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T MMuNITY

* Tmmunty is 4he abiy of the body to reoynize, reict €
destoy hamful substances like buclewia , Viuses , foxins <
pamsties:

These harmfi! substances are clled a:ﬂiaens.
The body defends fself using. the immune system-
The brnch of stene deals with the shdy of irmune System
1s known as Tmmunolo Y-
- 0!3011$= Bone Marrow, Thymus, Spleen, lqmph nodes

= (els: WBGs (Levkorytes)

IMMUNE SYSTEM CELLS

%

monocyte  macrophage  mastcell  dendritic cell naturaI”aner
ce
neutrophil eosinophil basophil T cell B cell
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[ IMeunrry |

INNATE ' IMMUNITY ACQUIRED ||I~muurw
[ | ' ]

On_the bags of Cll On the basis of source

t(el!ular Immunfh, | tAdiUe Imrauntty

Humoral  Iramunity Pocsive Imraunty

| InnaTE IMMUNITY I

Thnate immuntty 15 the fist line of defense OF the bodl/‘

T is prsent fom bith € provides immediate . protection against
paihog_ens-

® Tt 15 non- spedhic because tt doesn¥ Mr&ef a pasticulay arrhg;n-

o B doesnt have any ma’nory (does not remmember previous
infections).

(omponeNTs OF INNATE IMMUNITY

(1) PhysicAL_BARRIERS

* These are the fist profedive layes that prevents entry of Pdrhogd\s
o B includes:

- Skin: ads us a iou&h barrier

- Mucws: ‘l’rups mierobes

= Ghia: push mimobes out  (respimtory trad)

- Tears € suliva: ntain enzymes ( h,soz(,me)

- Stomach aod (HCD: kills  pathogens
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@ (hemicaL  BARRIES

® Thee are chemical - substancés  thart  destroy pathogens  such as:
- quozyme: breaks bactenal cel wall :

= Aadic pH: skin , stomach

= TInterforons: Prevent viral infecion

o= (omp!emerrl‘ poteins : des-hoy microbes

@ Cewwar GmeoNENTS
~ These are the immune cells that dl‘mcﬂlf aHack Paﬁnc?als

Cew Man  Function

Neufmphﬂs First 4o arive, kill -microbes (Phaapcqh:sis)
Macrophag_es Eat Palho?ens + sfart  inflammation
Dendniic (ells Show am?f:n fo T cells

Nk clls Kill virus - infeced € tumor cells
Mast cells Release histamine  ( inflammation |, allergl,)
Basophﬂs Help  in allergy

EDSIhopbﬂs kill parasites

INNATE IMMUNITY CELLS

macrophage mast cell dendritic cell

neutrophil eosinophil basophil NK cell
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MecHaNIsM OF INNATE  IMrMuNTTY

Pa#hogen entry

Bamer (ells (Skin/ Epﬂhell‘um)
Recoanfhbn by PRRs ( PAMPs  detected)
Eurfff (Cellular ResPonse
Neutrophils- Phagofylm‘s
Macmphages- (yfokiens
Mast (ell = Histamine
IpRammaton (Redness, Hedt, SweNl‘ng)
Recrutment of Cells
Nk cells - kill infected

Eosfnoph’ls-» Parasites
Basnpbﬂs - A"E'l?,l,

Dendrhic  Cells aphure Anh‘gen
Mf'gruﬁon to hfmph nodes

Adtivation of adagtive Immunrty (T- cells)
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| Acauireo IrMmuntty |

o It is alsp known as Adqpﬁve or Speific lmmum'hf

® Acq_w’red immunty is o type of immunty that develops ofter
exposure to an anh‘gen £ prvides @ specific  fesponge agglinﬁ'
that antigen-

* B s clled spenﬁ‘c immunity  because it hr?_els a pumticular
Pa\‘ho?en-

® B has memory whch helps in fuster response oM re- exposure-

* T} inwlves !qmphoafles (B-tells € T-cells)-

_Tvpes OF Acauirep IMMuniTY
® Tt is Rinher dasified on two basss:
(D 0n the basis of (el involve
On the Bass of Soure

() On The Besis OF (e InvonE
® T s ofF two ‘hﬁ)es

Humoral Immunrh,

® Clular Immunrh/
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@ [HumoraL IMmuniTy |

¢ Humoral 'rmmunﬂy 5 a h/Pe of adth‘ue r’mmunih, in which
B-lymphocyfes poduce antibodies thet  ciralate in  body Auids/
bumos (blood € lymph) fo H‘gb% perthogers.

I mainly protects agam;f extracellular Paihogens (bacteria,
toxins  eke).

Ro.e OF B- (kus

Humoml immunity is mediated by B - lymphoaytes:

They're  developed &€ matured in bone marrow-

'ﬂ'iey recoﬂ,nize sPea‘ﬁ‘c anh“gem‘ va B - cells rEcthrs (BCR)-

Acnvanon _OF B-(eus

B - (ells binds o arkyen Vi BR £ enaa.ulp t

Afer enquifment # breaks an!?en imo peptide Gugmenfsé
d&play it on surfice %mug.h MHC -1

A T-Helper (el remgmi‘ed the antigen - MHCTL complex € release
Cytokines  which gives the final signal for B-(ell adivation-

ARer achvetion i ropidly divided imo two types of celk:

= Plusma (ells: They  produce latg,e amounts of antibodies
- F’Iemory B - (ells: Tbey're long ived ells that remmember a
spea‘& anﬁgen < me'des Ricles achon on

fe - PXPOSUFE ’
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ANTIGEN B CELL Helper T Cell
(recognition) (antigen presentation) (activate the B cell)

Virus

N ¢Gf/’) . -

B CELLS
(replication & differentiation)

Phagocytosis ANTIBODIES PLASMA CELL
of tagged pathogen (neutralize the pathogen) (antibody production)



@] CewuAr IMMUNTY

® (ellular immunity 15 a type of adaphve immuorty in which
T- lLfmphﬂty'fes dired-ly attack £ de;frut)f infected, abnosmal ox
Fﬂm'an cells whhowt usihg  aibodhies.

