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Introduction: ;4«2

Selection of an animal model is one of the most important step in any of the experimental studies. Animal model

preferred for the study must be producing similar disease profile as in the human.
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1. Use of an animal phylogenetically closer to man..cbsd¥) A 8l Lisa cili) gaad) aladi)
2. Use of an animal in which the process under investigation is as close as possible to that in man
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3. The Anatomy, Physiology and Biochemistry are considered to be similar
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Classification of experimental animals: 4 2 <l gaal) Civias
1. RODENTS (Mice, Rats, Guinea pigs, Hamster-... etc.) fwsalgd) (i U (o) 8l ) ddll) (i ) 68l
2. NON-RODENTS (Rabbit, Dog, Cat, Monkey.....etc.) 28 4ké culS i)
MOUSE :; i o’,
Smallest laboratory animal Easy to keep, handle and require small place for housing,
uniformly breed. Common strain Swiss albino mice, Sensitive to small doses of drugs. - 9 ‘
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RAT ;3%
Rat is commonly used for the assay of different hormones and for the study of the oestrous
cycle, mating behavior and fertility.
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Guinea pig :
Herbivorous and eats green foods seed and roots. Guinea pig are not able to synthesize
required daily vit C. Highly sensitive to histamine,Highly sensitive to penicillin Serum
contains an enzyme asparaginase, which shows anti- leukemic action, very susceptible to
tuberculosis and anaphylactic shock .
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Hamster :
Third commonly used laboratory animal. Two species are commonly used : Golden or
Syrian Hamster -Chinese Hamster.Hamsters are used extensively in onco virus, influenza
virus, respiratory syncitical virus (RSV) studies and vaccine production Cheek pouches do
not have lymphatic drainage and hence they are ideal site for tissue transplants such as
tumors and crafts European hamster is a more suitable model for highly concentrated and
prolonged smoke inhalation studies.
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Rabbit:

Very docile animals, Used for testing of large volume parenterals and for the screening and
bioassay of insulin, antidiabetic and curare mimetic drugs. New Zealand white rabbits have
been used in the screening of different drugs for diseases like diabetes, diphtheria,
tuberculosis, cancer and heart diseases. Employed in screening of antifertility drugs and for




teratogenic studies. Skin is sensitive to irritation. Hence used for irritancy tests. Good model for the production

of antibodies and antiserums.
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ANIMAL HANDLING: < gaad) e Jalal)
Before restrain, first pet or sooth the animal by slow deliberate movements in the body, overcrowding near the
animal cage should be , noise should be kept as minimum, don’t hold animal too hard, never agitate the animal,
it may become violent for self protection.
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MOUSE: One can handle it with the help of blunt forceps by grasping the skin behind the neck or body. (to

transfer from one cage to another) Grasp the base of the tail with one hand and with the other grasp the loose

skin behind its neck Hold the complete body by grabbing back of neck by using all fingers
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RAT: Lift rat out of the cage by grasping the base of the tail and place on a soft surface Place your index and
middle fingers alongside the rat’s head and your thumb and ring fingers under its forelegs. Use your index and
middle fingers to secure its head and remaining fingers to support the body Hold the complete body by grabbing
the back using complete palm
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GUINEA PIG: By using both hands, calmly grasp it with one hand under the chest and use your other hand to
support its hindquarters Handle guinea pig with one hand, by holding its hindquarter
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HAMSTER : Hold the complete body by grabbing at the nap of the neck by thumb and index finger and grasp
the complete body by using rest of fingers Hold the complete body by grabbing back by using complete palm
Grh (8 JalS) acaad) dlosal aulal) 48 aladinly Jalsll acad) dlla) g dubaad) g alg¥l 48 1) (e A oy Slaal) (33 ok e Jalsl) aniad)
AL ) Al aladiiady CAIATL dlay)
RABBIT : By using single hand, hold the pelvic region. This is to transfer rabbits from one cage to another By
using both the hands, hold the complete hindquarter. By using both hands, calmly grasp it with one hand
supporting back of neck and the other hand supporting its hindquarters.
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1. FEEDING OR ORAL CAVAGES: »ill 31k oo 4yl g 4,531

Feeding or oral gavages Hold the rodent in hand carefully Measure the tube length from nose to the last rib of

the rodent and mark it Give a gentle tight grip at back of the neck, so that it opens its mouth widely. Push the

rodent head slightly upward and back to straighten esophagus and then either from right or left side of the teeth,

insert the tube by gentle rotation to avoid the resistance
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INTRAPERITONEAL :
INTRAVENOUS :
INTRAMUSCULAR :
SUBCUTANEOQOUS :
INTRACARDIAC INJECTION:
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1. Terminal blood collection --whole blood withdrawal. a2 g terminaldelsll adll o



2. Non terminal blood collection (Single blood removal -- Multiple blood withdrawals). »& z«> Non terminal
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TERMINAL BLOOD COLLECTION:
Done either after exsanguinations of the animal by physical stunning or after submitting the animal to general
anesthesia The blood from such animals can be collected by:
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Withdrawal of blood from wvenacava or aorta after performing laparotomy Animals are subjected to
exanguination after decapitation, the jugular vein or carotid artery is exposed given an incision and blood is
directly collected using a syringe Blood can also be collected by retro-orbital bleeding of smaller animal like mice
rats and hamsters.

jugular Lo ,%iu9 « Uwil gbd Ay Gl1L9W llsaxdl Uo s « Lol 2ud Ao sl Ay sVl ULl 9 WY1 M,8dl o pMI ew
Jio 201 Ulgasl) S,1a0dl waysill $ab o pl gos Loyl Sy Ais> plaskiawl il pMl goo pivg Suial) \ibawd] UL il gvein
i gl U3 ,dlg Ul sl

