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Fig. 17.1. Antigen-induced mediator release from mast cell

these cells for up o six weeks. Such an individual
is said to be sensitized

‘After a second exposure the allergen travels to
the mast cells and basophils, where it binds to anti-
gen-binding sitc on I molecule. Antigen-antibody
binding triggers the process of degranulation through
which the mast cell explosively discharges its phar-
macologically active agents. These include hista-
mine, serotonin, bradykinin, slow-reacting substance
of anaphylaxis (SRS-A), platelet-activating factors,
cosinophil chemotactic factor of anaphylaxis and
prostaglandins.

Of these, histamine is the most abundant and
fastestacting, Itinduces smooth muscle contraction,
release of mucus, vasodilation and increased capil-
Jary permeability. All these reactions can have pro-
found effects. For example, excessive smooth mus-
cle contraction and release of mucus in respiratory
tract can close the air passages of trachea and bron-
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1gE produced

|

of mediators

1GE binds 1o mast colls
Through Fe receptor

Second exposure I

chi, causing asphyxiation and death by suffocation

Another target area is the uterus. Pregnant wo-
men who are severely allergic may abort the foe-
tus during an attack of histamine release and sub- |
sequent smooth muscle contractions in the uterus
Histamine also induces increased capillary permea
bility leading to oedema. Thus there is extensive
loss of blood fluids into the tissues. This may lead
to circulatory shock and death. E

Cutaneous anaphylaxis

If a person is suspected to be allergic to a particular
substance, a skin test can be done. In this test 2
small dose of allergen is injected intradermally. In
less than 30 minutes results can be read. If the in-
dividual is allergic there will be a wheal and flar¢
response at the site of injection. Wheal is a pale cen-
tral area of puffiness due to cedema (caused by in

reased capillary permeability) which i surrounded
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Yo site s smallit is possible o test
for heeersensitivity 1o hundreds of substances on a

son’s back. The wheal and

response can he
used to determine the specific substance to which
the atopie person is sensitive.

Prausnitz-Kustner (PK) reaction
Prausnitzand Kustner in 1921 demonstrated trans
mission of Ig

mediated type | hypersensitivity by
i I2E antibodics from aller
0 the skin of a normal or nonallergic
erson. Serum from Kustner, who was hypersensi-

injecti

serum containin

1E pesen )

< 10 certain species of cooked fish, was injected
intratirancously in Prausnitz (normal) followed 24
hours later by an intracutaneous injection of cooked
fish, to which Kustner was sensitive, into the same
site in Prausnitz. This led to wheal and flare reaction
within 20 minutes. As IgE antibody is homocyto-
tropic, the test has 10 be carried out on human skin,
therefore, there s risk of transmission of hepatitis
B virus and human immunodeficiency virus

Passive cutaneous anaphylaxis (PCA)
PCA s similarto PK reaction. This is used to assay
g |Eantibodies in experimental animals. In this pro-
p,  tedure, serum from an anaphylactically sensitized
. animal is injected intradermally into the skin of a

il
ar - Pormal animal. Forty eight hours later this animal is
luchallenged with allergen (1o which the first animal
soi  Was sensitive) and Evans blue dye, injected intra-

of Yenously. I IgE s present in the serum (from first
animal), the allergen will bind (o IgF on the mast
cell and cause degranulation and the release of
¢/ vasoactive amines. The blood capillaries in the arca
become permeable and allow the Evans blue dye
0 leak out into the dermis of the skin leading to
immediate blucing at the site of intradermal injec-
tion. The arca of blucing can be related to the quan-
I tity of IgE present in the serum

Ien,

i Anaphylaxis in vitro (Schultz-Dale
1 phenomenon)
f In 1910, Schultz and Dale demonstrated that sensi-

tized strips of smooth muscle contract, in vitro, foflo-
wing exposure toantigen, Thus intestinal and uterine
muscle strips from a sensitized animal (guinea-pig)

<

A

held in Ringer's solution bath contract vigorously
onaddition of spec fic antigen, Smooth muscle strips
can be passively sensitized by bathing them in serum

from a hypersensitive animal. The actual test is done
ibsequent

by adding the antigen and observing

contractions

Atopy

The term atopy refers to chronic human allerg
asthmaand

states. These include hay fever, allerg;

food allergies. The antigens commonly involved in

atopy are inhalants (pollen, house dust, animal dan

deror other types of fine particles suspended in air)
fishor

oringestants (milk. milk products, e
cereal). Some of them are contact allergens, to
which the skin and conjunctiva may be exposed
The mechanism of development of atopy is essen

tially the same as that of systemic anaphylaxis.
Atopy is likely to develop when allergen is localized
or absorbed slowly. on the other hand systemic
anaphylaxis s likely to develop if large quantities of

allergen are quickly distributed throughout the body

Hay fever (allergic rhinitis)
Iti: IgE-mediated allergic reaction that affects
the mucosal surfaces of upper respiratory tract, It
leads to nasal congestion, headache, running nose
watery eyes, iiching and sneezing, The spec
stimuli that cause allergic rhinitis include antigenic
components of grass, weed and tree pollens. dust,
mites, animal dander, organic dusts, compornts of
tobaceo smoke, and noninfectious compone: s of
fungal and bacterial allergens, Ifthe allergen ca, t
be removed, then antihistaminics are the pharmi-
cological agents of choice for the treatment of aller-
gic rhinitis since histamine seems to be the major
mediator of this allergy.