* B mum'!l/ Pruiecf qgw‘nsf infracelluloar Pu*hogfns (viruses , some
bactena , cancer (ells).

Row. OF T- Ceus

® (eluwr immundy 15 mediafed by T -lymphoutes

¢ They're developed in Bone Mamsw but matured in Thymus
aPRer  Positive Selechion.

Acnvation OF T -Ceus

o T lls ant manize free anh'gen they fécl_w'm APCs (Anh'g_en
Pmﬁn?. (ells) for Anhgen remgyrh‘ﬂn swh as-

— Dendrhic  Cells (most common)

= Macmpha

- B cells
* AP(s Precerr!: anh‘g,en ﬁugmenis on MHC molecule as MHC

unh‘gm mmPlex, TR binds 1o ths complex:
- MHCT: (yhotouic T- cells (CDB")
= MHC T Helper T-cells (cpy*)
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T-cell activation

Activation

of T-cell

S
Phagocyte _-?\ gy

Cell
destruction



OF T-(eus

.,\

.
-

.
-

1 (ytotoe T- cells: They directly kil infected or cancer cels €
ﬂecoanize anﬁgen via MHC Class T

< : ‘ s’
2) Helper T- Cells;: Tbey reledses Cylokines € achivates other cells
such as B cells- CI{MOZI'C T- Cells, Hacmphaﬂas-

3 Reguladnn, TrellsThﬂ, ,’r??ulafes/‘suppress immune rBsPonse o
© C prevent aufm'mm'unﬁy-

4) Hf'rnory T- C_drls: -H)elf‘re lﬂng lived cells PIDVIHBI Rster
fesponse 0n".fo- expasure:

Types of T cell

-CDE+
T

CD4+
b CcD2s
- | )f [ o ceor
.

—CDas
T Cell Hacepiar-«ll ‘f T Cell Receptor—

Helper T cell Cytotoxic T cell Regulatory T cell Memory T cell
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@ On The Basis O Source

On the basizs of soure  H Is agﬂin of two Hypes
@ Adive Iﬁnmunrh/
® Passive Tmmunmf

@ | Active IMMunTY

® Achve |‘mmunﬂ1, s the u'mmum‘h, devel‘oped when body
Pdeuces Antibodies £ memory (ells fn response o on unhgen-
® B 15 futher divded info two sub-ﬁ”xs:

@ Notural AT * o T ocurs ofler natural  infechion-
. Example: Tmmunrh, afer recovening from
Cbl‘tkepox-

@ Adifical AT : T is developed by Vacination-
* Example: Polio vaczine, COVID-19 Vacane-
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® | Passve IMHuniTy

o hssive |'mmum'-h/ Is the :'mmun'rh, where l?ady - made antibodies
are transkwed 1o a person-
* T i again of two subhlpes:

@ Natuml PT-: o Fom mother to baby
*They transfemed fo baby via placenta Ug6) €
breact milk (IgA).

® Adifiaal PT ¢ « Thjection of antibodies
. Example: Anti - rabies gerum , anti - shake  venom-
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|MMuNOGLOBULIN

® Immunoglobulins (Ig) are glyoproteins produced by B - lymphocytes
(plasma cells) in response fo an antigen-

e 7het,»'nz v —shqped profeins produced by Plasma cells that
speafv‘cum{ bind 1o anh'ﬂens 10 neutralize or elimnate them.

o It s hfghh, sPeciE‘c +o Anﬂ'ggn € part of Humoral ‘.Erlmamh,-

Basic Structure of Antibody Molecules

Antigen-binding
Region

Complement Cl
binding site

CH2-
Immunuglohulir‘;,/
Domains -

S
_ s
b A
CH3" 5 3,)
<—_ Fc receptor binding
== site
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Strucrore  OF  Anmigooy
An anhbody 5 a V-shaped protein & made up of \ poly -
Pe’)ﬁ‘de chains

* 2 Heamf Chains

o 2 IJQ,H' Chains

@ _Heavy Giains

. 'ﬂvelf' re two identical heavy chains -

o They're Iartjer in size (\ S0 kDa)

® Thet’ Fosm the ore studure of anﬁbody-
® 'Tbe(/ deteymine the class of Anhbodlf

w_iHequq Chains | Antibody
X (9amma) | TG
o (alpha) IgA
M (mu) | IgM
€ (epstlon) IE
[ 8 Gt | TD |

@) LGt _Chas
o mec/'re 2 smaller 1denticgl chains (w 25kDa).
° "lhen/‘re of Generally tuo Types :
- kaPpa (k)
- Lambda (A)
o Eoch artibody has either | o A, not both.
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ANTIBODY STRUCTURE

antigen antigen
binding site binding site

/§

(\ /\f/ariable regiorI/
\ light chain

constant region




Recions OF ANTIBODY

@ Fab_Reqion

o B is Tgmgmenl" Anh‘gen 8|'ndin3 regu‘on-

B s locoted ot ams of Y

T onfains arrh?cn bf‘nding, stte-

Each anh'bod(/ has 2 fab regjons, which binds with 2 Anh‘gens-

@ F Reqion

* I} s Y ent cryslnlh‘zable negj‘on-

T 5 located at stem of Y-

o T activales complement system € immune  system.