NON TERMINAL COLLECTION OF BLOOD:
Required for single or multiple withdrawals. Different peripheral veins of different animals may be used for
collection of blood For multiple withdrawals, the amount of blood sample should not exceed 1% of total blood
volume every 24 hours.
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For single withdrawal of blood, up to 15% of total blood volume does not adversely affect animal. Withdrawal
of more than 15%may lead to cardiac failure. A single withdrawal of up to 15%of total blood volume can be
repeated after 3-4 weeks from the normal healthy animal.
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TECHNICAL ASPECTS OF BLOOD REMOVAL:
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1. BLOOD COLLECTION FROM TIP OF TAIL: J:3) ci b (e al) pea
Common method used in rats and mice for collecting 0.1ml from the capillary blood is to cut sharply the tip of
tail Adequate for multiple collection of blood samples for the determination of biochemical parameters like blood
glucose, radio labelled drugs etc.. In tail less animals cardiac puncture is used for collection of blood.
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2. BLOOD FROM SUPERFICIAL VEINS: 32,531 (a2
In larger animals superficial veins are used for blood collection The bore of the needle should as large as possible
for ensuring rapid withdrawal of blood A check is made afterwards to ensure that no after bleeding occurs from
this point
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3. PERMANENT VENOUS CANNULATION:
Used for chronic experiments which necessitate multiple blood collection at regular intervals The catheters are
made to exit at the back of animal for only 2cms and capped with steel needles and at the time of blood collection
a longer catheter is attached Thrombi formation due to clotting can be prevented by repeatedly filling the
catheter with saline containing heparin )
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4. RETRO-ORBITAL BLEEDING:
This technique for collection of blood should be used as the last resort ,by a well trained staff and be confirmed
only to one of the eyes Employed in small animals like rat and mice when larger amount of blood is required
which cannot be collected from tail vein or in tail less animals Should ideally be performed in anaesthetized
animals
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5. CARDIAC PUNCTURE:
Generally employed in guinea pig, hamsters and gerbils. It is ideal to perform cardiac puncture in anaesthetized
animal in order to reduce stress and facilitate smooth handling of animals Premedication with atropine helps to
prevent cardiac arrhythmias
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The lymphatic system is a network of tissues and organs that primarily consists of lymph
vessels, lymph nodes and lymph. The tonsils, adenoids, spleen and thymus are all part of the
lymphatic system.
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The primary function of the lymphatic system is to® ¢ stialll jlgall Luubuy) 484k ol

1- transport lymph, a clear, colorless fluid containing white blood cells that helps rid the
body of toxins, waste and other unwanted materials.
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2- removal of interstitial fluid, the extracellular fluid that bathes most tissue.
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3- It also acts as a highway, transporting white blood cells to and from the lymph nodes

into the bones, and antigen-presenting cells to the lymph nodes.
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Primary Lymphoid Organs

It is called central, lymphoid organs are the thymus and bone marrow. The function of the
primary lymphoid organs is for PRODUCTION and MATURATION of the white blood cells in
order to defend the body from disease.
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1- Bone Marrow : Red bone marrow is a hematopoietic tissue containing many stem cells
that produce blood cells and platelets. All of the leukocytes, or white blood cells, of the
immune system are produced by red bone marrow. Leukocytes can be further broken
down into 2 groups based upon the type of stem cells that produces them: myeloid stem
cells and lymphoid stem cells.
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Myeloid stem cells produce monocytes and the granular leukocytes—eosinophils,
basophils, and neutrophils. The lymphocytes which complete their maturation and
education in BONE MARROW called B-lymphocyte and others migrate to the THYMUS to
mature and education called T-lymphocyte.
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2-Thymus Gland : Thymus is composed of two identical
lobes and is located anatomically in front of the heart and
behind the sternum .Histologically, each lobe of the thymus

Capsule

Thymic corpuscle

Contex

can be divided into a central medulla and a peripheral cortex Medula
which is surrognded by an quter capsule. The cortex and i o »
medulla play different roles in the development of T-cells T s

. . U
and one of the most important roles of the thymus is the - SR
induction of central tolerance(self- tolerance) are the organs
or regions where the mature and immuno competent
lymphocytes
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Thymus
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Secondary Lymphoid Organs:

are also known as peripheral lymphoid organs. These colonize and interact with foreign agents
to induce immune response to antigenic stimuli. These organs include :
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1-Spleen; is an organ in the upper far left part of the abdomen, to the left of the stomach. It
plays multiple supporting roles in the body. It acts as a filter for blood as part of the immune
system. Old red blood cells are recycled in the spleen, and platelets and white blood cells are
stored there. The spleen also helps fight certain kinds of bacteria that cause pneumonia and
meningitis.
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The spleen is composed of the red and white pulp. The white pulp produces and grows immune
cell as well as blood cells. On the other hand, the red pulp is responsible for purifying the blood
and removing dead or old blood cells . Because of its function in the immune and circulatory
systems, the spleen is surrounded by a multitude of blood and lymph vessels.
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Germinal centers in the white pulp serve as the sites of lymphocyte production. Similar to the
lymph nodes, the spleen reacts to microorganisms and other antigens that reach the
bloodstream by releasing special phagocytic cells. These cells reside in both red and white
pulp, and they serve to remove foreign material from the blood .
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2- Lymph Node: are small, kidney-shaped organs of
the lymphatic system There are 600 to 700 lymph
nodes found mostly throughout the thorax and s
abdomen of the body with the highest | |mndsome
concentrations in the axillary (armpit) and inguinal

UNFILTERED LYMPH

Remaoves
waste products
and some fluid

(groin) regions in the human body.
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FILTERED LYMPH

Each lymph node is divided into two general regions, the capsule and the cortex. The capsule
is an outer layer of connective tissue. Underlying the capsule is the cortex, a region containing
mostly inactivated B and T lymphocytes plus numerous accessory cells such as dendritic cells
and macrophages. The cortex is further divided into two functional areas: the outer cortex and
inner cortex. These regions surround an inner medulla, which consists primarily of activated
antibody-secreting plasma cells.
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The lymph nodes function as filters of lymph that enters from several afferent lymph vessels.
The reticular fibers of the lymph node act as a net to catch any debris or cells that are present
in the lymph. Macrophages and lymphocytes attack and kill any microbes caught in the reticular
fibers. Efferent lymph vessels then carry the filtered lymph out of the lymph node and towards
the lymphatic ducts.
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Accessory Lymphoid Tissue S

Also called mucosa- associate lymphoid tissues are Lymphoid organ
associated with the mucosa membrane of a number of seineg bty
organs like respiratory and digestive system which protect

Form ring around the
entrance to the pharynx
the body against the foreign invaders. It include ;

