absorbed in upper part of portion of intestine js Separated from the gyt by
Smal Iniestine ang vitamin B,, is absorbed i ileum, o o

: e e En Incising at both ends. The cul ends of the main gut are
ADScrption of Weler-soluble vitzamins s 'aster than fat- i

connected 'and the continuity js re-established. One
SCiuDie vilamins end of isolated segment s closed and the other end is
Ve _ brought out through aboominal wall, |t js called Thiry
{ /8 REGULATION OF SECRETION loop or Thiry fistula,
X oFsuceus ENTERICUS
) \é;;s"rezr'cn OF succus entericys js fegulated by both  Thiry-Vella Logp
nehvous angd formong; Mechanisms,

long segment of intestine is cut and separateq from the
¥ NERVOUs REGULATION '

Stimulation of parasympathetic neryves causes vasg- through the abdominal wall. The cut ends cf the main
s S
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Large Intestipe
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E UrfﬁEDNAL ANATOMY .

i STREIS OF LARGE INTESTINE *

SECRETIC(::)TURE OF WALL OF LARGE INTESTINE

ol NS OF LARGE INTESTINE

x PUNC‘?SITION OF LARGE INTESTINAL JUICE

FUNET! IONS OF LARGE INTESTINAL JUICE
CTIONS OF LARGE INTESTINE

ABSORPTIVE FUNCTION

FORMATION OF FECES

EXCRETORY FUNCTION

i SECRETORY FUNCTION

m  SYNTHETIC FUNCTION

DIETARY FIBER
APPLIED PHYSIOLOGY
DIARRHEA
CONSTIPATION
APPENDICITIS
ULCERAT[VE COLITI

= 5

S ——

CTIONAL ANATOMY
GE INTESTINE

o

FUN
LAR
e intestine or colon exten

lLarg

ds from lleosecal valve up

i
I
OF )

H

lﬂSTRUCTURE OF WALL OF
LARGE INTESTINE

/Wali of large intestine is formed by four laye

structures like any other part of the gut.

1, Serous layer: It is formed by peritoneunt
f large intestine

rs of

1o anus (Fig. 26.1).
ARGE INTESTINE 0. Muscular layer. Smooth muscles 0
,PAFTS i g lowing parts: - are distributed in two layers, namely the outer
Large intestin? 18 made up of the following P longltudinal layer and inner circular layer. The
1. Cecum wilh appendi 3 iongltudinal muscle fibers of large intestine are
2. Ascending colon arranged In the form of three long bands calied
i. rTJ rﬂﬂs;'fne;jsnf’g Gfog‘n tenla coll, The length of the tenia coli is less when
- Desc , compared to the length of large intesti
s olon ine. Because
5 Sigmoid colon of pevic € of this, the large intestine is made into series of
6 zecl";';nm pouches called haustra
7. Ang :
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in large

3 Submucus layer: It is not well developed in la g
intesting i

4. Mucus fayer: The crypts .o[ Lnlharkm1T|”ar$hp?$sare
In mucosa of large Inlestine, But the v t vl
Present in mucus membrane of small Intes créting
absent In the large Intestine, Only |'n|.1t:u:%-fset ol
31a‘hds are present in the mucosa of large intestine.

’fSECRETIONS OF LARGE INTESTINE

Large inlestinal Juice s a watery fluid with pH of 8.0,

B COMPOSITION OF LARGE INTESTINAL JUICE

Large inlesting| juice containg 99.5% of water and 0.5%
of solids (Fig, 42.1). Digestive enzymes are absent s_and
concentration of bicarbonale | high In large intestinal

Juice,
_/C{WCTIONS OF LARGE INTESTINAL JUICE

Neutraljzg tian of A cids

Strong acids formeg by bacterial action in large intestine
are neutralizeqd by the alkaline nature of large intesiinal
juice. The alkaifnily of this juice is mainly due to the
Presence of large Quantity of bicarbonate.

Lubrication Activity

Mucin presen

tin the Secretion of
ricates the

MUcosa of large intest
Contents, s that, the Mavernent of

Mucin al¢q protects the Mucus Membrane of
large intesline by Preventing the damage ~aused by
Mechanicg| injury or chemica Substances,

large intestine lub-
ine angd the bowe|
bowel is facilitated,

Large intestinaj Juice
"'*"«—-—-'--‘-r """"'-—u—....__,‘___‘-*

Solirs — 0:5% .

"Inorganic
SUbslances
1. Sodiym
Caleium
- Polassiym
. charbonale
5. Chioride
6. Phosphale
7. Sulfatg

FIGURE 42,1, Composition of large Intestin| Juice

1

'

/, Chapter 42 ¢ Large Intestme 2%

r//Fur»icﬂoms OF LARGE INTESTINE
u 1, ABSORPTIVE FUNCTION

Large intestine plays an important role in the absor,
a .
of various substances such as;

i, Water

ii. Electrolytes |

iil. Organic substances like glucose

iv. Alcohol | |

'V Drugs like anesthelic agents, Sedatives gny

steroids.

Cn

1 2. FORMATICN OF FECES

After the absorption of nutrients, water and olhe,
subslances, the unwanted substances in the largz
intestine form feces. This is excreted out.

¥ 3. EXCRETORY FUNCTION

Large intestine excretes heavy metals like mercury,
lead, bismuth angd arsenic through feces,

B 4, SECRETORY FUNCTION

Largeintestine Secretes mucin ang inorganic Substanceg
like chiorides and bicarbonates.

B 5, SYNTHETIC FUNCTION

gacterial flora of large intestine S
vitamin Vitamin K.
intestine contributes in erythrop
clotting mechanism.

ynthesizes folic acid,
By this func'u‘on, large
oietic activity ang bload

DIETARY Fig ER

R
etary fiber or

that it s

acterial mas
in turn, degrads the ferme
fiber, Thus, | i

broken down 3
Components are excreted t
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| = FILLNG anp OF STomMACH
| B Von D EMPTYING OF 3
| m MovEWET O SIOMACH
i WVENENTS OF \
| ® MOVEMENTS S o e
i : DEFECATION LARGE INVESTINE |
] 0 -
N OF GASES FROM GASTROINTESTINAL TRACT
MASTICATION o /
_ - /4 CONTROL OF MASTICATION 1 s
 chewing IS ihe st P v T —N o
S5 f_‘-‘-‘«“-—u_-!ﬂ process  Action of mz-toation is moslY a refiex P ?,.cisﬁcaiion
X J“_=5*-- by which ihe food camied out volunterily 2iSC- The center 17 uscies of
g cut in‘o smal caricies and S situzted in medulla and cerepral SO on £ 5th
d mipz soh bolus. mastisztion are supplied BY mandibule? st
e 2 craniel (tigeminz)) nerve.
- -nificances of mestication i P
2 Wiing of ssiva wilh oo subsiEncss thoroughly Dpefinition
3. iubriczton ant moisizning of Gry o DY szfive, S0 o nich 00
st 3z bolus c2n 02 ezsily swalloyr=d Deglutition or swallowing is the process py which !
4. Agprecistion of st of the 000 J moves from mout ito StOmeCT:
_/ - = o5 of Degluiition
m WUSCLES AND THE MOVEF.’:ENT_S
OF MASTICATION : Deglutition occurs in thres stages: a
s _ QOral stags. when food moves from mouth 1O
soscies of §1zstication i pharynx
IS— ” ~ pheryngeal siggs. when food moves from
R S ) pharynx to esophagus
: ~ Esophageal stage, When fo0d mMoOVes from
esophagus 10 stomach.

Ity m

mporal must
d musCiES

Opening 2nd ciosure of m_oum
: _ovements of j3¥
sraction Of ¥

gic

means of sen

/ ORAL STAGE OR FIRST STAGE :
a voluntary stage. In this

Orai stage
stage, the bolus fro

of deglutition s
m mouth passes into p

ses of actions.

harynx by
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& sl £ iziudin LTI “one,
I ' i”r 43 ‘, !zf;ffﬁ.-‘fr *! s et el 79
<A
” o
l (hr s (s 1B TS BIEGS fep e, et il il 3
. ¥} Ll thr ity 6 ¢iilltres ,:.'_4._:- Atit,e anriiy ¥ \
b thvan i 000l S saconds s cilli |
Qe AT BT e
vipreegte o ok fovarily ol
i
sletosdarsal sutlate ol i
b Blun e placed guar Pttt den sl Dagluthion wune

tangue 10is called (o Pt findististy |»n-'.-flr;ar "
- Ankation part ol tengue 16 mtiacle o o 0 ";r lr-;r.l
:I Postarion part of ongue in elovalad and rt‘: Ijolfm
- agninst the hard polato, This pushos tno b
bisckwards nto (he pharyny _ A

4 Forelul conlmelion of 1ongun ﬂﬂh\!ﬂb! (e M:?o;
Protuces a positive praasure In the ot [;.r' ;
oral eavity, This also pushes (he food Il phiryny
(Fip. 43.1),

B PHARYNGE AL OTAGE OR BECOND 8TAGE

Fharyngeal stage (s an Involuntary stago. i) lhifi slage,
this belug |y Pushed from pharyny into (hy usaphagus,
Pharyns is & common Pawsigy for lood aned alr, rI!
divides inlo laryny and esophagus, Laryny fioy anlf:-’i?!l:’
and conlinues gy fesplratory passage, Esophagus los
bohind hg larynz ang conlinuos ag GI ract, Gince
Phatynx: communicatgg with mouth, nogg, laryrz and
CRophagus, during (hig olago of Juglutition, bolug from
the pharyny can onler Into four pathg:
1. Back inlo mouth
2. Upward inta nasopharyny
Forward into laryny
4. Downward inlo csophagus,

However, dug lo varloug coordinatod moverments,
bolus is made 1o enler only (he Gsophagus, Entrance of
bolug through othgr pathe ig ymod as follovss;

1. Back Into Mouth

Relurn of bojyg back Into the moys I prevented by

I Pogition of tongue againgt the 80t palate (roof
of the mouth)