(® \onable Rgg[al

o His prsert ot 1ip of Y-

® Tt differs in each antibady, allowing recogm'srh‘on of different
Onh'g_ens-

o I 5 the regjbn that adually binds with anh‘cagn-

@ (onsant R’%ggn

® B remains same in oantibodies of same closs.
® T is nesponsible foy effector  Functions .
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@ Hing_e Reqton
* Fis Pre_gerrl— bw Fab £ F
* T provides ﬂE'xinr'hf € allows ams fo move ﬁeely

Disutripe_Bonps
® Disulfide bonds (~S-5-) are covalent bonds Pnssenr in antibody -

® 'lhell' re of two +9F6 of Disulfide bonds:

@) Inferchain Bonds: T is Pcesen’r blw heaw,- heqvu, £ heavy-
h'gbf chains.

@ _Intrachain_Bonds: B fs present within the same chain.
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TvPes OF IMMUNOGLOBULINS

On the bass of heavy  chains , immuno%lobulms / Antibody o
s Y

O) 1'361 Anﬁbody

@ IgA Aniibody

® 1gM Antibedy

0 IgE Anfibody

® IgD Antbody

@ Igei ANTIRODY

* Iy6 fs the most abundant anfibody present i the blood €
exdracellnloy flwd, € # onshitules about about T0-15% oF
fotal |'mmun03k1buh'ns.

°* k55 relaﬁvelv smaller in size-

e H Plays a _majs mle in lonﬂ,—’rean immunity by neuhalizing,
tous € vinuges:

o T s copable of oclialing, the wmplement system, wheh heps
in the destuction of Palho&enS-

o B 15 the only antibody that @n cwes the placenta € provide
Pass'we l'mmunmj to the fetus
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@ Iqn
® Igh & mainly found in body secrefions such s salva, tears,

mucus £ breast milk-

o usualh, exsts as o dimer-

o B plys ¢ cucal nle in mucosal mmunty by profecting. the
resps'rufon/ € @GIT-

o Tt prevents the altuchment £ enly of Pa{bogms into +he body
by neutralizing. them at mucsol surfices.

o B ok as the fisk line of defence in areas that are expused
o the exernal environment-

® Ipm

o IQM 15 the lo:%-} anﬁbodl, £ exsts qs o Perﬁnmez-

o T 5 the firet ar#vbody produced duzn‘ng_ primary  immune fesponse
when an anh?en enlers  the body.

e Fis h;?blq effective in adi\mﬁn% the complement syctem €

mﬂla'lfng, immune Feactions.

Bs presence 0 blood genem"l{ indicates a Rent o date

infection.
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® e
. IQE Is present in very  low concentration 10 the blood but has o
amnﬂy fox  mast cells €  basophils-

J ]} bmds fo Fc receptors on these (ells € femains attuched o heis

surface-

B plays an imporint ©le i alletgic wactions € defense  against

Pamsdlc infechons.

® Tt hgz}els the mlease of histamine € other l'nﬂammcrinry m edhartors -

e I} s responsible fir conditions  such as wthma, hay Fever, €
aanh,lach‘c rachons.

©Ip
IﬂD is the least abundant antibody € iz mainly present on
the sufae of naive B h/mphoaﬁes

¢ D eisk as o monomes € fanchions pmmanlq as a receptos for

arrhgfn teco nition-

€ B lefs a role in the activation € dtR‘emrrhahon oF B elis

the immune reponse-
° ]}g exact b;‘dogfcal functon s not ﬂl”tf undessfood, but # 15

impcm‘anf in the earh/ sfages of B cll activahon.
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IgG

Disulfide lgA
bond

i | |
Jgining 2}
<hain jaining

Secretory
chain protein



Magor HisrocompATIBILITY _(omPLEX

¢ MHC is a group of genes that ade @ proteins o5 MHC
molecules ( 8Iqmpm+eins) present on cell surfices -

® B s ako known as HIA ( Humna Leukacyte ﬂnﬁﬂfﬂ) Siystem .

e T helps the immune system to diffrentizte blw sef us non-self:

° Tﬁeg precent th‘ﬂenfc peptides fo T-cells, which 15 escential For
immune  response-

o Tt is noted that B-cell can recogise anfigen on fhei own, while
T-Cell need MHC R arrﬁgen Fecoﬂ,niﬁom

e TIn humans, MHC genes e loated on Chromosome 6

Cinsses O MHC

MHC mainly divided into 3 casses:
@ MHcT
(@ MHcT
® MucIr

@ MHC Grss T

* Bk present on all nudected cells (Not present on RB(s)

o These moeules ore ghaded blf HA-A, HLA-B € HUA-C

o 861w;reserrts endogenous anh‘?a'ts (inside the cell) such s wiral
proteins , Humos prokeins  on s surfice

o T cnst of:

- Heowy (&) chain (with 3 domains o ,%a ,te)

- pa- mr’angjobuh‘n
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Working MECHANISM

Anh‘gen protein —> broken iro  peptides
PePﬁ:!es bind MHC T in ER

ComPIex moves to surfuce

ng T el remamzes — kills infectedd il

Class [ Molecule

Peptide-Binding
_ Cleft

f
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@ _MHC Cipss T
* TBEV' re present only op Hnﬁgfn Pmenhhg, lls (AP(s) such as:
= Dendntic Cells
- Nacmphags
- B (ells
® TThese molewles are encwded by HLA -DP, HLA-D6 € HLA -DR
ﬂmes in  humans.
® The present Sxofenos: antigens (oukide the cell) such as bactesia,
foxins-
B onsist of two dhains:
D o chain (Two domain % 0l)
B B chan (Two domain B ,82)

Working  MEQiANISM
o Pathogen enguf‘ed by APG fl Phagocy’lﬂsl's)
® Broken info peptides lysozyme-
e MHC binds PePh'de
e Prsented to (D4 T cell = jmmune activahion-
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MHC Class II Molecule

Peptide-Binding
Cleft

000000000000 a VOO S0000000000000C0



® MHC (s T

® MHC (lass TT has no rle in antigen presentation -

® These qenes  code fir several impostant immune system proteins
l'ncludn‘ng_ components  of he omplement  system such as (2,4 €
fador B.