4 groups:
Palatine
Lingual
Pharyngeal
Tubal
Remove pathogens
MALT
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1-Tonsils : There are 5 tonsils in the body (2 lingual, 2 palatine, and 1 pharyngeal). The lingual
tonsils are located at the posterior root of the tongue near the pharynx. The palatine tonsils are
in the posterior region of the mouth near the pharynx. The pharyngeal pharynx, is found in the
nasopharynx at the posterior end of the nasal cavity. The tonsils contain many T and B cells to
protect the body from inhaled or ingested substances. The tonsils often become inflamed in
response to an infection.
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2-Peyer’s patches. Peyer’s patches are small masses of lymphatic tissue found in the ileum
of the small intestine. Peyer’s patches contain T and B cells that monitor the contents of the
intestinal lumen for pathogens. Once the antigens of a pathogen are detected, the T and B cells
spread and prepare the body to fight a possible infection.
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3-Skin : the largest lymphatic organ . contain specialized phagocytic cells called Langerhans
cells
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WHITE BLOOD CELL COUNT sl aal) LMA aae

Introduction: deiis

The cells that circulate in the bloodstream are generally divided into three types: white
blood cells (leukocytes), red blood cells (erythrocytes), and platelets (thrombocytes). White
blood cells are cells of the immune system involved in defending the body against both
infectious disease and foreign materials.
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Five different and diverse types of leukocytes exist, but they are all produced and derived
from a multipotent cell in the bone marrow known as a hematopoietic stem cell (
Hemocytoblast) . They live for about three to four days in the average human body.
Leukocytes are found throughout the body, including the blood and lymphatic system.
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The white blood cell count (WBC) and the differential count are common laboratory tests
and they are almost a necessity in determining the

nature and severity of systemic infections. Abnormally high or low counts may indicate
the presence of many forms of disease.
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BLOOD CELLS(Haematopoiesis)(a-l)) a2l LIS
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white blood cells are often divided as granulocytes or agranulocytes:
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« Granulocytes (polymorphonuclear leukocytes): leukocytes characterized by the
presence of differently staining granules in their cytoplasm when viewed under light
microscopy. These granules are membrane-bound enzymes that act primarily in the

digestion of endocytosed particles. There are three types of granulocytes:

neutrophils, basophils, and eosinophils, which are named according to their staining
properties.
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« Agranulocytes (mononuclear leukocytes): leukocytes characterized by the apparent
absence of granules in their cytoplasm. Although the name implies a lack of granules
these cells do contain non-specific azurophilic granules, which are lysosomes.[ The
cells include lymphocytes, monocytes, and macrophages.
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TOTAL WHITE BLOOD CELL COUNT sl adl LYA aae  Jlaa)

The total white blood cells (leukocytes) count determines the

total number of white cells per cubic millimeter of blood regardless the type of W.B.C.
The degree of increase or decrease in leukocytes depend on the type and severity of the
infection and the response of the body.the manual method for total W.B.C count is by using
Haemocytometer (A glass slide with a chamber for counting blood cells in a given volume.)
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Cover glass Counting chamber
0.1mm depth
Cower glass support
Rx"“w—l
Procedure:s! )

*Requirements <ihia
1. Microscope s>l 2. Improved Neubauer Chamber “iusxll g dé e
3. WBC pipette bl 2ol Lo sl
4. WBC diluting solution: It is prepared as follows:
11 S 5 jumat ady reliand) a2l LA Ciide Jlaa

a) Glacial acetic acid: 2.0 ml. .« 2.0 :sulal) clIal) mas
b) 1 % (w/v) gentian violet (Methylin blue): 1.0 ml.

e 1.0 (ki) 3 3) (eansiiad) Bdaial) (ans / 0 35) 41
c) Distilled water: 97 ml. .« 97 : ykidll ¢ Ll

This solution is stable at room temperature (25°C + 5°C).
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*Principle 1=

The glacial acetic acid lyses the red cells while the gentian violet slightly stains the nuclei of
the leukocytes. The blood specimen is diluted 1:20 in a WBC pipette with the diluting fluid
and the cells are counted under low power of the micro scope by using a counting chamber.
The number of cells in undiluted blood are reported per cu mm (ul) of whole blood.
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1. Make a 1:20 dilution of blood by adding 20 ul of blood to 0. 38 ml of diluting solution
in a glass tube and mix for at least 1 min.
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2. Fill the Neubauer counting chamber by means of a Pasteur pipette or glass capillary.
ol zla sl 5l il Lale ook e sl s 2l A2 Sl 2

3. Focus on one of the ‘W’ marked areas (each having 16 small squares) by turning
objective lense to low power. (10 X).
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4. Count cellsin all four W marked corner
W dadte daad ) day )¥) OIS V) aea 4 LRI 4

5. The calculation formula for hemacytometer cell counts determines the number of
cells within 1 m L (1 mm?3) of blood . To make this determination, the total number of
cells counted must be corrected for the initial dilution of blood and the volume of
diluted blood used. The standard dilution of blood for leukocyte counts is 1:20;
therefore the dilution factor is 20. The volume of diluted blood used is based on the
area and depth of the counting area. The area counted is 4 mm? and the depth is 0.1
mm; therefore the volume factor is 0.4 mm?3.
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Total number of cells counted e dilution factor  1/volume factor = cells/mmm?3
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For example if 150 cells were counted in the four corner squares the WBC count is:
slinll aall il S aae () S ¢ A V1 U530 Cilay jo 3 33 150 s o 13) ¢ Qi) s e
150 x 20 x 1/0.4 = 7,500 cells/mm?3 or 7.5 x 10°/L

6. The difference between the highest and lowest count for the eight squares should
not exceed 10 cells.
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Normal values: :dsalal) Al

e Adults &b: 4,000-11,000/cu mm (ul)

e At birth 32¥ 5!l xie: 10,000-25,000/cu mm (pl)
¢ 1to 3 years: 6,000-18,000/cu mm (pl)

e 4 to 7 years : 6,000-15,000/cu mm (pl)

e 8 to 12 years: 4,500-13,500/cu mm (pl)

DIFFERENTIAL W.B.C COUNT 4:laliil) ¢liand) adll LA s
Differential count is the percent distribution of various white cells in the peripheral blood.
It is determined from a blood smear stained with a polychromatic stain and after
examination of the stained smear by using oil immersion objective (total magnification
1000 X). The number of each type of white cell is then expressed as a percentage of the
total number of cells.
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The stained blood smear also helps to study abnormal morphology of leukocytes and red
cells. Study of blood smear helps in the diagnosis of various anemias, leukemias and

detection of blood parasites. Three major steps involved in differential count are:
Lo Dt ) Gl ghad SO pal) il e il aall Gl yu g adll 538 o) il Calide (papdidi A aall daisa