Il High Intraoral pressure, developag by the
movement of longua,

2. Upward Into Nasopharyny /

Movement of bolus infy (he nasopharyny from pharyny

I3 Prevented hy elevation of soft

palatp along with ftg
extension cuffeq uvula, 4

(),/

3. Forward into Laryny

Movemen( of bolus into (he larynx is Prevented by (he
following aclions:

. Approximation of the voca cords
il Forward and upwarqd movement of larynx

iil. Backward movement of epiglottis to seal the
opening of the larynx (glottls)

Aifd areal ol r:';,-.*f..f.g Leen Eit..
a6 1ntraary arcast of e iR,
gt "’”mm“lr;lﬂt‘:;;:; ﬂrffnr:a 5 16 311684 of frepy,
A vl HIng
”,;ﬂﬂal Gf &Y/

g salutition,
dutlng pharyrges) stage of deg 7 /

j1h6 aihe ars iosed, the foue &% 1,
s ol o 08 gt T mes 12
paus only through the 6505 su"g . TVE 60118 by 1,
comblned effects of vadious factury. |
sernblng ) wrerrent of layny Welches o,
I Uptiard  norerrs
opening of egophagus | ‘

. Birultaneously, pper ;‘:f 4 o : ;;'-,c;,;_g:_ s
relaxes, This part of GLOpNBYUS 1% rrmed +, /e
cricopharyngeal niusale znd it js calied ugg,,
asophagesl sphincter or pharynggr,.%pmgs 2l
ephinctar _ |
A IhG same time, seristaltic oo a’,";c,r;f-. s
the pharyn due t the contrzetiy s, o phary,
mugcles ’

Elevation of larynz zlzo lifts the glotris auzf from
the food pzssage,

All the factors mentioned aboye 2t togetnzr ¢,
that, bolus moves eagily |.1{lo the Esfupnagur_ of
process takes place withir, 1 1o 2 Seconds and thig
process ig purely Involunizry,

£
L
;

4. Entranee of Bolus Inte Egaphags

Il

I,

M ESOPHAGEAL STAGE OR THIRD sTaGE /

Esophageal glage is also an involuntzry slage, In
this stage, foud from €sophagus enters (he Stomazch,
Esophagus formg the passage for movemszr.t of golys

Gl fract
When bolyg reaches the €sophagus, the
waves are initjateq. Usually, two types of
conlractions are Produced in E50phagus,
1. Primary Peristallic conlractiong
2, Secondary Peristallic con tractions,

Peristaltic
peristzliic

f/
: Primary Peristaltic Contractions i

When bojus reaches the

PPer part of €sophagus, the
Peristalsis starts.

This is known ag Primary peristalsis.
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FIGURE 43.1: Stage it
ges of deglutiticn. A. Preparalory stage: B. Oral stage; C. Pharyngeal stage; D. Esophage e

After origin, the peristaltic contractions pass down
thlrough the rest of the ésophagus, propelling the bolus
towards stomach. :

= Pressure developed- during the primary peristaltic
contraclions is important to propel the bolus. Initially,
the pressure becomes negative ‘in the upper part of
esophagus. This is due to the stretcfing of the closed
esophagus by the elevation of Farynx,lBUt immediately,
the pressure becomes positive and increases up to 10
lo 15 cm of H,0. 3

2. Secondary Peristalfic Contractions /

If the primary peristaltic conlractions are unable to propel
the bolus into the stomach, the secondary peristaltic
contractions appear and push the bolus into stomach.
Secondary peristaltic contractions are induced by
the distention of upper esophagus by the bolus. After
origin, these contractions pass down like the primary
contraclions, produc.ing a positive pressure.

" Role of Lower Esophageal Sph.ﬂ'ncfe?

Distal 2 to 5 cm of esophagus acts like a sphincter
and it is called lower esophageal ‘sphincter. It is
constricted always. When bolus enters this part of the
esophagus, this sphincter relaxes so that the contents
enter the stomach. After the entry of bolus into the
stomach, the sphincter constricts and closes the lower

end of esophagus. The relaxation and coristriction of

sphincler occur in sequence with the arrival of peristaltic
contractions of esophagus.

DEGLUTITION REFLEX

Though the beginning of swallowing is & voluniary
act, later it becomes involuntary and is carrisd out By

2 reflex action called deglutition reflex. It occurs during

the pharyngeal and esophageal stages.

Stimulus

When the bolus enters the orapharyngeal region, the
receptors presentin this region are stimulaied.

Afferent Fibers

Afferent impulses from the oropharyngeal receptors
pass ‘via the’ glossopharyngeal nerve fibers to the
deglutition center.

Center
Deglutition center is at the floor of the fourth ventricle in
medulla oblongata of brain.

Efferent Fibers

Impuises from deglutition center travel through
g[ossopharyngeal and vagus nerves (parasympathetic
moter fibers) and reach soft palate, pharynx and
esophagus. The glossopharyngeal nerve is concerned
with pharyngeal stage of swallowing. The vagus nerve
is concerned with esophageal stage.

Response

The reflex causes upward movement of soft palate, 10
close nasopharynx and upward movement of larynx,
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tor 43 4 Movernents of Ggglrmnteshnal/]'ram N
Chapter

¢f movements in sirmach

st
Hunger contraclici s

1 . s
7. Receplive reiaxalion
3. Peristzlsis.

/ / |
0 S e MY NS
N LPELED PRYBIGLOGY /;(\ m 4, HUNGER CONTRACTIO \
1. Dysphagis conractions 2@ the movements of Empty ,
. }ors ranne .-d.H.A--"-; N ervzlioning, Huncer_ f o e i2laied o the Sensa.
witFEge meang o B Atz - siomach. TIEs i
Coss of Gysohagis Mjngznn&cﬁms are _the peristaltie waves
Mecenieal obstruction of escphagus due 1o Hunger " the contracli

5 o il 7 ctions o gastric STodth
e ch- . over the contra ' gas i

ko, strichures, diverticuler hernia {out pouch supir;:;,:zs:ﬂwho’e‘ This type of. pe?.slaﬂlc Waves jg
13 of e wel), etg, mus ne digestive peristaltic Contractions,
: :_:ém.w;: g--rj';v,-er:-.r.-.-:t of esophzgus due to different from the digestive p

e e ey

c i istzltic contractions usuzlly oceyr in
ezl Sisorders such 25 pzlr’unst_mism The d'gﬂ’m’? ;_;f r;ns of the stomach, By Peristaltic
Visseizr Cisorders tepging 19 chficulty in swell- body and pyioc tomach involve the apyirg
QU3 Cuing ora) Slame o Teopnzgeslsiage.  oniractions of emply s

ions a2 2 of thFEE { pes:
stomach, Hunger confraclions ar =< lypes
L. ELophs geel A hzlz

i3 or Achalasia Cardia

ions

' ‘ NE'zcin pardia i - Tyoel Hunger Contractio

“SoEegel oohzisis o BiN2.25i2 cardiz i5 2 newro . e st conracs
=ErEez] aonzis ‘ o ' ; ‘ :

sty Csezse -EElerized by 2Ctumuletion of Type | hunger contractions are the f{ Ontractiong
o Sstiznces i

"% escphegy PI2YENNNg norma
r L.

to 2ppear in the empt stomach, when the tone of the
s 23415 of lower esophagea) g?st%%nmj““‘ Qui. Each contraction lasts for gy
(2ediz) somings. . 10 rEzx during sy oing, The zogy-

' & 20 seconds, The inferval between comracﬁans-Is about
Tzl foes SUbstancss couss Silztation of £50phagus, E YT seconds, Tone of e muSCies does not increase
s = e
Fezlures of $20phzgez] 2chatasis between contractiors. Fressure produced 0y these
] fzni Contractions is about ScmofHO )
i, 8;5;;33:2 ] -
b Chest oz )
A Wiz r ractions
e WEgh toes Type if dunger Contra
“ Cough Type 1l hunger contractions 3ppear when the ione of
stomach is sir et. Tone increases in slomach if foug
z Gﬁwmw‘r hageal Fethux Dizeaze (GERD) intake js Postponed, even after tie @ppearance of the
- . ‘ ” 5 - i """__"_‘-'--_..:_ -
G270 i 2 Sizorder Chzrzdiefizad Df r2gurgitation bynt conlra;bons Each of the lyp_ae I contractions
of zcigic G2 content thiough S70pnagus, The  lasis for 20 Seconds like type | Contractions, Byt the
PG RS st contens flows into pharyny of mouth,  bause between
—_‘51\-11'”"-‘":’_; "

the contractions is decreaseq, Pressure
“ZUSEIN I8 due to the ¥i22kness of incompetence produced by these contractions is 10 1015cm of H,0.
(ziurety COnsEt) of lower €20phages| sphincter, =
: Type It Hunger Zontractions //

i ez burg o P/10518 (p2inful buming sensation T:;]':; Il hunger coniractions

5 19 fegurgitztion of aeigie g3stric <ontractions appear

are like incomplete tetanys,
oonitert into FEophagys)

when the hunger becomes

2evere and the ONe INCreases 1o a reat extent, ype |||
. Esophagiys liafizmnmation of £50phagys) Aunger conlraclions are ;2elem
i, D}zp?é.gia

.*Man as the foog jg taken
usually before the 3ppearance of these Conlraclions,
2 of woice hese Contractions |agt for 1 I
CEI8 Of cancer {in chro

utes. The Pressure
yas%}. Produced by these contractions ing
a MOVEMENTS OF STOMACH

reases to Wlo 20
CmofH 0,
@hen the stomach is e
i
Forbifbinn of £m

090 mugcles of omach increage Cuing g still pestponeg, then type || contr
G551 digestion (ymer, #19m22h it filled vy food) ang
When the slomach e enmply,

1 Coush z0d chzn
. E%phages) y)
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274 San
il Sectlon d ¢ Digestive System
Ll 'f"