. TBec/ also encede (erfain ytokines like tumos nerasis facos (TWP),
which Py a rle in inflammation € immune mgulah‘on-

® MHC (lass I P‘roduds are mainly involved in enhandr% immune
fesponses  further than dlirectly iMEmding, with T- ¢ells-
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* Hypersensitivity reactions are exaggerated fos inapproprigte  immune
lesponses that- result in Hssue damagp. or discomfozt rather than
protection.

® These racions ocur when the immune System responds
excessively o any substance which s 3enemllq harmless (known
as Alleugen).

Tyees Or HvPERSENSITIVITY REACTIONS

. Acmrdn’na to (oombs & Gell Clossification,  Hypersensitivity
Reachions are classifed info 4 fypes:

€D) Type - I (Anﬁbody)

@ TYPe- T ( Cyotodc)

(® Type- 1 (Immune Respoase)

@ TYPE - I (Delaged)

(@ TyPe -T HyPersensmuity

o Type T hypersensitivity is an immidiate allergic reaction mediated
by RJE antibodies-

o Trowrs wihin minutes of exposure fo the allergen in sensi-
tized indivispals.

®  (ommon allergem Incluctes pollen, dust mites, nuts, mik 0¥
certain  medjcations.
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MEcHANISM

Rllergen enters body (Pollen, dust,food)
Stimulates B-(ells -)ISE Pmduch'on
TgE binds 4o Fc receptors on Mast ell € basophils
On Rexposure Aller(cjen (s lioks the TqE
Cross lfnkf'ng_ -lng,gers, deﬂmnulaﬁon & release 0F mediators

Hypersensfﬁw’rv Reactions

MEDIATORS
® Histamine
o leukottiens
o Pros}aﬂ,landl‘ns
° G/'h)kfﬂé’s

EFFEcTs
e \agdilation
e Bronchoconstnchion
o TIncreased vascular Permeabt‘b’ry

e Mucus secrehion
VIDEOS : @) IMPERFECT PHARMACY
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ExAMPLES

Asthma

Allerg_q‘c rhinfis

Utlicaria  ( hives)

Anaphylaxis ( severe, liR ‘Panal'em'nﬂ)

Plasma cell

Allergen

Released -
IgE antibodies | )/

b
Contact with
Re-exposure  2lergen

? v
Histamine IgE receptur -
Allergic '

reaction . a “

Mast cell
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(2) Type AL HyPERSENSITIVITY

4 Ty'oe-]l' HgPefsensﬂq‘uﬁy reachons are immune (esponses i
which antibodies fur?,ed- anﬁaem presert on the surfuce of
ells o Tssues, f(’adl'ng b cell damaﬂe ox destruchon-

® ‘These reachions are pm‘rnamq mediated by ISG? 0y '[%M
Antibodies-

MECHANISM
) Anh‘aen Presence: Hrrh‘ﬂens are located on cell membrane (e-ﬂ_- RBCGs,
Platelets) ox extracellular mednx:
& Hnﬁbodlf blhdlhﬂ,_-‘ Iﬂ@ & IQM anfibodies bind 1o these antigens-
o (ell destruchon ocars via:
- G)m’)lemem‘ activation —> leads to cell lysis-
- OPsom'zaifan — Phqgocyfes engutP € destoy the cells:
- Anhibody - dependent  cellular  aylotoxicity (Aoce) = mediated
by natural killer (NK) cells-

ExAMPLES
®  Hemolytic Anemia
e Blood dransfusion reachon
e FKh fnwmpcn‘ubflﬁy ( Hemolyﬁc deseace OF newbown)
o Myasthenia Gravis ( Ach receptor dama?rE)
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cell lysis

NK cell

Opsonization

Y

© ————— 3 Virolysis

Complement
activation



(® Tepe IL Hypersensmvity

e Type TL hypesensitivity readions oalr when anfigen - antibody Cirnmune)
a}mFIe;fs Form in the arculation £ ﬂenl— dePosHed in hssues,
leadr‘ng fo inAammation € tissue inury-

o These reachions are mainly mediated by IHGI o IS” antibodies:

MECHANISM
o Formation of immune complexes: Soluble anﬁgeng binds with Tg6
antiboclies in the blood-
o Deposﬁfon in tssues: These complexes depostis in site like blood
vessel walls, kidneys, JOEnfs & skin-

* (omplement Adivation: 'ﬁ1‘98@rs InAammahan-

e  Recruiment of Neu#upbﬂs: These cell relense enzymes € reactive
substances that damag.e soﬂnundr‘ng_
Hissyes.

ExpmMpLE
o Systemic lupus enythematosus (SLE) — immune complexes  dleposit
in muiﬁple omans.
o Post- sreplococl glomerulonephntis - complexes  deposit inkidney
glumeruli -
® Serum sidness - reachon to Rmeﬂn Prnfefns or dmgs.
o Arthus reacion- localized skin readion after antigen injection-
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1. Immune
omplexes form.