(A ‘_,J...auﬂ\ Al =
a. preparation of blood smear sl 4sie juiasd

b. staining of the blood smear .., dsua Flali
c. microscopic examination of the stained smear..2¢ suadll daiall (5 jeaall (asdl)

DIFFERENTIAL W.B.C COUNT TECHNIQUE 4l&liil) pliayd) aall LMA so 4,185

1. Clean slide before used..lesloainl (& dadaida, 15
2. Put a small drop of fresh blood on one edge of the slide.

Aag,dll e aal g dila ez Sl aall a3 jpa s ki aua
3. Spread the blood drop with another glass slide as in figures below.
oLl JISEY) S Al daala ) dag iy aall 3 k8

4. Leave the slide to dry..—as3 s dsy 3l & )

5. Stain ( for 5 min.) Wright stain which is a mixture of two dyes solved with red colour
and methyline blue in methyl alcohol solution which consist of an acidic dye called
eosin withan alkalin red c color and methyline blue with blue colour.
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6. Wash gently with tab water an dry..—s 5 ) siall clay 38 5 Juc
7. Examine the stained slide under oil immersion lens and count a total of 100 cells and
then calculate the relative count leukocytesh type of leukocytes
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8. The film should not be very thin and the tail of the film should be smooth .
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ABSOLUTE W.B.C COUNT KX

Jalaal) pliagd) aal) LA

Counting the real number of each type of leukocytes and not the percentage , therefor it is
more accurate than differential count because it gives the exact number of each type of
W.B.C and not a percentage. Absolute cell count is calculated as following:
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Absolute Cell Count = % of cells X Total w.B.C count
sland aall LMA a3 Jlea) X LYAY (e 7= (3lhaal) LAY 22

Example: patient has a total W.B.C count of 8000 c/mm3. Differential count shows 20%
lymphocytes, calculate the absolute number of lymphocytes?

¢ A slaaalll WAL 720 Al aall jelay 3 an/ z 8000 (o el (s eliand) aall LA sae  Maa) iy b
04 slialll LAY lhall axel) vl

8000 X 0.20 (20%)= 1600 it means that this patents has 1600 lymphocytes in every mm3 of
His blood
a3 (30 3 ae S 8 4 slid 418 1600 e s sindoda g1 iAY) 36l o i 138 1600 = (720) 0.20 x 8000
Normal value for absolute numbers of W.B.C :sLaull adll LYAS dillaal) 312e 3 dmyudal) 4ol

e Neutrophile ( 2500 -7000)4a=ll L3la

e Eosinophils ( 100 -300 ) dxaealdl LA

e Basophil (40 — 100) 4:2clall L3IAl)
e Lymphocytes ( 1700- 3500) 4 staardll LA
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Lab:4 Antigen and antibody 2Laall auall g i)

Antigen (Ag), or antibody generator, is any substance which provokes an adaptive
immune responseThat is to say, an antigen is a molecule that also induces an
immune response in the body. An antigen is often foreign or toxic to the body (for example, a
bacterium) which, once in the body, attracts and is bound to a respective and specific antibody
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Immunogen: is in analogy to the antigen a substance (or a mixture of substances) that is able
to provoke an immune response if injected to the body. An immunogen is able to initiate an
indispensable innate immune response first, later leading to the activation of the adaptive
immune response, whereas an antigen is able to bind the highly variable immunoreceptor
products (B-cell receptor or T-cell receptor) once these have been produced.

8 Lgia 1) daelie Alaind 50 o 30 (ol sall (e agda ) 3ale ¢ aaiuall e e r(elie Al se) aiaiiall
e lial) i) Jadnn L)) GaY sa Lae ¢ Vol e e Y Ay ki dpclie dlatul fag of deliall (Say  auall
S AL LAY o) el sapad dpeliall cdliiaa) clatie dayy e alE il G cps 8¢ Al

Lol aly ol 3 jae (A0 LOAY i

Immunogenicity : is the ability to induce a humoral and/or cell-mediated immune response
Agla o/ g Ahla delie L) Silaa) e 5l e Liaiu)
Antigenicity is the ability to combine specifically with the final products of the immune

response (i.e. secreted antibodies and/or surface receptors on T-cells). Although all
immunogenic molecules are also antigenic, the reverse is not true.

[ 5380 saliaall abual) () daeliall il Al claiiall ae pald (<G laa¥) e 5,080 g slaiu)
oSl Gl ¢ Apaaiine Ll & deliadl cliy o ases o G0 a2l Gl (Eilll LAY e dadand) ol

Property of antigens/ Factors Influencing Immunogenicity
dctid) e i il Jal sall / il acaiall dpals

1- Molecular mass: A smaller molecule does not provoke immune system. The antigens
should possess an optimum molecular mass or large molecule which then binds with the
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receptors and provoke the immune response. The molecular weight should be
between1000 to 10,000.
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2- Antigenic determinant size: Antigenic determinant or epitopes are the regions of
antigen which specifically binds with the antibody molecule.
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3- Foreignness: The immune system normally discriminates between self and non-self-
components such that only foreign molecules are immunogenic.
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4- Chemical Composition: In general, the more chemically complex substance is the more
immunogenic it will be.
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5- Physical form : In general particulate antigens are more immunogenic than soluble one
sand denatured antigens more immunogenic than the native form.
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6- Genetic Factors : Some substances are immunogenic in one species but not in another .
Similarly, some substances are immunogenic in one individual but not in others( i.e.
responders and non-responders).eThe species or individuals may lack or have altered genes
that code for the receptors for antigen on B-cells and T- cells . They may not have the
appropriate genes needed for the APC to present antigen to the helper T cells.

3 Aaelie (o SE 3 sall Gamy (8 ¢ Sy e e 990 Le g 5 (8 Auelia (55SE 3 sall Gy 1A 5 dalse -6
Jasi G il ) 218 S el ) e (Cuuaiaall e s Gaeaiaall 61) GupAY) B Gl (ST aal g
Luliall Cliall sl ¢ Y 8 W ety | seld o 400 LAY 5 000 LD 8 5 g sall Colaaivaal) M

3ac Lusal) Al LA ) acaiial) aaisl APC 4 33U



3

7- Age: can also influence immunogenicity. Usually the very young and the very old have
diminished ability to elicit and immune response in response to an immunogen.