PTIVE RELAXATION &7 i
' ! yme

Roeceptive ral

: axatlon Is i i
tion of = 1@ relaxation
o the alo of tha upperpor-  Chyme is the semisolid mass of partially digested foad

; mabh when b :
CSOPNAGTE T oalvee | alus enters the stomachiro
PPRAGUE T invalyes the fu e stomachsfrom  that Is formed In the stomach ls ac
IE‘UU) of s:!omuchﬁ siqn"iémguﬁﬁa—uppar partofthe  Acid chyme Is emptied fron? ;tc;r:—; 'antid!fh o Talu're.
oodt easily, WIhout much Inore is to acccmmodalte the  sjowly, with the help of peri il
the stomach, This prog 1 Increase fin pressure Inside nboutlfi lo4h Ip sy B e Mt
stomach ) ess Is called hecommodation of  emptying is neoctg:::r;et?gz:;!gaglt:eercnhaytndj?‘ ‘:ls 510‘:
~ : g i igesticn an
/' { maximum (about 80%) absorption of the digested food
‘ materials fram small intestine. Gastric emptying occurs
L \When food ) due to the peristaltic waves in the bod i
T S in the body and pyloric pari
slomach, the peristaltic contrac-  of the stomach and simultaneous relaxation of pyloric

-I“O‘I\,Of sarietalli
petistallic wave appears witiy a frequency of 3 sphincter.

t‘l; 3 PERISTALSIS

[

per minule, [l 3
stomacty; pa;:éirtﬁ'n:rool.:‘nhth; lower part t_:rf the bndy c_af - Gastric emptying is influenced by various factors of
sphincter. gh e F‘Ylor_::s till the pyloric  the gastric.content and food.

ltially, the contraction : ys.a slight i
; ' appears gs.a slight inderta-  Factors Affecting Gastric Emptyi
:‘D": on the greaterfand lesser curvatures and travel J e
t:‘;‘:zds );:l_cruls. e ontraclicn bacofiea deqperwhile™ 1~ YoRume of gast ic content
i .’.”9% inally, it ends with the constriction of pyloric
sphir et OmeoftheWaves'disa‘ S < For any type of meal, gastric emptying is directly
A ppear be.ore reaching :
the sphincter. Each peristaltic wave takes about one ?smrf‘grrt'm;alléfgéhZ;grnr??; g;ﬁ:ﬂ:ﬁ:‘i 3 ?tc:m?‘:h
L= e intestine

minute to travel from the point of origin to tne point of .
rapidly.

"\

.Th.js-!ﬁ? of periSI_a!tiC .Con[radion‘fé called diQEStiVE 2. Consistency of gasfﬂc contenl

peristalsis pecause it is responsible for the grinding of.

food particles and mixing them withl” gastric juice for Emgtying of the stomach depends upon consistency

digestive activities. (degree of density) of the contents. Liquids, particularly

the inert liquids like water leave the stomach rapidly.

t
Solids leave the stomach only after being converted

B FILLING AND EMPTYING OF STOMACH

F % into fluid or semifluid. Undigested solid particles are not
/\- FILLING OF STOMACH ansily aiped.
While taking food, it arranges tself in the stemach in 3 chemical composition

different layers. The first eaten food is placed 2gainst
the greater curvature in the fundus @nd body of the  Chemical ccmposiﬁonofthefcoda]soplaysénim;ortant

stomach. The successive layers of food particles lie  role in the emptying of the stomeg... Carbohydra es 3re
nearer, the lesser curvature, until the last portion of  emptied faster than the proteins. Proteins are emptied
food eaten lies near the upper end of lesser curvature,  faster than the fats. Thus, the fats are emptied very

adjacent to cardiac sphincter. : slowly.
The liquid remains near the lesser curvature and _
flows lowards the pyloric end of the domach along a 4 PH of the gastric content

- V-shaped groove. This groove 19 formud by the smooth— aqyie emptying is directly proportional to pH of the
But, if a large chyme

" muscle and it is called magenstrasse.
quantity of fluid is taken, it flows around the entire food
5. Osmolar conceniration of gastric content

mass and is disiributed over the interior part of stomach,
betwe Il of the stomach and food mass. _ L ;
L Gastric content which s isotonic to blood, leaves the
stomach rapidly than the hypotonic or hypertonic

s EMPTYING OF STOMACH
content.

A Gastric emptying is the process by which the chyme
o intestine. Food that is _k’REGULATION OF GASTRIC EMPTYING

from stomach is emptie
swallowed enters the stomach and remains there for
igestion takes olace. Gastric emptying is regulated by nervous and hormonal

about 3 hours. During this period, d
Parlly digested food in stomach becomes the chyme. factors.
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Chapter 43 4 Movements of Gastrointesting Tragt 27y |

¢ Bsychostimuihinduced

Vomiting
LB I >

5

for mixing
ion of food and

s of Movemants of Small intestine

121 intestine are of four types:

moior complex

& 1. MDING MOVEMENTS

'SmEnts of smzll intestine zre resoonsible
i with digestive juices such
» blle and inestinal juice. The
T small intestine are segmentation

E=tion confreciions are the common type of
of smzll intestine, which ocour regularly or
Butinerhythmic fashion, So, ihese movements
‘i2d rhythmic segmentation coniractions,

iraciions cceur st regularly spaced intervals
tion of intestine. The segment of the intestine
 in ezch contraction s 2bout 1 to 5 cm long.

Enis of intesting in between the contracted

J-

=
o
7
M
)
3

& o

SIMENs zre relzxed. The length of the relaxed
SECMENIS is same as that of the contracted segments,

|

m
n

nese aliemate segments of confraction ai.w relaxation
Ve appearance of rings, resembling the chain of
2usages,

After sometime, the contracted segments are
relaxed and the relaxed Segments are contracted (Fig.
43.2). Therefore, the Segmentation contractions chop
the chyme mzny times. This helps in mixing of chyme
with-digestive juices,

0
({1}

n

: Al Pendutar liovemeni

_F’emz‘ylar Movement is the swzeping movement of smal|
intestine, fesembling the movements of pendulum of

\
clock Small portios of intestine (loops) Swisep forwy, |
ard backward or upward and downwarg, Itis g tYpe X 1
mixing movement, noticed only by close obsewaﬁo” 9
I!Hheips in mixing of chyme with digesn._,ejmces .

%RDPULSNE MOVEMENTS

Propulsive movements are the Mmovements of smay
intestina which push the chyme in the aborg| direcnaé
through intestine. The propulsive movements are \
periﬁaltic moverents and peristaltic , ysh

ﬂ'/ﬂen'stamc Movements

Peristalsis is defined as the wave g Contraction
foliowed by wave of relaxation of muscle fibers, 1n g
tract, it always travels in aboral direction. Stimulation of
smooth muscles of intestine initiates the peristalsis, |;
travels from point of stimulation in both directions, But
under normal conditions, ths Progress of contractiop, in
an oral direction is inhibited quickly and the contractions
disappear. Only the contraction that travels in an abora|
direction persists.

arling’s law of intestine

Depending upon the diraction of the peristalsis,
intestine’ was put forth by Starling.

According to the law of intestine, the feésponse of
the intestine for a local simulus consists of 5 Contraction

‘Law of

Peristalsis

>egmentalion contractions

FIGURE 43.2: Movements of small intestine
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o
J«#. MOVEMENTS OF ViL.LI

Intestinal villi also show moverments simultanaously
along with in'estinal movements. It 1s because of the
axtension of smooth muscla fibars of the intestinal wall

DOTVUSD oF o .

valooy of “\w‘“::t,.# i3 very glog i ? chyme i Movements of villi are shortening and elongation,

S8 0 M b _“'\“t’-‘*l of the chyme s I:- ']t average W iich occur alternatively and help in emplying lymph

~"~%'£ée:~.;-.7~,~‘n:.'l.'i'"e eguires 59\*‘&1( h:-1 :os \.han 1 em! from the central lacteal into the lymohatic system. The
?e&!;\:\me end of smal) i-"ttev-tihh s to travel from  Surface area of vilii is increased during elongation This

O e WEVES i small inte ™ helps absorption of digested food partic'es from the

FEIENEY Immadna all intestine increase to a  lumen of intestine

gastroenteric ¢ ecliately aiter ameal, This s because o Movements of vill

i reflex, which i initiale‘:-i i e. ause of ; 0 ents of v i are caused by local nervous

QH‘\:: :\ Imoulses for this teflex v the EiISIEntion re exes, which. are Initiated by the presence of chyme

Stomach aleng the wall of the in are transmitted from small intestine. Hormone secreted from the small

Dlexus. ae intesline via myenteric intestinal mucosa called villikinin is also believed to play

f‘,‘-v«' an important role in increasing the movemeants of villi,
At Peristaite Ru Y
- ¢ Rush Vrﬁ)vEMENTs OF LARGE INTESTINE

Somatimas . 3
:-;: c‘c: ,e;}hf small intestine shows a powerful peris-
itinal m “f::' It is caused by excessive irritation of
sunal ---l‘.\.-\.aa or extreme dis:ention of the intestine.
,fawe.rfui c;mlreczion begins in ducdenum
it Whrough entire length of small intestine and
o .‘es L?e llegcacal valve within few minutes, This is
callsd peqistallic rush or rush waves.
Peristaltic rush sweeps the contents of intestine into
the colon. Thus, it relieves the small intestine off either

irritants or excessive distention. s

& _3: PERISTALSIS IN FASTING -
MIGRATING MOTOR COMPLEX

Migrating motor complex is @ type of peristaltic
contraction, which occurs in stomach and sma llintestine
during the periods of fasting for severai hours. It is a'so
called migrating myoelectric compiex. It is different
from the regular peristalsis because, a large portion of
stomach or intestine is involved ia the contraction, The
contraction extends to about 20 to 30 cm of stomach or

ntestine. This type of movement occurs once in every
v

114 to 2 hours. O Mo
It staris as a moderately active peristalsis in the

body.of stomach and runs through the entire length of
_small intestine. It travels at a velncity of 6 to 12 cm/min.
Thus, it takes about 10 minutes to reacn the colon after

taking origin from the stomach. =

Significance of Peristaisis in Fasting

eeps the excess digestive
prevents the accumulation
niestine. ltalso sweeps

Migraling motor complex sw
secretions into the zolon and
of the secretions in stomach and i
‘he residual indigested materials into colon.