AN ol

- lgG +
“/"W( ENTIGEN
NEUTROPHIL
2.Complexes
deposit on
vessel wall : _ .
(or tissues). *seeof

%,/ * CYTOKINES,

7. ENzYMES,

~ROS

4. Increased
3. Complement & Neutrophil ?ermezb|l|ty 5
activation, inflammation. ISSue aamage.



@ Tvee I HypersENsTVITY

o Type T Hypersensttiviy Is an immune feaction mediated by
T hmehO(y’res Cnot antibodies)-

® T i willed delayed because the reaction ﬁ/Pl'cam, appears
24-72 hours affer expusure to the antigen:

MEcHaNISM
TnsgerEd by sensiized T cells (mainly D4+ Thi cells &
Sometimes (D& + T cells)
o On fe - exposure to the qnh‘ﬁem
= T-cell rlease cytokines (e-g, inferfron - Y)
- This achivates maanpha&es € (yotoie T cells
- leads to0 mAammation € hssue damagﬁ.

Comron _ExaMPALES
® (ontact dematrhs Ceﬁ. nickel , poison ivg)
¢ Chonic fransplant  fefection
o (ertuin autoimmune disease (e-a; Type T diabetes)
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Helper T Cell/Cytokine

Antigen - MHC Il =
b Cd4+

@
@ L

IL-6,
IFN-y, =23
IL-12




IMMunoSuPPRESSION

g ]}nmunOSUPPrembn refers to the reduction o Inhibition of the
immune response , which ma? occur ncrhnmﬂy o can be induced

'}hEmPeuﬁmHL/-
o T i5 mainly used  when the immune  system becomes  overeactive

05 Shorls damaafn?, the badq‘s own hSsues.

MEcHanIsM
e ]}nmunosuppressive aeenfs act bl’ l'nhfbiﬁng_ achvation , prolr”l'éraﬁon, £
finction oF immune cells such asn T Iz’rmphoa/ies € B Iymphotlﬁﬁ&

o They reduces aytokine Producﬁon, anh'gen presentation , €  antibody
formation-

IMMUNOSUPPRESSENT  DRUGIS

e (orhcosteroids : Suppress  immune response bl., |‘nhﬂ>ﬂfn% inﬂammafvnf
mediators € cghkfne Pmduch‘on-

° CI!CIOSPO?H‘he: Inhibiks  caleineysin , ﬂ?ereby Preven%fng, acdivation of T-
ells € Pmdudfon of IL-2.

o Methotrexate: Titerferes with Rlic acd metabolsm € suppress
immune cell division.
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Uses

. ImmunosuPFmbn is widely used in ogan fransplantation to
prevent gmﬂ- injection-

® T is also used in outoimmune diseases such as rheumatord
arthinh’s:

o T0 cnol severe aller?c 0F |'nﬂommafory responses
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IMMuNOSTIMULATION

® Immunostimulaion refers 0 the enhanement 0¥ acivalion of +he
Immune response o impmve the body's defense  mechanisms.

* T} 5 mafnh, requied in  conditions where the immune system s
Weak or SUPPFESEd

MeaanisM

® Tmmunostimulants ads 0s increasing. the adiviy € proliferation of
immune cells such og macmphag,es, lymphoafhs £ naturgl killer
ells-

1591; enhance Cytokine Pmduchbn <€ improve anﬁ‘geﬂ Presenfa'hbn &€
Immune agnah'n?r-

IMMunosomuLanion  DRUGS

Tnterferons: Enhane  antiviral acﬁvﬂy € acivate immune (cells.

Interleukins : Stimulate gouwth, difftentiaton € adtivation of immune
cells-

Vaccination: Vacines stimulate antibody € memory cell
foymerion .
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Uses

®  Tmmunostimulants are used in immunodeﬁ‘cpéncy conditions to

S‘hensrfhen immune  fesponse-
8 -"’E’x/'re used in cancer therapy to enhance the immune System’s
ability 1o destoy tumer cells.

o Prevertion of infoctious diseases %mu%h vaaines.
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A Vacine s a bl'alogji:al preparation  that provides  active immuntty
ogainst a sPecIﬁ’c disease bl/ stimulating. the immune ~ system.
I contains anh'gpns desived Rom pathogens in 0 safe Fwm,
which dont cwuse disease but fn‘ggea* an immune  esponse:

MEcHANISM

The an’riﬂen Is remanized b‘/ immune cells € adivales B-Cells
€ T- cels.
Antibodies € memory cells are fwmed, which mede Iongufeum

meedron On  fe-exposure -

Types O VAceINES

SJOISIOIOIS)

« @

Live Attenuated Vacines
Killed / Tnactivated Vacine
Toxord  Vaccine

Subunit  Vacine
Recombinant Vactine
mRNA Vacine

Live Amenverep VACINES

These comfoin  weakened  live orguniéms € produce Shunﬂ, long-fm-n
|'mmum-h,.

Tﬁey mimic natural infection bt are not suitable By Tmmunoom-
promised  indivisuals-

examPle: Measles, BC(G Vucane.
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@ _InAcvATED / kiuep VAGINES

® These vaaines confain killed pathogens € are safey  but
genemm/ produce ¢ weakes immune  (esponse:

o T'ney usually - required booster  doses-
exam’)le-' Polio, Rabies.