Allergic asthma

Itis asevere form of respiratory allergy. It leads to
contraction of the trachea and bronchi. The specific
stimuli that cause allergic asthma include airborne
allergens. In addition, usmmn-proiluclng foods such
as milk, milk products, eggs, meat, ﬂm; cereal
may also precipitate al| lergic asthma, Some patients
may even be sensitive o normal microbal flora lead-

ing to endogenous asthma. The main mediators of
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this allergy are serotonin and SRS-A, Therefore,
antihistaminics are not able to reverse the smooth
muscle contraction. The drug of choice for the treat-
ment of this allergy is adrenaline (epinephrine). It
is dispensed as atomizers for quick delivery. In addi-
orticosteroids and cromolyn sodium have pro-
ved beneficial in treating attacks of allergic asthma.

tion,

Atopic dermatitis (urticaria)
Allergic skin eruptions in the form of wheals (whit-
ish swelling), hives (red lesions), or eczema (scaly
sores) may develop from varied sources such as
foods, drugs, chemicals and clothing materials.
Avoidance of these is the treatment. I it is not pos-
sible then antihistaminics are indicated

Food allergies

Food allergy occurs in infants and children, but is
uncommon in adults. Certain foods such as eggs,
milk, peanuts, seafoods, ci fruits and chocolate
are frequent causes of food allergy. Consumption
of the food in a patient with food allergy leads to
nausea, vomiting, diarrhoea and cramps with typical
urticaria and wheezing or upper airways congestion.
Best cure for food allergy is to avoid that food unless
it is a common ingredient of prepared foods such
as flour.

Desensitization

This is accomplished by actually injecting the per-
son with offending allergen. The patient s injected
with very small doses of allergen repeatedly overa
long period of time (months). The dose is progres-
sively increased until the person no longer reacts
to the allergen. However, some persons may get
relapse afier years.

Following small earlier injections, the allergens
react with IgE antibodies attached to mast cells
and basophils leading to degranulation, This proc-
ess goes on till all the IgE antibodies are consumed.
Subsequently, in response to higher doses IgG anti-
bodies are produced in place of IgE antibodies. 1gG
antibodies are knewn as blocking antibodies because
they are able to bind to the allergen in the blood
stream before they reach IgE attached to the mast
cells thus blocking degranulation. Most subclasses
of 1gG (with the exception of 1gG4) cannot bind to

N
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mast cells. Another thetry states that this type of
immunotherapy stimulatcs the expression of sup-
pressor T cells which block IgF antibody produc-
tion by B cells. Therefore, the fevel of IgE: antibod-
ies falls and symptoms disappear. -

TYPE Il HYPERSENSITIVITY : CYTOTOXIC

This involves the combination of [gG and IgM se-
rum antibodies with forcign antigenic components
onacell surface. Alternatively. a free forel
gen or hapten such as a drug or microbial product
may be adsorbed on to a cell membrane, which
subsequently combines with antibody. Two differ-
ent antibody-dependent mechanisms are involved

on anti-

in this type of hypersensitivity

1. Complement-mediated cytotoxicity :
Some of the cytotoxic reactions are complement
dependent. Afier the antibodies become membrane
bound, complement may be activated. Activation
of classical complement pathway leads to the lysis
of the cell through generation of membrane attack
complex (MAC) (Fig. 12.1). Activation of
plement cascade also leads to the formation of C3a
and CSa fragments. These fragments are chemo-
tactic for phagocytic cells. Fab portions of the anti-
bodies bind to the cell bound antigens and comple-
ment gets fixed at the Fe portions of the antibody
molecules. The phagocytes, which arrive at the site
by the chemotactic activity of C3a and CSa pos-
sess complement receptors (CRs) and lead to the
phagocytic response (Fig. 17.2).

2. Antibody-dependent cell-mediated cyto-
y (ADCC) : This is the second possible
mechanism involved in type Il reactions. Fe portions
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The Complement System

The term complement (C) is applied to a system
of components present in the serum of man and
animals. It consists of nine different proteins deno-
ted C1-C9. The fraction C1 oceurs in serum as
caleium ion dependent complex, which on chelation
with EDTA yields three protein subunits called C1 q,
Clrand Cls. Thus C is made up of I different
proteins. Complement proteins differ in their elec-
trophoretic mobility and molecular weight having
sedimentation coefficient ranging from 4S to 115,
These differences permit their separation by physi-
cal methods. Though some of its components are
stable, C as a whole is heat-labile undergoing spon-
taneous denaturation slowly at room temperature
and in 30 minutes at 56°C. Serum deprived of C
activity by heating it at 56°C for 30 minutes is said
to be inactivated.