Usually, the large intestine shows sluggish movements.
Still, these movements are important for mixing,
propulsive and absorptive functions.

Types of Muvements of Large Intestine

Movements of large intestine are of two types.
1. Mixing movemenis: Segmentation contracticns
2. Propulsive movements: Mass peristalsis.

/d MIXING MOVEMENTS -

SEGMENTATION CONTRACTIONS

Large circular constrictions, which appear in the colon,
are called mixing segmentation contractions: These
contractions occur at regular distance in colon. Length
of the portion of colen involved in each contraction is

nearly about 2.5 cm.

r 2 PROPULSIVE MOVEMENTS -
MASS PERISTALSIS

Mass peristalsis or mass movement propels the feces
from colon towards anus. Usually, this movement occurs
only a few times every day. Duration of mass movement
is about 10 minutes in the morning before or after
breakfast. This is because of the neurogenic factors
like gastrocollc reflex (see below) and parasympathetic

stimulation.

W. DEFECATION

fflolciing of fecesis kn
in the large Intestine
influence of an appropr

own as defecation. Feces s formed
and stored in sigmoid colon. By the
iate stimulus, it is expelled.out
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through the anus, This is prevented by lonie constriction
of anal sphincters, in the absence of the stimulus,

DEFECATION REFLEX

m
Jass movement drives the feces Into sigmold cr polvic

||'

,

J!.
|
|

colon. In the sigmoid colon, the feces iy storod. The
desire for defecation occurs when some feces enlers
rectum due lo lhe mass movemenl, Usually, the deslre
for defecation is elicited by an increase In (he intrarectal
pressure to about 20 to 25 cm H,0.

~ Usual stimulus for defecatinn Is Intake of lieulel
like coffee of tea or water, Bul it differs from person lo

_person,

.

/Acr' of Defecation

-}fgc: of defecation is preceded by voluntary efforts ke

assuming an appropriate posture, voluntary relaxation
of external sphincter and the compression of abdominal
contents by voluntary contraction of abdominal

muscles. i
Usually, the rectum is empty. During the development

of mass movement, the feces is pushed into rectum
and the defecation reflex is initiated. The process of
defecation involves the contraction of rectum ard
relaxation of internal and external anal sphiiicters,
Internalanal sphincter is made up of smooth muscle
and it is innervated by parasympathetic nerve fibers via
pelvic nerve. External anal sphincter is composed of
skeletal muscle and it is controlled by somatic nerve
fibers, which pass through pudendal nerve. Pudendal
nerve always keeps the external sphincter constricted
and the sphincter can relax only when the pudendal

nerve is inhibited,

Gastrocolic Reflex

Gastrocolic reflex is the conlraction of rectum, followed
by the desire for defecation caused by distention of
stomach by food. It is mediated by intrinsic nerve fibers

of Gl tract.
This reflex causes only a weak contraction of

rectum. But, it initiates defecaiion reflex,

PATHWAY FOR DEFECATION REFLEX

When rectum is distended due to the entry of feces by
mass mevement, sensory nerve endings are stimulated.
Impulses from the nerve endings are transmitted via
afferent fibers of pelvic nerve to the defecation center,
situated in sacral segments (center) of spinal cord.

The center in turn, sends molor impulses to the
aescending colon, sigmoiu colon and regtum via efferent

A

norve fibars o' palvic fiarve M’ili"f _‘“'Ir”-"" b CBge )
slrong contracton of doscanding f-”f’!"r»_'e"_fﬂ'-‘ﬁ"l Loy,
and raclum ane ralazation ol intarnal sptinctes
simultanea asly, voluntary relazation ol o,
aphinglor oceurt, I e dua Lo tha intitnton ._,r :J'zf!r.i:r.i'=-
norve, by fmpr16a9 ansing from carabril cortey (Fiy

43 3). (!

.”

i CONSTIPAT ON
Congdpalion Is the fallure of voiding of feces, Pufor

Chapler 42 for < elails,

W EVACUAT ON OF GASES FROM

%GASTRON TESTINAL TRACT

ormally, ges accumuliates in the Gl tracteither because
of entrance of v Jslde alr or production of gases in the
bodly. Accordingly, the gases accumulated in Gl tract are
classified Into tv.» groups:

1. Exogenous (jases

2. Endogenou: gases

From cercbral corlex
Afferent nerve (iber
|

Effarent
nerve fiber

Pudendal (somaliz) nerve  Internal sphincter

FIGURE 43.3: Defeiyation reflex. Afferent and efferent fibers

of the reflex pass ttrough pelvic (parasympathetic) nerve,

Voluntary conlrol of de fecation is by pudendal (somatic) nerve.
Defecatlon cenler is 111 the szcral segments of spinal cord
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- placenta.
"After the first breath, the respiratory. process-con-

Physialogical Anatomyef  Chapter
Respiratory Tract 18

B INTRODUCTION
R TYPES OF RESPIRATION
m PHASES OF RESPIRATION

FUNCTIONAL ANATOMY OF RESPIRATORY TRACT

B RESPIRATORY UNIT
E STRUCTURE OF RESPIRATORY UNIT
m RESPIRATORY MEMBRANE

B NON-RESPIRATORY FUNCTIONS OF RESPIRATORY TRACT
B OLFACTION
E VOCALIZATION
w PREVENTION OF DUST PARTICLES
m DEFENSE MECHANISM
E MAINTENANCE OF WATER BALANCE
B REGULATION OF BODY TEMPERATURE
m REGULATION OF ACID-BASE BALANCE
@ ANTICOAGULANT FUNCTION
m SECRETION OF ANGIOTENSIN-CONVERTING ENZYME
& SYNTHESIS OF HORMONAL SUBSTANCES

B RESPIRATORY PROTECTIVE REFLEXES
@ COUGH REFLEX
B SNEEZING REFLEX
B SWALLOWING REFLEX

/'/--
5 INTRODUCTION Late childhood : 15 to 25/minute
F o : _ ‘ Adult .12 to 16/minute.
Respira_:ig_r]__ij.?' the grg:::_g:s_i;__by which oxygen is taken In SSanis 5 o
m TYPES OF RESPIRATION

5nd carbon dioxide is given,out. The first breath lakes
ungs are non-functional. _»~— ~— = - ..
' “ «Respiration Is classified into two types:

.- pTaCe CAly_after birth. Fetal lungs are_non-function
So, during intrauterine ‘life the exchange of gases b ,
. £ : e 1. External respiraticn that involves exchange of
DB Hlege gpeTs bioad R T respiratory gases, i.e. oxygen and carbon dioxide
between lungs and blood
2, internal respiratior, which involves exchange of
gases between blood and tissues.

e — A ——
tinues throughout._lhe_life. Permanent stoppage of
respi[ag@g  occurs only_at death. ' . ——
- /n,PHfS_E_.s OF RESPIRATION
orm ' at Different Age T e T
Normal Respiratory Rate at Different Ag Respiratian oceurs In S
. Newborn : 30 to 60/minvte 1. Inspiration during which air enters the lungs from
Early childhood : 20 fo 407minute atmosphere

- -
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Pk ctevalation

i
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W

FIGURE 114.2: Felal, neonz «al and adull clrculation,\RA =
LV = Left ventricle, FO = Foramen ovale, DA = Ductu} arte
vena cava, Dashed blue line (Fetal creulalion) indicat

left alrium. It causes increase in tre left atrial pressure,
Simullaneously, due to stoppage or blood from placenta,
pressure in inferior vena cava is decreased. It leads to
fall in right atrial pressure, Thus, the pressure in right
atrium is less and the pressure In left atrium is already
high. This causes the closure of foramen ovale, Within

few days after birth, the foramen ovale closes completely
and fuses with the atrial wall,

It 4, REVERSAL OF ELOOD FLOW
IN DUCTUS ARTERIOSUS

In felus, since pulmonary arterial pressure is very high,
the blood passes from pulmonary artery into aorta via
ductus arteriosus, However, in neonatal life, since the
systemic artarial pressure is more than pulmonary
arlerial pressure, the blood passes in opposite direction
in duclus arteriosus, I.e. from systernic aorta inta pulmo-

Maonntol elrculation

LU far
: et imarw e W J— h ty
wie hody } ave oy
o
,/’"G > "'-\\

Adult circulation

e o s |

sve oot

i

i

o rebe LY
Ii’:a ki g Sy 11

i

Y

Aorla |

ight atrium, LA = Left atrium, RV = Right ventricle,
nQsus, SVC = Superior vena cava, IVC = Inferior
flow'qf very less quantity of blood.

naty aort

(Fig. 114.2). The reversed flow in ducws art-
eri

usis g\ard as continuous murmur in infants.

B S5 C LOSUE-E. OF DUCTUS VENOSUS

Due to the cont\r\a tion of smooth muscle near junction
between mbilica&ein and ductus venosus, the cons-
triction and closure of ductus venosus occurs. Later, the
ductus vengsus becomes fibrous band.

6. CLOS SE OF DUCTUS ARTERIOSUS

Ductus arteridsus slarts closing due to narrowing.
It closes comp%tely after 2 days and the adult typs
of clrculation stacts. In some rare cases, the ducgus
arteriosus dces nt\t close. It remains Intact producing
a continuous murmur. This condition with intact ductfus
arteriosus is known as patent ductus arteriosus (Refef
to Chapter 106).

(¥ Scanned with OKEN Scanner



674 i o
Section 9 ¢ Respiratory System and Environmental Physiology

2. Expiration during which air leaves the lungs
During normal breathing, inspiration is at aclive
process and expiration is a passive process.