Alatay) g by Je ailing 5,08 cudl JL€s jlall ol G osale delial)l Je Kadl jig of oSa el
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epitope, also known as antigenic determinant, is the part of an antigen that is recognized by
the immune system, specifically by antibodies, B cells, or T cells. For example, the epitope is
the specific piece of the antigen that an antibody binds to. The part of an antibody that binds
to the epitope is called a paratope.
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Classification of antigen:: s&iwall ciyial

1-Complete antigens : When these antigens enters the body evokes the immune response
without any assistant or carrier molecule. They possess both qualities Immunogenicity and
Antigenicity.
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2- Incomplete antigens or Haptens :These are the foreign substance they require carrier
molecule to act as a complete antigen Such antigens are called as incomplete antigens or
Haptens.

(el il Jaall Shls 123 callati 3l Ay pal) salall o o 1(oagd)Auslll o AL e Cilacatial)

Ol o ALaSh e ClacatieS Clacatuall sda e
Haptens are low molecular weight compounds which are having antigenic property but lacks
immunogenic property. The immunogenic property or production of antibody is governed by

the carrier molecule. The carrier molecules a non-antigenic component and helps in provoking
the immune response.

Llaia¥) 3,6) 4 aeludy adiue pe oS dldall cliiall  deall giall sladl awall Lol o delid)
Aelidl)

A hapten is equipped with chemically reactive side chains such as
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1- Azide,
2
3
4

Sulphonates,
Arsinate and

Carboxyate ......etc.

eAntibodies are also raised against these groups also. Normally the adjuvant are used as
acarrier compound for haptens and making it as complete antigens.

Gilell ST S S saclusall sl aladind) oy Le sale Uyl Cile ganall o2d aia Wyl saliadl) alua¥) ad ) ol
AllS ClacaioaS Lelza

Adjuvants: It is a chemical, which when administered with the antigens, enhances or provokes
the immunity. Adjuvants are chemical suspension or liquids suspension in which antigen or
foreign proteins are dissolved. Since most of the antigens are proteineous in nature, they
exhibit a maximum antigenicity if injected simultaneously with the suitable adjuvants

saclisall ol gall Lo i o deliadl et Lgld ¢ Colaainal) ae Ll sl Ladie ¢ 4l 3ale & BacLucal) 3 gal)
Glaziuall aliea Y 1555 Ay pl) Gl gyl ol acaiaal 203 48 b Jilll Blae 5l b€ Galai e 3)ke

The commonly used adjuvants are:: 4 aldiuy) daild saclual) 3) gall
1- Freund’s complete adjuvants: with lipid suspension with mycobacterium in it .
A B pladiall e S8 Glaa aa 125 g 58 AL Bac Luall 3 gall -1

2- Freud’s incomplete adjuvants: are lipid suspensions or alum suspension without any
mycobacterium particles.

Aokt Clapua gl (50 dalae a8 ol dian Clilea A 1y o8 Al e saclisall 3 all -2

eThese adjuvants are enhances the activation of B and T lymphocytes and macrophages.
Hence it has tremendous importance in the vaccine production and injection.

ZEU ) 508 dpaal Ld 0 & (gas ae DUl 5 T 5 B A sbiall) LAY o e e saeLiaal) o) gall 038 Jand
P

Adjuvants can react in Several Ways (b 332 335 luwal) 3 gall Jo S o)) oSy

1- Alter the distribution and persistence of antigen within the positive host
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2- Stimulate lymphocytes production non-specifically.
Aol dng e lelll LAY gl e
3- Activate macrophages..s=2lll Juxds
4- Alter traffic of circulating lymphocytes & yiiiall 4 glaadll UIAT g 0 48 a0 juas

Types of antigens <luaiwal) £ il

1- Exogenous antigens: These antigens enters the body or system and start circulating in
the body fluids and trapped by the APCs(Antigen processing cells such as macrophages,
dendritic cells ...... etc.). The uptakes of these exogenous antigens by APCs are mainly
mediated by the phagocytosis. Ex: bacteria, viruses, Fungi etc

APCs sl 53 saiad g amadl Jil s (& ) jsall 8 Tag g pllail) o sl Clacaivaal) oda Jai 4 A Cilaaingl)
oe Aaa AN Clacaiuall sda abaiel sl ol (&) L Al U 5 aeOUll e sl dalles UDIA)
A ) Loy ey yladll g b g il 5 LSl 1Bl Jaa e ol IS5 daalil) 3 )k

2- Endogenous antigens: These are body’s own cells or sub fragments or compounds or the
antigenic products that are produced

Lealis) oy Lacaie il g5 ol Gl je gl dge 8 LS Sl anad) LIA a5 Al Clacaiid) -2

Antibody (Ab) Structure: Antibodies are immune system-related proteins called
immunoglobulins. They are specialized proteins that travel thorough the blood stream and are
found in bodily fluids. They are utilized by the immune system to identify and defend against
foreign intruders to the body. Antibodies recognize specific antigens by identifying certain
areas on the surface of the antigen known as antigenic determinants. Once the specific
antigenic determinant is recognized, the antibody will bind to the determinant. The antigen is
tagged as an intruder and labeled for destruction by other immune cells.

Ll ebiall Cplgshell o deliall Sleay davije clisigy A Balaall alual) ((Ab) dbaall auall JSia
a0l paail deliall Jlea JB8 (e Lgaladial b awadl S g (A 2as8g pall (5 me pe JEIT daiadtie Glisig g
e A Ghlie 3t 335k o A Glaciee o salad) slaal) G aaacs g lially awall e cailal)
Saall auall Jasd juw ¢ 23l dabiall 2aaa e s padll 3 jaa Gluaiead) Cladse asly 48 5 prall dabial) mlas

AV e lall LAY Haud 5 el afhenst a5 Jid 48f e auatiad) G S5 sl

Antibody consists of two short polypeptide chains called light chains and two longer
polypeptide chains called heavy chains. The two light chains are identical to each other and
the two heavy chains are identical to each other. At the ends of both the heavy and light
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chains, in the areas that form the arms of the Y-shaped structure, are regions known as
antigen-binding sites.

ens JshY) i) saaete Jusdlba s 408a) Judball anst ainll aae (e (4 jual bl e dlcaal) awall o S5
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The antigen-binding site is the area of the antibody that recognizes the specific antigenic
determinant and binds to the antigen. Since different antibodies recognize different antigens,
antigen-binding sites are different for different antibodies. This area of the molecule is known
as the variable region.