@) Susunrt Vacke

e These vaccine contain speciﬁc antigenic parts oF the Pafhog?n such ok
Prufeins-

° 'lhevfre safe but may need odjuvants.
examPle: Hepatitis B

@ Toxoo Vawines
o These (ontains inadivated toxins £ protect agm‘nd toxin~ mediated
diseases .
« examplez Tetanus, DiP+hema-

6) mRNA_VAcNES

o These confuin mRNA that udes for anigen production inside
host cells.

& Tﬁey induce  Shong  fmmune  @sponse € are rapidly deue!oped-
examPlez (oviD -19 Vacanes.
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® RecomBINANT VACONES

®  Recombinant Vacines are Produaa'i usu‘ng 8eneﬁ'c engr’neeﬁng_
fechn?q_ues in  which genes cc-dmg fir specific antigens afe
iserted it host cells to produce the anhgen-

® These Vacines @nfnins only the requied anﬁaem& profein £
not the whole Pm‘hoaen-

» examPIe: Hepaiﬂfs B \acines
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Enmsfzm. MemHoD Of VAWINE PREPARATION

Gienemdion of anfigen /mRNA/ DNA
viral -vector

| Tsolation of anhgen/mRNn/ DNA |
viral - vector

Pusificatron of antigen /mRNA/ DNA
viral - vector

Foomulation of Vaine

Fi"ina g Packagm? & Iabel‘l'ng‘

'Jﬁs’bedl’on £ cl'ualﬁy 1'&511‘0%

| Vacine fosmed
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@ _PrerarAmoN OF BACTERIAL \JACINES
® Bacenal Vacines we PreParad either from whole m{cmoraam'sms, oy

Bacterial toxins-
e '"19\,'12 mainly of 2 Types:
- Lve Aftenuated Vacines
- Tradivated (killed) Vacioes

Srers Or  PREPARATION

@ SewEcmon € CULTIVATION

® Sutuble badenal stmins are selected:

° -ThE'L/|fe ta_mwn on cutture media fr {-2 days-

o The culture s then washed with sterile nosmal saline-

® Preparamon OF SuspensioN
o TThe bactena are made imfo a Suspension.
o Tt is shaken propedy to get unifym  dishibuhon -

© Remova, OF Unwantep MATERIAL

o Soid pordicles £ impuites are rem oved by either
= Cenfn'{ﬁeahbn or
= Scdimentation

VIDEOS : @) IMPERFECT PHARMACY



@ SterivzaATion / INACIVATION

® The suspension 15 sterilized uSJ‘ng, heat, alcohol oy other
badenidal crgenfs

® for Non- spw‘n% bactesia  stezilization is done by heah‘nﬂ, at
S6-60"C fr about 1 bhour

® Heat treatment should kill microorganisms:, but must retain anfigemc

Pmpea'lfes { iumﬂnnf Por immunity) -

@ STNDARDZATION € DIWNON
o ARer sterlization-
- Baderial concenttion 15 megsured
- Reqi:u'red dilutions are PnePared
- A preservative ( bactetiostotic agenf) is  added

® Funa £ Packacng

e After fhal prePamhbn, Voaine is filled info:
— Slenle ntoiners

= Scaled under asePh‘c conditions
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(@ Preparamon OF ViRAL VACCINES

e \iral vacines are Pnzpamd by ug'ng, whole viruses 0¥  their
components in a fom that is safe but still capable oF
inducing, an immune fesponse: -

® The aim Is o refain anﬁgenfci{y while redudn% o ellmmahn%
Pai'bu%em‘cﬂy-

Sters Qe PREPARATION

@ Seeamon OF Virvs
® The first step fs :Henm’—‘lfinﬂ, the vius € the sPeaFc anhgen
(usualhf a surfuce Prd?in) that can fnggezr a profecive immune

I‘esPOnge- |
e This ensures the vawine fnrafls the comect Parf ofF +he Virus.

@ (vmvenon OF Viris
o The vius 15 grown in @ suitable  hast system to  obtain
Iarg_e q_uan{fhbs suth os:
e — Embryonated chicken €995 (used @w influenza Vactines)
- (ell (uHures
- Animal Hissues
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© _Amenvaton  OR INAcTvATION

° DePendfna on vacine ype, Hhe vius is  modified:

- Live altenuated Vacane: The vius Is weakened so # cant wuse

disease. but still ~ duce immunity.

- Tnadivated Vacones: The vims s killed ugfng chemicals like
ﬁmmaldehyde o¥ by heat-

— Recombinamt Vaccine: OnIL, spem'ﬁ‘c viral - profeins - are used Instead oF
the whole virus-

@ PurincmoN
® The viral matenuls are sePum’red fiom host cells € Impurities usrng_
Rhration, cenﬁfﬁxgahhn € chmmahgmphys

® This s-iep ensures saPeh/ e q_uahh/.

© _ForMuLAToN

o The purfied product s mixed with stobilizes, Preservatives €
adyuvants (Fo enhance  immune response)

o This step ensures the vaaine remains effective dum‘n% sfnmge
£ franspo#-
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QuaLny  (ontrRoL € TESTING

Vaccines undergo strict evaluation b ossesment of safety , poteney
€ S“Im'h'h/ via clini] € non -clinical  tials -

Proourmon_#€_DisTRIBUTON

Afrer approval , vaaines are manufactured on o Ia:?e gale under
stnet regulafvry standards € drshibuted  with proper ld- chain
maintenance-
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(® Preparanon Of Toxoio
® A toxoid is a chemially modified toxin obtuined  from a
Pa-}hosenrt micko -Drganfsms.
e T is non-toxic , But still anhgem‘c, hence T can be used safely as

a vacine:
® examples: Tetanus toroid, Dipthena toxoid -

_MetHop OF PREPARATION

@ _FormaL_Toxop

® A suitable todn- PmdudncJ_ bacterial strain is  seleded- ‘

® Jis cafowfh in @ lgud cture medium undes optirum condihons-
The bacterial cells are removed usr‘ng_ Rltration.