B FUNCTIONAL ANATOMY OF
RESPIRATORY TRACT

Re§pira_tory tract is the anatomical structure through
wl.nch air moves in and out. It includes nose, pharyrx,
larynx, ‘rachea, bronchi and lungs (Fig. 118.1).

o ST T g ] - .

e

— an__

Pleyra

-

Each lung is enclosed by a bilayered serous membrane
called pleura or pleural sac. Pleura has two layers
namely inner visceral and outer parietal layers. Visceral
layer is attached firmly to the surface_of the, Jungs.
At hilum, it is continuous with parietal layer, which is
attached to the wallof thoracic cavity.

intrapleural Space or Pleural Cavity

e

Intrapleural space or pleural cavity is the riarrow space
in between the two layers of pleura.

intraptearal Fluid
Intrapleural space contains a thin film of serous fluid
called intiapleural fluid, which is secreted by the visceral
layer of the pleura.

o
Conchaf —=ezz=o=m s

****** ~ ----- Nasopharynx
Onal cavily ——--- '-_:——.T_L:‘.? ______ Oraopharynx

Trachea

_ Right rt:—j‘g

lung

e e e e

. Dia;ﬂhragm

FIGURE 118.1: Respiratory tract

J/éRUGTURE OF RESPIRATORY UNIT

Functions of intrapleural fluid

1. It functions as the Iubricant lo prevent friction
belween two layers of pleura o

2, Itis Involved in creating the negalive pressure called
Intraploural j:rassure within intrapleursl space,

Ploural Cavity In Abnormal Conditions

In some patholagical conditions, the pleural cavity
expands with accumulation of air (pneumothorax), water
(hlydrothorgil'. blood (hemothorax) or pus (pyothorax).

Tracheobronlfhfe*.' Tree

Trachea and ] bronchi_are together called tracheo-
bronchial tree.lIt forms a part of air passage.

Components of trachebbronchial tree

1. Trachea bifurcates into two main or primary bronchi
called right and left bronchi

2. Each primary bronchus enters the lungs and divides
into secondary_bronchi- -

3. Secondary bronchi divide into tertiary bronchi, In

ffright lung, there are 10 tertiary bronchiand if/ef

lung, there are eight tertiary bronchi

4. Temtiary bronchi divide several times with reduction

in length and diameter into many generations of

bronchioles
When the diameter of bronchiole becomes 1 mm or

less, it is called terminal bronchiole
Terminal bronchiole continues ~or divides into
respiratory bronchioles, which have a diameter of

"0.5mm,

Upper and Lower Respiratory Tracts

Generally, resoiratory tract is divided into two parts:

1. Upper iespiatory tract that ircludes all the
structures from nose up to vocal cords, vocal cords
are the folds of mucous membrane within larynx
that vibrates;to produce the voice

2. Lower respiratary_tract, which includes trachea,

“bronchi and lungs.

Lk ¢ ]
ZESPIRATORY UNIT

_Parenchyma of lungs is _formed by respiratory. unit

that forms the férminal partion of respiratory. tract.
Respiratory unit is defined as the Cs;ructural and
functional unit of lung)Exchange of gases occurs only
_ﬁi‘g_this part of the respiratory fract.

—

Respiratory unit é;ga_r_tg; from the respiratory bronchioles

(Fig. 118.2). Each respiratory bronchiole divides into
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Chapter 118 ¢ Physiological Anatomy of Respiratory Trac
ap

alveolar ducts. Each alveolar ducl enters an enlarged
sltucture called the alveolar sac, Space Inside the
alveclar sac is called antrum. Alveolar sac conslsts of a
Cluster of alveoli. Few alveoli are present in the wall of
alveolar duct also,
Thus, respiratory unit includes:
1. Respiratory bronchioles
2 ANeolarduots -
3. Alveolar sacs
4. Anfrum
5. Alveal
Each alveolus is like a pouch with
about 02t005 mm. It is lined b

! .
‘ __3-!1 veolar ge{.'s or. _Pneumocges B

Alveolar epithelium consists of alveolar cells or pneumo-

Cytes, which are of two types narely typa | alveolar
cells and type || alveolar cells, s

Type T alveolar cells
B e

Type | alveolar cells are the Squamous epithelial cells

1erming about 95% of the tota] number of cells. These
cells form the ‘s is e 2

site of gaseous exchange netween the
alveolus and biggg,— ———al0
Type Il aiveoiar cells
-_-._._"'-___———*_’_‘_-:
cells are cubotdaj I nature and form

Type I alveolar
about 5% of alveolar cells These cellsare also ¢alled

granular pneumocytes, Type 1l alveolar cells secrete
I : —
2lveolar fluid and surfactant.

F\‘espiramry
bronzinole

Alveolar
sac e e ae oo Alveolar

e duel

S Alveoli

FIGURE 118.2: Respiratory unit

675

m RESPIRATORY MEMBRANE

Respiratory membrane Is the me:p_tzr»i%re
through which the exchange of gases oceurs.
"~"Re@splratory membrane sgparates airin the alveg)
from the blood In capillary. It is formed b Ithe a]‘;'igjar
membrane and capillary membrane. Respiratory mem.

“Brane has a surface area af 70 squar_e meter ang thick.
ness of 0.5 micron. Structure of respiratory membrane
is explained in Chapter 124 (See Fig. 124.1),

f ON-RESPIRATORY FUNCTIONS
the diameter o - = - .
epithelial cells. | OE RESPIR JRY IRA

Besides primary function of gasedus exr;hangle, the
respiratory tract is involved in several non-respiratory
functions of the body. Particularly, the lungs function as
a defense barrier and metabolic organs, which synthe-
size some important compounds. Non-respirstory
functions of the respiratory tract are:

7] 1.0LFACTION_H*
ool B o . ) A

Olfactory receptors present in the mucous membrane
of nostril are responsib.a for olfactory sensation.

B 2. VOCALIZATION

Along with other structures, larynx forms the speech
apparatus. However, iarynx alone piays rajor role in

the process of vocalization, Therefore, it is called sound
bor.

u 3, PREVENTIDN OF DUST PARTIGLES

Dust particles, which enter the nostrils from air, are
prevented from reaching the lungs by filtration action of
the hairs in nasal mucous membrane, Smal| particles,
which escape the hairs, are held by the mucus secreted
by nasal mucous merabrane. Those dust particles,

are removed by the
in the alveoli,

Particles, which escape the protective mechanisms
in nose and alveoll are thrown out &

7 cough reflex and
sneezing reflex (Chapier 126),

B 4. DEFENSE MECHANISM

by the presence of various types of cells in mucous
membrane lining the alveoli of lungs. These cells are

leukacyles, macrophages, mast cells, natural killer
cells and dendrific cells, =m0 KV
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676 Geclion 9 ¢ Resntraluty 8 7t

I Lane's Own Delenses

Epthelial celle lining the ar passage secrete soma in-
nate immune factors cailed defensing and catheliciding.
There substances are the antimicrobial peplices, which
play an impertant role in lung's natural defenses. Refer
Criapter 17 for detail

. Letonse through Levkocytes

Leukecvies, particularly the neu'rophils and lympho-
cyles present in th~ ziveoli of lungs provide defense
mech3nism against bacteria and virus Neutrophils kill
the baclena by phagocylosis. Lymphocytes develop
immunity against bacteria,

i, defense through Macrophoges

Macrophages engulf the dust particles and the
pathogens, which enter the alveoli and ther2by act as
scavengers in lungs, lMacrophages are also involved in
the development of immunity by functioning as antigen
presenting cells, When foreign organisms invade the
body. the macrophages and other antigen presenting
cells kill them. Later, the antigen from the organisrs is
digested into polypeptides, Polypeptide procucts are
presented to T lymphocytes and B lymphocytes by the
mezcrophages.

Mzcrophages secrele interleukins, tumor riecrosic
factors (TNF)and chemokines (Chapter 24). Interleukins
znd THF activate the general immune system of the
body (Chapter 17). Chemokines attract the white blood

cells towards the site of any inflammation.

14, Defense through Mast Cell

[£ast celi 15 2 large cell resembling the basophil. Mast
cell produces the hypersensitivity reactions like allergy
znd anaphylaxis (Chapter 17). It secretes hepaiin,
Fistamine, eerotonin and hydrolylic enzymes.

v Datfense through Natural Killer Cell

. Natural killer, (NK) cell is a large granular cell,

considered as the third lype of lymphocyte. Usually NK

" cell is present in lungs and other lymphoid organs. Its

granules contain hydrolytic enzymes, which deslrdy the

rnicroorganisms,
NK cell is said to be the first line of defensz in

specific immunily particularly against viruses,

It deslroys the viruses and viral Infected or
damaged cells, which may iorm the tumors. It also
destroys the malignant cells and prevents development
of cancerous lumors. NK cells secrele interferons ana
the tumor necrosis factors (Chapler 17).

am and Environmerntal Physiclogy

vi, Dafonsa 2 throvgh Dendritic Cells

Dendrit celis in the lungs piay 'mportant rcie n

2
immunity. £lcng with macropnages

as anfigen presen;ing cells

these calis function

u 5. MAINTENANCE OF Wi ATER B LANCE

———me

Respiratory tract giays 2 role in water loss mechanism
During expiration, water eszporztes through the
expired air and scme amount of Lcdy water 13 lost oy

*his process.

B 6. REGULATION OF BODY TEMPERATURE

e

- ——

During expiration, along with water. heat i5 2lso last
from the body. Thus, (espiratory tract plays 2 role in
heat loss mechanism.

m 7. REGULATION OF ACID-BASE BALANCE

Lungs play a role in maintenance of acid-base balance
of the body ty regulating the carbon dioxide content
in blood. Carbon dioxide is producsd dunng Varcus
metabglic reactions in the tissuas of the body. When !
enters the blood, cirbcn diaxide comoimnes with water
to form carbonic acic. Since caroonic gcid is unsiable,
it splits into hydrogen and bicarbenste ions.