Y 15k acall o ea Jasi g aadll 2l A ge dana Ao et Al sl aualdl ddlaia ga dall A e ol ) 28 g
aalimall alua¥) AL Caliad sl Wl gl g ol ¢ Adliie Colamiv Jlo et AdlS A sabiaall alua)
el dilaially oo jall (o dilaiall 028 o el

This region, composed of 110-130 amino acids, give the antibody its specificity for binding
antigen. The stem of the Y-shaped molecule is formed by the longer region of the heavy
chains. This region is called the constant region.

OsSh ) o e Jay ) diia sead sliadl sl aad ¢ i) Galeal) e 130-110 (0 45 5Sall ¢ Aslaiall 238

Al dalaial) e ddkaiall oda ALEN Judlad) (e JshaY) ddhiall (e Y JSE e ss 3all gaa

Antibodies are divided into five major classes, IgM, IgG, Iga, IgD, and IgE, based on their
constant region structure and immune function.

Al ddaidl A e ZL’\.}clgEJclngc|ga}c|gG}c|gMcMJQU§u»AQJ;\BJLAA\eLm;\J\Héﬂ
Aclidl Ak o

e|gG: These molecules are the most plentiful in circulation. They can cross blood
vesselsand even the placenta to provide protection to a fetus. The heavy chain type in IgG is a
gamma chain.

Bleall b gl dpliall Jin g Aygedll e V) s agiSay ysedll 5ysall 35 SSY) 8 i all oda iLgG
Lals dlude oo 1gG A ALE Alulidl & g5 cpiall

e|gM: Of all of the immunoglobulins, these are the most massive. They contain five Y-
shaped sections each with two light chains and two heavy chains. Each Y-shaped section is
attached to a joining unit called a J chain. IgM molecules play a major role in the primary
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immune response as the initial respondents to new antigens in the body. The heavy chain type
in 1IgM is a mu chain.

Lie JUY Cipa JS8 e aldl diad o ggind | SV o8 o2 ¢ elidl ol slil) s gm0 ZIgM e
1550 1gM Sl e caali ) ALl pand oy ysaa s ¥ JSS e and S 36 ) oy Uil bl g lises il
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e|gA: Located mainly in body fluids such as sweat, saliva, and mucus, these antibodies
prevent antigens from infecting cells and entering the circulatory system. The heavy chain type
in IgA is an alpha chain.

A ALl ga |gA A ALEN ALl ¢ 6 A seall 5 sal) Jsaa 5 LA Al

e|gD: The role of these antibodies in the immune response is currently unknown. IgD
molecules are located on the surface membranes of mature B cells. The heavy chain type in
IgD is a delta chain.

dnlu 4 e |gD Gl aa g Wl Cag jee e dpeliadl AlaiuV) L soliaall alual) o2 50 21gD o
Ll dlds s gD A ALE Alulull ¢ 6 danzall) ALl LDIAl

IgE: Found mostly in saliva and mucus, these antibodies are involved in allergic
responses to antigens. The heavy chain type in IgE is an epsilon chain.

Dl auziiall slad dpadll Jadll 350 ) (A 93 Ll Baliadll (:Lw;‘\}_“ 238 5 ¢ ldall g lalll & Il 8 s 65 IgE
Osbie) Aol sa |gE & ALED ALdull ¢ o
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Lab 5

Antigen-antibody interactions.
Baliaal) ) gaBU Baliaal) aluwaly) edle i
Antigen-antibody interaction, or antigen-antibody reaction, is a specific chemical interaction
between antibodies produced by B- lymphocytes and antigens forming what called immune
complex during immune response.
LA Leais 3l saliaal) aluall G daae SlasS Jelii s ¢ aaiual) pa dlaall anal) Jeld 5l ¢ slaall aval) ae sl Jels
oo Ll LlaiaV) o e liad) (oS jall Lo JS5 ) colaatiosall 5 45000 4 gliagl)
It is the fundamental reaction in the body by which the body is protected from complex foreign
molecules, such as pathogens and their chemical toxins. In the blood
Al e g s Gl e Cilaase Jie ¢ Bairall dy jall Gl jad) (e avall lea AdMA (e ol ) anall 3 uluY) Jadll o) 4
6635‘
, the antigens are specifically bound by antibodies to form an antigen-antibody complex. The
Immune complex is then transported to cellular immune systems where it can be destroyed or
deactivated.
dcliall 3 el A olial Sl 08 25 o olias aws — il S pe GG aliaal) aluall aaadll 4a 5 e clacaiud) Lag
Alkaat gl o et (S Cum 2y 513

There are several types of antibodies and antigens, and each antibody is capable of binding only

to a specific antigen. The specificity of the binding is due to specific chemical constitution of

each antibody.

LY dpa sead 2 gxi L (ura aa o gay Tl )Y e 5ol8 dlias aua IS5 ¢ labiaal) @lal ga g saliaal) slua) (e g ) il B2c Sllia
A ann JS) 23l el oS30

The antigenic determinant or epitope of antigens is recognized by the variable region of the

Antibody .
Sl aall (e s yriall dlaiall A (e Clacatiall ddils 5l vl saas e oyl a3y

Antigens are bound to antibodies through weak and noncovalent bonds such as electrostatic
interactions, hydrogen bonds, Van der Waals forces, and hydrophobic interactions.
Lﬁ)sj 6%})%‘.&4\)}\5‘2\4&3&»})@3}\ kaﬂ\d&@bﬂ\ )JQJ&SMMLJ\JJM d)\AUAEJLAAS\ emybﬂ\w\.k.uﬂ
elall QAJLS}\ Qﬂcuﬂ\) ¢ JB ol
as these bondings are very weak so large number of such bondings are required. The strength of
antigen-antibody interaction is expressed in terms of avidity and affinity.
Cus (e Aladll ﬁd\@w\ Jeleis 8 e ).\AA_\M?L ostha dad ol 038 e 1508 Rae 8 ¢ J3a g daal 5 1) o2 u\f | ke
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ANTIGEN ANTIBODY
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Factors affect Ag-Ab
reaction
1. Antibody Affinity. Slaal) auall o e

Measures the strength of interaction between an epitope and an antibody’s antigen
binding site (Fab).
Fab)) JLAAA}\ ru.u;jl_\ ual;j\ .Amj\ j}ALL\JJ‘ cA}AJ M\A.H u.u J.D\ﬁ.\j\ '{;)g u.n.\s_\