The FHrote containing. toxin is obfained €  sterilized-
Emaldehyde ( fwmalin) s added fo the doxin solution.

This mixture is incubated at »31°C for severnl weeks:

This converls #oin — foxoid ( non -toue but antigenic)-

® Auwm_ Preapmamn_Toxao (APT)

The fowid sol” s first purified Ceﬂ' Charoal removal by Fittration).
Alum (aluminium salls) 15 added in suitable concentration-

Alum reads with impuities € foms a  predpitote.

The toxord 8913 absorbed on this precipitate-

The precipiiate s washed € Suspended in badeﬁdde—(:onhthmg_
saline.

® The produt Is Oblained in the fwm of depot:
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© Rriped Toxoo AwrmiuM _Phospuare (PTAP)

®* Bis hl?,hh, pure toxoid  prepared using, sei - synthetic - medium
(flee flom unwanted proteins).

® Toxod is further Pun‘ﬁed usi:ﬁ agent: like Masnesium hydroxide
€ then finher combined with Aluminium phosphate %el-

o Tt Pmduces Pmlong,ed jmmune  response £ depvf effect like
APT-

VIDEOS : @) IMPERFECT PHARMACY



@ PreparATION OF ANTITOXIN

® Antioxins ore  ankbodies Produced against bactesial toxins-
o Theyre used for pasive immunity (immediate protection)-
o They're usually  prepared  flom  animals like bhorses.

° BfamPl&ﬂ‘: Tetanue  antitoxin, DiP-Fhen‘a antitoxin -

Memoo Or PreparATION

@ SetecnoN OF AnimaL
® Lurge animals (commonly horses) are selected  because -

- The produce Iarge amount of antibodies.
— The can tolerale toxin doses

® IMmunezanoN O ANIMAL
Animal is injected with small doses of +oxin oy toxoid-

Dose is Smeruihf increased over time to stimulate the production-
Ps animals immune System responds, ft produces hf‘gh level of

sPen‘ch antibodies-

© Couecnon OF Buwop
® Afer sufficient antibody fowmation :
- Blood 1s colleded flom the animal under stesile  conditions.
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@ Separamion € PuRiRCATION
® Blood Is Pm(essed 1o sepam’re the serum , which contnins the

antitoxin  Cantibodlies)
® Seum |s Punﬁ'ed,fv femove :
- Unwanted Proteins
= Impuities:

©® _STANDARDIZATION

e The cntioxin s tested £ GQJuLfed fo propex FOfﬂ'rcy
o This ensures comect therapeurtic close-

® Fuwng € SwrAGE
 Final product s flled imo steile vials € stored under proper

conditions-
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® _Preparamon OF Sgrum
®  Serum (s the clear RAuid obtained after blood doHing,a? cniains

antibocies  but no clofh'ng, fclors:
B is mainly ued fo passive immunity € Hherpeutic purposes.

Memop OF PREPARATION

A heah‘hL/ donor ( human o animal like hose), (s seleded £
immunized with g spedfic antigen o “foxin.

Booster doses are given 1o increace antibody - production in the
dongxs  blood-

Blood is collected under steile condifions cfter sufficent ontibody
foymetion.

The colleded blood is allowed +to clot , € seum is sepamfed by
ceniﬁﬁ«e:ﬁbn oy decantahion-

The saum is purfied € tested fy saFeh’. stesility € potency-
Finally, preserved € shoend under propes - conditions Ry use-
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Storace £ StABILTY OfF VAKINES
® \Vacines are b:‘oloarca! products  that are h‘ﬂ”? sensitive 1o

envionmental  conditions-

° Mah‘fafnfnﬂ_ their stability ( abilfhf of a vaaine 1o retain s potency
dum'n(a, S‘thgf) 15 crtieal fo ensun‘nﬁ they remain safe € effective
for the re(iP{erff'-

5ToRAGE  (ONDITIONS

@ Cold Chain Maintenance

® \acines must be stored £ mmPoufed at 2°c -8 continuosly:

e (o0ld chain ensures vacines femain potent Foom manufacture o
udministration-

® Tempeuture Reuirements

® For most vacines: 2°C 1o 8°c

e Orad Polio Vacine (OPv): -Is°c 1o -28°C (for lorg-fem sfumge)
® DFT, Hepatitis B, Tetanus foxoid: must not be Rozen

® _Stomge Equipment
¢ Te-lined refigerators Wy
L DeeF feezers

e (old boxes £ vacine camers

® Protection fom light
o \Vocines like BCGr € measles are l:gj'ﬂ' sensitive -
& Theg should be stored in dark conditions ow ongt‘nal Padmgfn?-
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O] Funspoﬁnh‘on
® \acinec should be anaomd usin% cold boxes ox vaume camens-
® Requw’red +PmPemdure must be maintained dun‘ng_ Jrrcmspmr‘r-

Smeiny OF VAZINES

@ Fachrs F\Fﬁechnq Stability

®  Heat: decrmmc pofency

® Fmeang damuaes adsosbed  vaccines
° h‘%hf ' inadivates live vacdnes

@ Lyophillized Vacines -

* 'lhe:;E vacines gre more stable-

¢ TThey requiie reconstitution before use-

o Must be used within 4-6 hours afley renstitution:

@) P’lonﬁrm'n% of Sfabl'll'h’l
® \oaine Vial Monttoy (WM) indicles heat exposie:
° Re%u!a‘er {vemFerthle mon'rh:n‘n? Is esenhal-
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Hysripoma TecunovLoey

® Hybridoma 'léchnolaﬂxf was At discovered by G- kobler &£
C- mikten in 197S.