CO, + H,0 — HCO, — H' + HCO, "

Entire reaction is reversed in lungs when carten
dioxide is removad from blocd into the alveok of lungs
(Chapter 125).°

Fﬁ: HCO,” — H,CO,—CO,+HO

As carbon dioxide is a volatile gas, it is practically
blown out by ventila‘ion.

When metabolic activities are accelerated, more
amount of carb‘?n dioxide is produced in the tissues.
Concentraticn of hydrogen ion is also increased.
This leads to redustion in pH. Increased hydrogen
ion concenlration causes increased pulmonary venti-
lation (hyperventilation) by acting through varnous
mechanisms like chemoreceptors in aortic and carotid
bodies and in medulla of the brain (Chapter 126). Dus to
hyperventilation, excess of carbon dioxide is remaved
from body fluids and the pH is brought back to narmal.

m 8, ANT.COAGULANT FUNCTION

_Mast cells in Iur;g_;s__secrete hega'r:in. Heparin is an
anticoagu'ant and it prevents the intravascular clotting.

e

u 9, SECRETION OF ANGIOTENSIN-
CONVERTING ENZYME

Endothelial cells of the pulmonary capillaries secrete
the angiotensin-convarting enzyme (ACE). It converts
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' :ericardium_

il plays
i 1, which
aclivo anglotonein 1 nd
" gl | into active ang CF volumoe ane
s mm‘\:hr::srh:ro in e regulation of L€ '
an impoitant 1

Pload pressine (Chapler 50)
. WRSTANCES
w10, SYNTHESIS OF |IOIWE(_JHI*!_J_‘\};§‘_}Jl..allﬁ \C

. 26 1he hormonal
LA Nggues are also known 10 ,taynlimm.._t_ ""!"5??!{:'|'c:lﬂl1 3
) : |‘I\§t -1;1;‘;3, prostaglanding, {1@)151:}1]9 t_?‘{i,ljf__;;:m )
&ﬁ%ﬁhﬁ% many physiological ﬂglmﬁl}h‘.ﬁ?t‘ﬁi.?i}) {
cxenspan, sl —b : .
g fogulation of blood progsure (C

@ RESPIRATORY PROTECTIVE REFLEXES

' ‘0%
Respiratory protective relloxes are the imfln};\.[t:r\ilcligglt
‘protect lungs and air passage from fora gn |N i
Respiratory procoss is moalllod by lhasn. refle o
order 1o eliminate the forelgn particles or lo I;:rm H
the entry of thesa particles Into the rospiralory lract,
Follawing are the raspiratary prolactve rofloxes:

COUGH REFLEX

Cough is a modified respiratary process characterlzad
by forced expiration, It is 3 proteclive reflax and if is
caused by firritation of respiratory tractland some other
areas such shﬁéiﬁ?ﬁﬁf:’r’ilfﬁ?}'_‘_@ﬁ?& (see below),

Causos

Cough is produced mainLv_I_:y_mil_gn_Lagents. It s
also producs

¥ several disorders such as cérdlac
_disorders (congestive  haart fallure), pulmenary
disorders (chronic obstructive Pulmonary disaase -
COPD) and tymor in Ihor‘al§. which may exert pressure
On laryny, tracnea._bronchr or lungs,

Mechanism

Sough begins with deep Inspiration followed by forced
eXpiration wilh(closed ajofr
u

Rleural pressure above 100 mm..Ag. Then, Slotis
Opens suddenly with ex losive outilow cf i atahi
velocily. Velocily of the airflow may reach 960 kmyhour,
It causes eXpulsion of jrritant subslances out_of. the
respiratory y tract,

Reflex Pathway

Yeceptors that initiale the cough are sityateq in
ieveral Jocallions such as nose, paranasal sinuses,
arynx, pharyny, trachea, bronchi, pleura, diaphragm,

stomach, exlernal auditary canal ang
/mpanic membrane.

lotlis) This increases the intra-

Aery Trae
lalagloel Anatomy of Rasplratory Traol g7y
Thyo | |
!Iy horg poa vin vng'u'n‘ {””U”“ﬂml
mrv’n ?uli phrenle nerves. 'ho contor o
{l : 8.

' Hlongala,
. 0 I tha modullo nh‘h L8 iy
cough roflox ‘[,,-vn fibare arlalng r;‘.} e Pm'ﬂq&;
Efferont ‘Ehrourjh tha vagus, pc :ITHIQ i Pr]mn;y
T Imﬂsu 'I'hu"m norve fibors achive
Rl ‘ selag,
n:]u ':(.:Jmumuory roaplratory mu
N {

Alforont N0
q]ununplmryngun

7ING REFLEX
M SNEEZING REFLE esplralory process

d
gnoozlng 1 also a modifie s a proleclive reflex

Iration, |
zod by forcod 0Xp rane,
cnm{claiit?;;{l?':fitn}:Im1 of nasol mucous memb
caus

(Faysos . .
embrar@ 0CCUIs
' holnasal_mucous me; . "
drita _‘_fQ-'-"f c;:..al t ﬁg'rlllclas, debris, mechanical Ipﬁg_tﬁu;%iﬁg
:{mllsmﬁ onlrcv.'r‘cfy “ahd excess [luld accumulation In
0 -

nasal passages.

Mochanism

ralion, followed by
Aneezing_starls_with_deep inspiration, followed ¢
forceful gxpfralory ef{orm[tué_p,gnﬁq,gjgw's_ _rjguﬂmg in
sXpulsion of irritant agents ou of respiratory lract.

Ratflox Pathway

Sneezing Is Initiated by the irrltation of nasal mucous
membrane, the olfactory receptors and trigeminal nerve
endings present In the nasal mucosa,

Afferent nerve fibers Pass through the trigeminal
and olfactory nerves, Sneezing center s in medulla
oblongata, It is located diffusely in spinal nucleus of

formation of medulla,
Efferent nerve fibers from the medullary center
Pass via trigeminal, facial, glosso;:haryngeall vagus

- and inlercostal Nerves. These nerve fibers aclivate the

pharyngeal tracheal and respiratory museles,

" SWALLOWING (DEGLUTITION) REFLEX

qua@_ipwmg,.reﬂex is a

resp_igatcrz Erotective reflex
that' Prevents entrance of food Particles into the air
Passage during swallowing.

¢ swallowing ™of the food, the respiration is
arrested for whfréljgmp_orary arrest of respiration is

called apned) Arrest of bﬁaaihing.J:{urjng-mamowing‘ Ts
caerdlswalluwlng_;\_inrga' €glutition apnes [Takes
praca‘ﬁﬁﬁﬁ’g_ﬁﬁa—ryn”g?esf stage, i.e. segond stage of
deglutition and Prevents entry of fooq particles inlo the
respiratory tragt Refer Chapter 43 for delails,
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Chapter

Pulmonaiy Function Tests

M INTRODUCTION }

E LUNG VOLUMES

B LUNG CAPACITIES

B MEASUREMENT OF LUNG VOLUMES AND CAPACITIES

B MEASUREMENT OF FUNCTIONAL RESIDUAL CAPAGITY AND RESIDUAL VOLUME
B VITAL CAPACITY _

B FORCED EXPIRATORY VOLUME OR TIMED VITAL CAHPACITY
RESPIRATORY MINUTE VOLUME -

MAXIMUM BREATHING CAPACITY OR MAXIMUM VENTILATION VOLUME
B PLEAK EXPIRATORY FLOW RATE (

H RESTRICTIVE AND OBSTRUCTIVE RESPIRATORY DISEASES

Dynamic Lung ] Funiction Tests
L N —_—

-8 INTRODUCTION.
. épulmonary function tests or lung function fesls are use- Dynamic lung function tests are baseggn time, i.e. the
ul in assessing the functional stataeof therespiralory:  rate at which ai flows into or out of fungs. These tests
include forced vital capacity, forced expiratory volume,

system both in_physiologica! ‘and_pathological condi-. me,
maximum ventilatior volume and peak expiratory flow.

~fiBns, Lung function tests are based on the measurement  m
of volume of air breathed in and out in quiet breathing ™ Dynamic lung function tests are useful in deter-
and forced breathing. These tests are carried out mostly mining the sevérity of obstructive and restrictive lung

by using spirometer. diseases.
_,./"- !
,"‘ . ;
= TYPES OF LUNG FUNCTION TESTS m_ (NG VOLUMES
Static lypg.volumes. are the volumes of air breathed

<”" Lung function tests are of two types:
1. Static lung function tests e
by an individual. Each of these volumes represents

2. Dynamic lung function tests. ; Bt il
. s & [ ~ the volume of air present in the lung under a specified
* Static Lung Eunction Tests static condition (specific position of thorax).
Static lung volumes are of four types:

Static lung function tests are_based on volume of

air_that flows into or out of lungs. These tests do not 1. Tidal volume,

depend upon the rate at which air flows. - 2. Inspiratory reserve volume
Static lung function tests include static lung volurries 3, Expiratory re§erve volume

and static lung capacitjes. 4. Residual volume.

— —— o — AT,
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B TipAL, VOLUME

“-.,______—1-—-...___—“-
Tida| volume (TV) is tha
OJT ne

Chapter 121 ¢ Pulmonary Funclion Tests 694

Residual volume s significant because of twg
es

' reasons:

vVolume of gy breathed In and

1. Ithelps to aerale the blood in between breathing
Q 138 In.3 single Normal g on: Tidal ' iond uring expiration

volume sjgn the norma f breathing,

nifies the normal dgatp 10f bre thing

Nurmn.* Vatuo

qSOO mL (0.5 L),

1,200 mL 1_&-}
" \USPiRATORY "EERVE VoL LUNG caPaciTIES
rnspiralory reserye volume (IRVYis an addikioggl,:,:glym
of air that can be |
orma| insgiralion.