High-affinity antibodies will bind a greater amount of antigen in a shorter period of time
than low-affinity antibodies and that can be be influenced by factors including pH,
temperature and buffer composition.
o (Sars ol Aimidia saliaal) plua¥) o el dia ) 358 & 2all alsa (e ST AeS C)lE lle sabiaall dlua Y Ty jiu
S S5 all daas S s el G dedi Jal gay il
8 gall () Haall
Gives a measure of the overall strength of an antibody-antigen complex. It is dependent
on three major parameters:

« Affinity of the antibody for the epitope.  Asall slaall auall ol

« Valency of both the antibody and antigen..ssieall 5 sbaall aall (e IS 58S

o Structural arrangement of the parts that interact.Jetis i o) 250 [l cus 53,

All antibodies are multivalent e.g. 1gGs are bivalent and and IgMs are decavalent. The greater
an immunoglobulin’s valency (number of antigen binding sites)


http://www.abdserotec.com/igg-immunoglobulin-g-antibodies.html
http://www.abdserotec.com/igm-antibodies-immunoglobulin-m.html
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, the greater the amount of antigen it can bind. Similarly, antigens can demonstrate multivalency
because they can bind to more than one antibody. Multimeric interactions between an antibody

and an antigen help their stabilization.
slins ausa (e S dasi 55 o S LY SN daed Colaainall el o Sy ¢ Jiadly 4y dadiy of (S A vl 4aS )y LS
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3. Antibody Specificity Antigens
NS e o

An antibody has distinct specificity for a certain antigen.
JLh..AA“ ?HAS‘ 4:\.\.4‘5.;4.; - AI'I“;E-‘I'I
WW@M@}A}J@A\M\M 3.

. . .- .y . g \ Antigen-hinding site
The antibody is even capable of distinguishing tiny \7_
differences in antigen structure such as isomers, which are ‘
small changes in chemical bonds.
¢l a5 Jie aaivall Ay (A 3 ppeall CENAY) jpai e 58 sladl awall o s
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Cross reactivity refers to the ability of an individual antibody
combining site to react with more than one antigenic determinant or the
ability of a population of antibody molecules to react with more than one

antigen.
s dlme A g 2ane (e ST pe Jeliil) e o gal) peny (3 2,8l sliaall auall 5,08 U Jaladl Jelal - Antibody Sy
a5 o Al ge (e ST e Jeliill e sliaall awall Gl ja (00 A sans 5,8

Cross reactions arise because the cross reacting antigen shares an epitope in common with the

Immunizing antigen or because it has an epitope which is structurally similar to one on the

immunizing antigen (multispecificity).

WS i daila e g ging 4 5l Cpanil) i as 4S jidie daila @ jidy Callaiall Jeliill acatie (Y ddlaiall codtelal) Las
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4. Physical form of the antigen. aaiwall galall Jil)
The physical form of the antigen influences how one detects its reaction with an antibody. If the
antigen is a particulate, one generally looks for agglutination of the antigen by the antibody.

If the antigen is soluble one generally looks for the precipitation of the antigen after the
production of large insoluble antigen-antibody complexes.

5. Antigen to antibody ratio sbael) auall ) acaiuall dus
it is very effective in detecting immunocomplexes .


http://en.wikipedia.org/wiki/File:Antibody.svg

Prozone : is a possible cause of False-Negative antigen-antibody reaction caused by Excessive

amout of antibody
Alaall aneald) (1 3200 3 4l e G_'itd\ N GA»J\ Alaall aval) Je el Jaisse cuw 98 :Prozone

Postzone : refers to the Excess of antigen resulting in no lattice formation in an agglutination

reaction
oal Al Jeldd &4 jmd S5 aae dde iy (oAl aatuall (238 ) jud :Postzone

equivalence zone:
a variable ratio of antigen and antibody which results in precipitation in which there is no unbou
nd antibody or antigen.
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Lab. 8 Enzyme - Linked Immunosorbent Assay
Also known as
ELISA

The ELISA is a rapid test used for detecting and quantifying antibodies or antigens against
viruses, bacteria and other materials. This method can be used to detect many infectious
agents affecting poultry and livestock.

Al s cadsall Canat 3l dpaeall Jal sl (e i) e CalSH S, Hlall 238 aladinl (a5 AN

In ELISA technology, the solid phase consists of a 96-well polystyrene plate, although other

materials can be used. The function of the solid phase is to immobilize either antigens or
antibodies in the sample, as they bind to the solid phase. After incubation, the plates are
washed to remove any unbound material.

3 sa aladin) 40840 (e ae N oo 5 AT b (il 5 dsdia (e daliall dls ) S5 ¢ ELISA A
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In some assays the conjugate is then added to the plate and allowed to incubate. The
conjugate consists of either an antigen or antibody that has been labeled with an enzyme.
Depending upon the assay format, the immunologically reactive portion of the conjugate
binds with either the solid phase or the sample.

ai dlime s sl Aiie (e ATV oS laia Wl 4l many s Aa gl ) o ) Ciliay ¢ clilial) (s S
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The enzyme portion of the conjugate enables detection. The plates are washed again and an
enzyme substrate (hydrogen peroxide and a chromogen) is added and allowed to incubate.
Color develops in the presence of bound enzyme and the optical density is read with an
ELISA plate reader.

Oinsouell S ) w3l 35S, Gty AT B 1Y) Jsd Sl A e a3 e i
5B aladinly 45 puall A8US 3o 8 ali5 Jadi ja a3 sy (8 Ol skl QiYL Ll mans s (O 50585
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NOTE: The steps and reagents used can vary in an ELISA assay. It is best to reference
the test insert for specific information on the technoloqgy for the assay being worked
with.

gale A gl Jad¥) e ELISA. dewlia B daddioall cidgSllg il ghdl) QAlids o ¢Say ;Adiadla
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ELISA Types
ELISAs are divided into several types.