The amount of C present in the serum cannot
be increased by immunization. It is, biologically, of
considerable importance as an amplifier of immune
reactions involving humoral antibodies and is beli-
eved to play an important role in the defence of the
body against microbial infections. C does not bind
to free antigen or antibody but only to antibody

which has combined with its antigen. C binding site
is located on the C;;2 domain of the Fc portion of
1gM and IgG molecules only. These sites are not
exposed when antibodies are in the uncombined
state. However, after antibody combines with anti-

gen the C binding site is exposed.

Asingle molecule of M can sensitize red cells
10 C lysis. On the other hand. sensitization by oG
requires that at least two molecules should be bound
atadjacent sites on red cell surface. IF1G binding
sites are too far apart, as in R system. C binding
and lysis cannot oceur.

Cis normally present in the body in an inactive
form but can be activated to form an enzyme cas-
cade. The cascade is a series of reactions in which
the preceding components act as enzymes on the
succeeding components cleaving them into dissimi-
lar fragments. The larger fragments join the cas-
cade and the smaller fragments are released which
often possess biological effects which contribute
1o defence mechanism by:

* initiating an inflammatory response,

* causing the destruction of parasites, bacteria,

virus-infected cells or red blood cells,

* clearing dead cells and immune complexes,

* detoxifying endotoxins, and:

+ effecting release of histamine from mast

There are two activation mechan
which complement system
are known as classical pathy
properdin pathway. The
ence of antibody for a
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Activated forms are designated by plac-
bar over the number, for example, €2 repre-
sents activated C2 w

The
when C1 interacts with the Fe portion of either cef
bound Ig (IgG or IgM) or immune complex. This
interaction results in the sequential activation of C4,
C2 and C3 and leads to the nation of complex

Il membrane
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cleaving enzymes. Activation of €5, €6,.07, C8
and €9 then completes the cascade and results i,
he mation of the C5 to C9 membrane attack
complex (MAC), which can lyse the cell. €1 is
composed of one molecule of C1q, and two mole-
h of Clrand Cls. Clq binds to Fe portion
te Bi

ne
Cl complex that |
This then converts C15s into an
acts on C4 to produce C4;
sed

s to the autoactivation of C
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nd a reactive C4b
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ind less

ponent in the sequence, C3. The newly formed C3
conyertase, CAB2b cleaves C3 into two fragment
C3a and C3b. The larger C3b fragment atta
10 both the cell membrane and C4b3b complex,
while the smaller fragment, C3a, is released to the
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Fig. 12.1. Classical pathway of complement activation.
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CHAPTER 17

Hypersensitivity is an abnormal immune response
which produces physiolog
dama

or histopathological
¢ in the host. It may be divided into five types:

Typel  Anaphylactic

Type Il Cytotoxic

Type Il Immune complex

Type IV Cell-mediated or delayed
Type V. Stimulatory or antireceptor

Type I. 11 111 and V hypersensitivity depend on
the interaction of antigen with humoral antibodics
and are known as immediate type reactions, altho-
ugh some are more immediate than others. Imme-
diate hypersensitivity reactions develop in less than
24 hours after reexposure to an antigen. Type IV
hypersensitivity or delayed hypersensitivity is medi-
ated by T lymphocytes. Delayed hypersensitivity
reactions develop in 24 to 48 hours

TYPE | HYPERSENSITIVITY : ANAPHYLACTIC
It is mediated by IgE antibody and is due to the
powerful effects of histamine and other vasoactive
amines. Hypersensitivity may be local or gencrali-
zed, depending upon the amaunt of histamine rele-
ased, the site of its release and route of stimulating,
antigen. Generally, small amount of antigen admini-
stered to mucous membrane or skin will induce local
anaphylaxis, whereas larger amounts may induce
a generalized reaction and antigen administered
systemically may cause gencralized anaphylaxis,

174

Local anaphylaxis is exemplified by such conditions
as hay fever and asthma. Systemic anaphylaxis is
ashacklike condition that can occur in individuals
who are intensely allergic to such things as bee
venom, penicillin and horse serum
An antigenic substance that can trigger the alle
gic state is known as allergen. It may be a protein
or chemically complex low molecular weight subs-
tance. Most allergens are considered weakly im-
munogenic and most people do not respond to them
adversely. However. an allergic person is often
sensitive to several different allergens.
In order to produce type I hypersensitivity an
individual must first come in contact with an anti-
gen and produce IgE antibodies. These antibodies
bind to mast cells and basophils (Fig. 17.1). Baso-
phils are found in the circulation while mast cells
(orfixed basophils) are located in lymphoid region:
of respiratory tract, gastrointestinal tract, reproduc-
tive tract, skin and lining of blood vessels including
capillaries. They have large number of vesicles
containing pharmacologically potent compounds like
histamine and serotonin. Thus after first exposure
allergen-specific IgE is fixed to the mast cells and
basophils, thereby sensitizing them. The part of the
IgE molecule that binds to the surface of mast cells
and basophils is the Fe portion, These cells pos-
sess high affinity receptors specific for Fe portion
of IgE: antibodies. Thus Fab portion of IgE remains
exposed. IgE antibodies can remain attached on