2, It maintains the contour of the lungs.
> 0 Z VRO QLING 1)

Normal Vafye

NSpired forcef,

lly after the end of Static lung Capacities are the combinatior; of two or
_____,__y_._ = £ -~~'--more |ung Volumes,

Static lung Capacities are of four types:

1. rnsEiratorg cagacit_y:
2; Vilalcap__a_g‘_ty ‘
3. _Emgﬂona_I_r_qs_i_qQai capacity

4, Total |y C&pacity,
RESERVE voL e —=allung.

Nnmm! Valye

1,000 mL (1 (),

Velume (Rv) |

IS the additiona) M INSPlRfTOng CAPACITY
ut jgisgrulrg, after

§ the Volume

2 of air remain- | VITAL CAPACITY (VC)TK'U TV -+ CRU :
ing in lungs even after forceq exgh%m i '
lungs cannot ha ava,

v Vitg) Capacity (VC) is the maximum volume of gj, that
emmted_cdmpléiér_}g_esae.n_by_rorcefuf <an be expelleq out fcrcefuﬂy after 3 ¢ ep (maximai)
€Xpiration, Some quantity q{_a_fr_m-'___ 'S Iemains.ip the, inspiration, \4e
UNgs even after he: =r_3_r_r';'£a'EL"'éJqﬁrfL—:h'i:u"r'."":Tt M i

FRC

ERV = Expirato
residual Capaci

includes inspiralory reserve w:-lume,_
expiratary reserve Volume,

Ve
TLC

s and Capacities, Ty

Tidal volume, IRy =
esidualvolume, Ic

Insplrato eserve volume,
ly, vC = Vital Capacity, T\

Ty
= }nspiratory Capacity, FRC=F Unctiong)
= Tota| lung Capacity,

r
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pen

4212 Gpiromeles.

drym Mo/

es up 80

{after normal |
ousl c2pacily incudes

i,

SRISTELY 15 the method 1o mezsure lung solumes and

pen with ink & sitached O the counter wzighl. Penis
e —

AEASUREMENT OF LU NG vVOoLumM
AND CAPACITIES =

RS

“Zpacilies, Simple instrument used for this purpoze 5
c2ied spirometer. Modified sousmeter 5 vnown a3
respirometer, !Ja:eﬂaywsmogféph 15 2i30 uzed
to measure lung volumes 2nd capacities.

7 SPIROMETER
-

Spirometer is made up of metal and it contains two
ci < nemely cuter chamber and inper chamber
{Fig. 121.2). Cuter ch is called the water chem-
use it i3 {iled with water, A flgﬂl_ ing c[l)rurij;
immersed in_the water in 2n invered position. UIUT 2
counter bzlanced by a weight. Weighils stiached loffie
top of the inveried drum by means of string of chain. A

mzdz o wiits On 2 calibrated paper, winich s fixed 10 2
f&eCoroin device. o ! :
_—%r?;}e% chambper is inveried 2nc hE:i a2 T:i%ir
the op, A long metsl tube p2sses throuyn e

s A

g anan s i L

Diring e/pi3
d the pen 012"

e !mrertéd drum

2 Quter chamber
alancs it

1S 8 dovinwiard curv/e 0

Pulley |,

Lungs during
expiralion

o ngs.
ion, the 2ir enters the spizometer from lung

n the recording drum.

1
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chamber from 1o bottom towards (he top UIJ_P‘W/C”S f’f
s tabe reaches the top pottion of tha innel chamber,

Then the fube passes through o hele at the lop of Inner
chamber and penetrates into ouler walor clmmlmdr
above Ihe level of waler, A rubbor tubo is connecle

this wubder tabe, a mouthplece is_altached. Subject.
resprres thicugh this mouthpiece. by clasing. lhe npse
with & nose clip.

Whon the subjeet breathes.with-spirometer, during
apration, dum moves up ard the counter weight comes,
dOnn Reverse of this oceurs whér tha subject breathes
the air from the spirometer, i.e. duling inspiralion,_Up-
wand and downward movements of (e countec welght

Al recorded n the Jorn of @ graph (Upward deflection
Ofthe eurve in the_qraph shows_inspiratien)and the
(awnwand deflection denotes expiratio B

Spirometeris usedonly fora singlebreath. Repeated

cycles of respiration cannot be recorded by using this

i g
%gram

1o the outer end of the melal tube, Al the other end of g
A al reco
“s |roquzn.J§_lhg,grarLfﬂ£—~Jﬁward deflection of the

g
clmptor121-¢ pPulmonary Function Tests 683
' d drum above water
led In the inverted df .
Iuvero};ﬁm:hg fétd)]ggj_c_an preathe in ana out with

e and recording_can be
Instrument for about 6 minuiés and recording can be

d of lung_volumes and

irometer.
apacities using SP.0 ion and the downward curve

SPF_O_Q'L_— : mﬂot}es ‘-ﬂinfgita;21 2 o order to delermine
on JFig. 121.9). : i
Jﬁagglg_s_exrjﬁﬂ__d capacities, following four levels

“The Tung volumes an .
are lo be noted in spirogram.
1. _N_urmai-end_expiraiow.'euei____

2. Normal end Inspiratory level
3. Maximum expiratory level

4, Maximum insplratory Tever

COMPUTERIZED SPIROMETER

14}
instrument becaus dde i 4 : i
ent Jecause Caer{L_d.[QMd_Q,‘:iQGUmu]atE's in the ﬂomputerized spirometef is the solid state electronic

spirometer and oxygen or fresh air cannot be provided
to the subject,

\.ﬁf{psmr::n:m
Respiometers the madified spitumeter, It has provision
otiemoval of carbon dioxlde and supply of oxygen.
_Caiton oioxide is remaved by placing soda lime
NSIde e instrument. Ox iad-to the
ihstiument-fram-ha-oxygén-cylinder, by a suitable valve
SYStET, —

equipment. It uoes not contain a drum or water
chamber. Subject has to respire into a sophisticated
transducer, which is connected to the instrument by

means of a cable.

Disadvantages of Spirometry

By using simple spirometer, respirometer or compul-
erized spirometer, not all the lung volumes and lung
capacities can be measured.

¥ Idaximum

6.000 I \
: inspiralory
= level
5,000 3
~f o 7]
IRV
2000 1 2 e
- £ :
- . >VC
E 0| @ _
2 3004 3|3
T 9 — Normal end
: - e inspiralory
s = AVAY I
v -
_ - s —— ] Normal end
- > expiralary
& - level
1w 4 [ &[] ‘
I PE ——=————— Maximum
- . i expiratory
> - level
o L

IGURE 121.3; Spirogram. TV = Tidai volume, IRV =
‘esidual volume, IC =

. . Inspiratory reserve volume, ERV = Ey irato =
Inspiratory capacily, FRC = Funclional residual capaclty, VC = Vital caparﬁ'iy. T!r_ycr:s?'?)r:a‘? r:ﬁrgu::naeﬁagy_

3
1
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bl

iﬂ r
capnelt
Volu

y and total lung capacity,

plmhysmogmph,

# PLETHYSMOGRAPHY

plothysmography 15 a lechnique used to measure all the

ung “olurncs and capacities. It i explained fater.

MEASUREMENT OF FUNCTIONAL

_,'ﬁﬂ RESIDUAL CAPACITY AND
RESIDUAL VOLUME

".
Re
canno. be measureu 0
mined by three methods:

1, Mellum dilution technigue f
2. Nilrogen washoul method

3, Plethysmography.

sicual volume and the functional residuzl capacity
y spirometer and can he deter-

u 1, HELIUM DILUTION TECHNIQUE

procedure to Measure Functional
poesidinl Capacity
d with air cantaining @ known
the subject breathes
expiration, subject
from respiromeler

Respirometer is fille
um, Initially,

quantity of heli
normally. Then, after 'the end of
preathes from respirometer. Helium
enters the lungs and starts mixing with air in lungs.
After few minutes of breathing, concentration of heriym
in the respirometer pecomes equal 1o f:oncentrat:on
of helium in the fungs of subject. It is cailed'the
equilibration of helium. After ecuilibration of {whum
between respirometer and Iungs, co}ncentrauon of
helium in respirometer is determined (Fig. 121.4).
Functional re_sidual capacily I8 caleulated by the

formula: _
WG, ~ c,)
H-;"; : st R £
Gy,

USRS ;
fripal concentralin ol hstivm in the
msp:mmerer

final congentta
reGpliometer
[l voluime of 210 in the réspirometer.

t
on of helum i the

N

mo and capacities, which cannol b

. which cannol be measured
py oplromelry. aro measured by nitrogen washout
wehnique of holfum dilution technigue or by body

il Iu?”fl” i J‘ il ;‘j” 1 0 / :{ L it
/ ¥ /

i, which eannel be measirad by epi

o rusldual volume, Copacitis, {,,,{:,{_f? rﬁ:gﬁtg% Moasurod Valios
jal voluma also cannot be maasire Cap'jci[]re For example, the fci ; :

acludo roaldual volume are fUFJcIfr;n;a.] m;km_;? , the fcliowing ¢atz of a subject are obtained

from the experiment
1, Inilial yolume of zir in respacmeter = 5 L15.000 mL;

gler = 19%

2. Initial concentration of heivm i (espirem
3. Final concentration of helium in respirometer = 10%

Calculation
From fie abgé_é data, the functional residual capacity i
of the subject js ca'culated in the foilcwing way:

Y -
FRC = ,._f_{E_._C.’f'_}_

51000 715/100 — 10/10C)
FRC = -—f mL '
10/100 }
H

"

5000 (5/100)
sl i, S | B

£10/700
i :
5000 %5
gl
F g
= 2,500 mL
Thus, the functional residual capacity in this subject |
is 2,500 mL. §
Procedure to easure Residual Yolume ;
siduai capacity, the subject f

To determine functionzl re

starts breathing with respiromete: a2fter the end of
normal expiratign. To measure residual volume, the
subject should .start breathing from the respirometer b

after forced expiration.