Indirect ELISA: In the indirect format, the sample antibody is sandwiched between the
antigen coated on the plate and an enzyme-labeled, anti-species globulin conjugate. The
addition of an enzyme substrate-chromogen reagent causes color to develop.

iadiall L;x: %;.L»d\ Aatieall o Al aliadll e.w;l\ @4}(@4.1 ¢ bl ye JE & : yealaal) J.-.\.QELISA
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This color is directly proportional to the amount of bound sample antibody. The more

antibody present in the sample, the stronger the color development in the test wells. This

format is suitable for determining total antibody level in samples.

sk 3 ¢ Al i saliaal alual) aae o)) LS Aag all Slaall anad) Le 4aS ae Lok canliy 50 138
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Competitive ELISA: In this format, the specific sample antibodies compete with, or block,
the enzyme-labeled, specific antibody in the conjugate. The addition of an enzyme substrate-
chromogen reagent causes color to develop. This color is inversely proportional to the
amount of bound sample antibody. The more antibodies present in the sample, the less color
development in the test wells.
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Antigen-Capture (Direct) ELISA: In the antigen-capture format, the antigen in the sample
is sandwiched between antibodies coated on the plate and an enzyme-labeled conjugate. The
antibody conjugate can be either monoclonal or polyclonal. The addition of an enzyme
substrate-chromogen reagent causes color to develop. This color is directly proportional to
the amount of the target antigen present in the sample.
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ELISA kit components

Coated Plates &sllas cils ol

The 96-well plates are made of polystyrene and coated with either inactivated antigen or
antibody. This coating is the binding site for the antibodies or antigens in the sample.
Unbound antibodies or antigens in the sample are washed away after incubation.
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Sample Diluent —éis 4

Most assays require a specific dilution of the sample. Samples are added to the sample

diluent and mixed prior to putting them onto the coated plates.

VY e L J Jalad 5 diell Aaasall salal) ) il Ciliad Aiell o 18885 liglial) alies callas
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Controls Ll g
The positive control is a solution that contains antibody or antigen. The negative control is a
solution without antibody or antigen. The controls help to normalize or standardize each
plate. Controls are also used to validate the assay and to calculate sample results. In most
tests, the controls are prediluted and ready to use. Be sure to follow the instructions in the
package insert.
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Conjugate &l yidll

ELISA conjugates are enzyme-labeled antibodies or antigens that react specifically to plate-
bound sample analytes. Unbound conjugate is washed away after incubation and before the
addition of substrate. The optical density of the colorimetric substrate is directly proportional
to the quantity of bound enzyme present.
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For peroxidase conjugates, the substrate is a mixture of hydrogen peroxide and a chromogen
that reacts with the enzyme portion of the conjugate to produce color.
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Wash Concentrate S jall Juiy

The wash concentrate is a buffered solution containing detergent used to wash away

unbound materials from the plates.

2V (e diailall ye o) gall Juad andiing Calhie e s gy (5 Jslae (e 3 le Jawsll S 5

Stop Solution J staall e 4
The stop solution stops the enzyme-substrate reaction and, thereby, the color development.
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Important signs that you might see on ELISA kit
de gana o ) 5 88 dage clade ELISA

8T
o | CE[vo] [ L REFICH A ® @V od| &
T
For in-vitro Consult Refer fo Do not use Sufficient
N&r?'};er Eolg%p"?]?t'; diagnostic Ten‘lq_)itra“ri:titure bgfso‘?e Cﬁﬁ,‘aﬂe instructions | accompanying | when package gg_ﬂg‘e for <n> Manubf;ctured Biohazard
use for use documents is damaged tests




Lab. 9 Complement Fixation Test

(CFT)

The complement fixation test is an immunological medical test that can be used to detect
the presence of either specific antibody or specific antigen in a patient's serum. It was widely
used to diagnose infections, particularly with microbes that are not easily detected by culture
methods, and in rheumatic diseases.
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However, in clinical diagnostics labs it has been largely replaced by other serological
methods such as ELISA and by DNA-based methods of pathogen detection, particularly
PCR.

PCR.Aala 5 ¢ il ya¥) Gl (o Sl (5 5ill (aeall o 4ol

The complement fixation test (CFT) was extensively used in syphilis serology after being
introduced by Wasserman in 1909. It took a number of decades before the CFT was adapted
for routine use in virology.

N8 ale b Olapuls e o an g8 3l Jeme b el Glai o (CFT) (oSl il 80 aladiad o3
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CFT meet the following criteria Al el (oL CFT
it is convenient and rapid to perform £1Y) Aag sy Ay ya Ll
' | the demand on equipment and reagents is small i i) Sl 5 Dlanall o llalle

" alarge variety of test antigens are readily available s 2alie JLEAY) Glaiine (e de siia s 8 1S Ao sanae

Complement, a protein constituent of normal blood serum, is consumed (fixed) during the
interaction of antigens and antibodies. The phenomenon forms the basis for the complement
fixation test, which is sensitive test that can be used to detect and quantitate antigens and
antibodies.
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CFT consists of two steps:

The primary reacting ingredients are known antigen, antiserum, and guinea pigs
complement. deacial Line 3B 5 Jiaall g daiiall o e laial) 43 gV Sl sSall o o g yrall (0

1. Complement Fixation Step: In the first step a known antigen and inactivated patient’s

(o]
serum (serum which is heated to 56 C to inactive native complement) are incubated with a
standardized, limited amount of complement. If the serum contains specific, complement
activating antibody the complement will be activated or fixed by the antigen-antibody
complex.
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However, if there is no antibody in the patient’s serum, there will be no formation of
antigen-antibody complex, and therefore complement will not be fixed. But will remain
free.This initial reaction, however, cannot be seen.
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2. Indicator Stage: In a second step, an indicator system( hemolysin) consisting of sheep
red blood cell (SRBC) plus antibody specific for SRBC, is added to test for the presence
of free complement. Interpretation of the test is based on the presence of hemolysis.
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1. If all the complement has been fixed, none will be free to lyse the SRBCs, which
constitutes a positive complement fixation test.
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2. If no antibody is present in the patient's serum, then the complement is not fixed and is
free to interact in the indicator system and lyse the SRBCs, which constitutes a negative
complement fixation test.
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3. Properly conducted complement &b _ &b _ 2
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Advantages of CFT Ll
1. Ability to screen against a large number of viral and bacterial infections at the same time.
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2. Economical 4:2b=z)

Disadvantages of CFT

1. Not sensitive - cannot be used for immunity screening  deliall (asdl aaladio) (S Y - (olaa e
2. Time consuming and labor intensive 488 Alae 5 D ok Uy 5 e
3. Often non-specific e.g. cross-reactivity DBl e e undl g S 8 i e
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Quiz...

The results of CFT shown in a microtitration
plate where the test is done, Identify the positive
and negative results in this picture???
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