@ 2. NITROGEN WASHOUT METHOD
nitrogen in air is 80%. So, if } ;
the lungs is measured, the
s can be calculated.

Normally, concentration of
totar quantity of nitrogen in
volume of air presentin lung

Procedure to Measure Functional

Residual Capacity

Subject is asked to bréathe normally. At the end of normal
expiration, the subjecl inspires pure oxygen through a
valve and expires into 2'Douglas bag. This procedure is
repealed for 6 lo 7 m'nutes, until the nitrogen in lungs .
is displaced by o:'?ygen, Nitrogen comes lo the Douglas J
bag. Afterwards, following factors are measured (o L
calculate functional residual capacity. |

e e e
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Refore equilibiailen:
Initial coneontration of
helium in respiiometer = 15%
Volume of air
<onlaining
helium = 5

After equilibration:
Final concentralion of
helium in respirameler = 10%

FIGURE 121.4: Measurement of functional residual
capacity by using hejium

Zalculation

i. Volume of air collected in Douglas bag
ii. Concentration of nitrogen in Douglas bag

By using the data, the functional residual capacity is
alculated by using the formula:

C =V

FRC = &

C?

Where,

v = Volume of air collected

C, = Concentration of nitrogen in the collected
air

C, = Normal concentration of nitrogen In the
ar.

ke

Chapter 121 ¢ Pulmonary Funclion Tests 695

Measured Valyos

For example, the follovsing data are obtained from the
experiment with a subject;

40 L (40,000 mL)

I. Volume of air collectad

il. Concentration of ritrogen = 5%
In the collected alr
il. Normal concentration of = 80%

nitrogen in the air,

Calculation
From the above data, the functional residual capacity of
the subject s calculzted in the following way:
C, xV
'

iy

FRC =

5/100 x 40,000
———— L
80/100

5% 40,000
e mL
80

=2,500 mL,

Thus, functional residual capacity in this Subject is
2,500 mL,

FRC =

Procedure to Measure Residya/ Volume

To measure the functional residual capacity, the sutject
sterts inhaling pure oxygen after the end of normal
expiration and to determine the residual volume, the
subject starts breathing pure oxygen after forceful
expiration.

3. PLETHYSMOGRAPHY
@_’lelhysrmgcaph is a technique to study the variations

In_the_size or volume of a part of the bodySsuch as
b. EPreth smograph is the instrument used for this

u&gn?ﬁiw le 1is e irstrumer
ed to

mograph is the instrument

lim

U

us easure the lung volumes including residual
fume, -*_‘__1_\“__‘——

Plethysmography is based on Boyle's aw of gas,

which states that the YE_J_HLTJQ qf\__a sample_of gas is

Inversely_proportional to the pressure of inat gas at

constant temperature,
ubject sits in an airtight chamber of the whole

——

body plethysmograph and breathes normally through
a mouthplece connected to a flow transducer called

pneumotachograph. It detects the volume changes
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;06 Section 9 ¥ Respiralory Sysiem and Envj
nvi

=y
-

..q different phase .
dti"”g. phases of respiration

" alning-for-few minutes, the subj . After normal

g s ~the subject breafhes rapidl;

e s apidly

ol

At maximum force. During maxi;
naximum expi
ung LM eXpiration, The-

l
yolume decreases ve
% S : s very. mich. Bu =it
«he_chamber-increases-wilh-decre a;ﬂ:ffgfgf yas-
1.pregsure,

in A= ;
gy measuin he vo and..pressure chang |
chamber I ey o
volume_of_lungs |s calcufateﬁ?
-“-_‘-'—-q____-_‘

caett
& g uﬁj;jemfﬁiai—-
= : pxV=P (V-AV)
E -
Where,

poand P, = Pressure changes

ronmental Physiology

1. Asthma

2. Emphysena

3. Waakness of paralysis of respiratory Muscie
4, Pulmenary cangestion

5. Pneumonia

8. Pnaumothoray

7. Hemothorax

8. Pyothorax

8. Hydrothorax

10. Pulmonary edema

ke
M = Func onal residua 3
i el A o cl a ~ .z -
2% : / ’ -——?EE_’E[EY;EU - RY 11, Pulmorary tuberculosis.
/ g VITAL CAPACITY | e
ast:rermant
1
y spirometry. The subject 15

/“' Q. DEFINITION
£ - . | ‘
,-’f yital capacily 1 the maximum volume of air that can be asked to take a deep inspiration and ex
/ expelled out of lungs forcefully after a maximal or dee ;
/ inspiration. | P FORCED VITAL CAPACITY
-/I @ LUNG VOLUMES INCLUDED Forced vital capacity (FVC) i the velume of aif that
/ i IN VITAL CA PACITY can be exhaled forcefully and rapidly after 2 maximal of
/ o deap inspiration. Itis 2 dynamic lung capacity.
/ \ital capacity includes inspiratory reserve volume, tidal Normally FVC is equal to Ve, However in some
/’ . volume and expiratory reserve volume. pulmonary diseases, eV is decreased-
i' ;
/ ' a NORMAL VALUE B FORCED EXPIRATORY VOLUME
: | v = IRV TV + ERV OR TIMED VITAL CAPACITY
= 3,300+ 500+ 1,000 = 4,800 mL. " DEFINITION
el .
2 VARIATIONS OF VITAL CAPACITY For i e (FEV) is tne volume of ait,
s - which C_éﬂ.bﬁﬂﬂﬁﬂ.f?ﬁi@l&.iﬂﬁ_.gwgnwﬁﬂ
< Physfoiogtcaa‘ Vanatiols s (after @ deep inspiration). It is also called timed vital
N 1. Sex: In females, vital capacity I8 less than in capacity of forced gxpiralory vital capacity (FEVC). it
males _ is a dynaric lung velume.
2. Body built vital capacity is slightly more In  Fgv, = Volume of ai _e_:gpt_rg_d_fog_cefuliyin 4 second
heavily bult persons. : i ﬁ::\u’,n = Volume of alf expired forcefully in 2 seconds
g postars it capeet o 1 el FEV, = '-\.;c-:lume_bfair expired sorcefully in 3 seconds.

position and less in lying position
ty is more in athletes

Athletes: Vital capac'r ] _
5. Occupaﬁon:'vitaI capacity 15 decreased in
people- with sedentary jobs: It is increased in
persons who play musical wind instruments

such as bugle and flute.

b

pathological Variations
d in the following respiratory

Vital capacily is decrease
diseases:

s,

Vital capacity is measured b
pire farcefully.

n NORMAL VALUES
in persons with normal

ratory vclume
respiratory functions s as follows:

FEV, 3% of tota! vital capacity

FEV, = 94% of tota vital capacity

FEV., ~ 97% of totat vita! capacity

Aﬂe: 3rd second { total vital capacity.

Forced expi

n

=100% ¢
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Chapter 121 ¢ Pumanary Funclion
B SIGNIFICANCE OF DETERM NING FEV u MEASURENMENT

Vilal‘ copacity may be almost nyrmal in samu of the Subject Is avred to Lreaine furealuly 22 ragcly wer
respiralory diseases. Howaver, the I'EV has great @ respirometer for 15 seconds Volum 3
dlagnostic value, as It is decreased sig ficantly In some  and ezplred Is measured from the splrogr

respiratory diseases, value, the MBC is calcuiated for 1 minule
It is very much decreased in obstr .ctive disaases Fo example, 14BC in 42 cornde = 2 |
like asthma and emphysema. It ic slightly reduced In ' e
some reslrictive respiratory diseases like fibrosis of P TN e e
!ungs {Fig_ 1215) MBJ ,JEF minute “2 »g0L
= 15!
B RESPIRATORY MINUTE VOLUME e
Y% wBERRE Ji B PEAK EXPIRATORY FLOW RATE
Respiratory mnute volume (RMV) is the volume of \H DEFINITION |

air breathed in and out of lungs every r-ifute. It is the
product of tidal volume (TV) and respiratory rate (RR).

Rmv TV =.RR
560 % 12 =6,000 mL m NORMAL VALUE

Peax expiratory flow rate (PEFR) is th
at which the zir can be expired afis

=\
o

2 NORMAL VALUE In normal persons, it is 400 Uminutz.
Normal respiratory minute volume is6 L B MEASUREMENT

2 VARIATIONS s Peak expiratory flow rate is measured by using Wright
peak flow meter or a mini pezk flow meter.
Respiratory minute volume increases ir physiological

condiiions such as voluntary hyperventil stion, exercisiﬁ,n SIGNIFICANCE OF DETERMINING PEFR

and emotional conditions. It is reaucec in respiratory I ) _
Determination of PEFR rate is useful for assessing

diseases. :
the respiratory diseases especially lo difierentizts the ,
B MAXIMUM BREATHING CAPACITY OR obstructive and restrictive diseases. Generzally, PEFR 5.
ot MAXIMUM VENTILATION VOLUME is reduced in all type ‘of respiratory disease. However,
redustion is more significant in the obstructive disszases {
m DEFINITION than in the resuictive diseases. '=

Thus, in restrictive diseases, tne PEFR is 200 Limin-

i j ity (MEC) is :1e maximum ; ; S :
Maximum breathing capacity (MEC) is B ute and in obstructive diseases, it is only 100 L/minuts.

volume of air, which can be breathed n and out of !
Jungs by forceful respiration (hyperventilzlion: increase B RESTRICTIVE AND OBSTRUCTIVE | i

in rate and force of respiration) per minute. It is also
called maximum ventilation volume (MV\]. "( RESPIRATORY DISEASES

MBC is a dynamic lung capacity and | israducecin } pisaases of respiratory tract are classified into two |
respiratory diseases. types: .i

; 1. Reslrictive respiratory disease i
@ NORMAL VALUE 2. Obstructive respiralory disease.

These two lypes of respiratory diseases are deter-

in healthy adult male, it is 150 lo 70 L/minute and in '
mined by lung functions tests, particularly FEV.

females, it is 80 to 100 L/minute.
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