® Hybndoma Technoxogq is a method used +to produe monodenal
antibodies (MmAbs) by ﬁrsing antibody prudua‘ng_ B —lymphouflzs
Wit immortal myeoma cels fo Rem hybrid cells (hybridomas).

® B isa mehd 4 produce large number of 1dential Antibodies.

PrincPLE
® TThe technique is based on combining. 10 Propevh‘as:
= B lymphoaytes: Produce speafic antibodies but have limited
lr‘l?espan-
= Myeloma @is: Tmmortal = but donot produce antibodies
o Fusion resubis in hybnuoma cell that  retuin ahﬁbtldl/ speriﬁ’cm,
£ aal‘n l’mmoti‘fall'l'v-

STeps IN HygriDOMA TECHNOLOGY

@ IMrunizAToN

e A mouse Is injected  with the m:Hd— anh‘ﬂen-

° ]ﬁJedwns are repeufed muHiPle times at muh‘fple sites.

o This stimulates the immune system o produce sPecfﬁc B - @ls.
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@ Tooloton of B - Lymphocyies

® The mouse 1s sacificed

¢ SP'HE'D Is  removed

® B-wls ae (solated (rich soure of arrhbody- Pfodudn? celks).

@) Heparr.dlon Of Muelomu (ells

s quloma (mn(emrs Plcma cells) are cultured-

o These cells:

- Are HGPRT (quoxatﬂbrhe— Guanine Phas}abombosylhuns&rase) deffaent
. Thelf @n't suvive in HAT medium-

@ (en_fision

¢ B-cels € Myeloma ¢ells are fused usfng PEG ( Palqeﬂmylene glyf(gD_
® The mixture ntains:

= Free myeloma  cells

= Fee lymphocytes

= Hybridoma (ells

- Fused lymphmy'lfs

~— Fused mylema cells

G) Selection OF Hybridomas _
® For jsolation of H?bﬁdoma ells we use HAT Medium
o HAT = Hypoxanthine + Aminopterin + Thymicine
o In HAT, Aminopterin blacks de novo DNA synthesis , now for
multipliczhon  @lls must use saluqﬂe pathway.
o Now due 1o this:
= Myeloma ceis: die (HaPRT absent)
- B @lis: die (shot hﬁxpan)

- H?bn‘r.ioma: sumve (have HGPRT Fom B eell + immortality Rom

mylemo)
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©) Scmpr_nn_ea_

L] Hl/bﬂdomm are tected Fow  desired ortibody Pmdur_ﬁm ethode, usmrj_
= EUSA

= RIn

® Only seleted clones ,xudunn% specthi Lurhbody e retuined -

@ (lonnn(‘

®  Selerted hybndomas are ¢ loned ugng_
= Limited chlution method
- SR Agar Method

@ Moss  Boduchion
& Hc/bndomas are whured using. bioreactors for !afge quantities of
monoclonal  arttbodies pmdur:h‘m-

\ HYBRIDOMA TECHNOLOGY

Isolated B-cells

ety o

'I’ . -;-;{ Sy

".5\4%‘" b £
ety —» {§ /

r_ ol
Jhece 1.

Fusion

Hybridoma cells

lHﬁT selection

56860068

Monoclonal Expansion of Screening hybridema
Antibodies desirable hybridoma for antibody of interest
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PuriFicamon  OF  MonocLonAL _ ANTIBODIES

® Afer mass Pmdudfon, monodonal antibodies (mAbs) are oblained
In a aude mxture (onfninin%:

= (ell debns
= (ulure mediom Pr0+eins

- Serum Pmror‘ns
— PNA, h'Pl'ds & othes confaminents

® Rmification Is required o obstain :
- Hl'?h Puarn,
- Higb sPeaFcﬂy

- Safe £ stable aniﬂaod!, P:epqrah’ons

_Steps OF PuriFicAnON

@) _CLarincaTion
e The aMure mn{ul‘ning, Antibodies € other imruaih‘es is At @llected €

pma%ed-
® The cells € debris ar removed by (enhiﬁ:ﬂahbn ov Fltredion-

@ Preaprenon

¢ Antibodies are Prmpﬂn’md "5'"8' Ammonium Sulfate
e Ths step increnses anhbody contenfration € removes Some  fmpusthes-
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@ Amniy (HROMATOGRAPHY

® This 1s the most impostant Punﬁ‘cah’on step

® Anfibodies bind speciﬁtall(/ o the @lumn.

° ]}nFum'h'es are washed away fict € pure antibodies are then
Collected-

€@ lon EXCHANGE (HROMATOGRAPHY

o Inths sepamﬁm ocuss  basetl on charge chfferences -
o Removes nemainin9 unwantel profeins.

© Sre Exavsion (HROMATOGRAPHY
o TIn this ser'ahbn occurs based on moleculor size

o This siq:s femoves agﬂregab € small impum'hies-

6) Dipwsis / BurFer ExqupnGE
e This sh?P removes salts € Other chemials-
e Maintins propes PH & sfabﬂﬂq

(1) SEruzanon
o B is the fhal Fftration usinﬂ_ 0-22 ym FHer-
o Tt ensures the qnhbody preparation fs steile-
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(HArACcTERISTICS OF MopocloNAL _ANTIBODIES

® ﬂﬂ;'re h!ghh} specific € bind Ho a smgle eptiope of an anfiﬂen-

° 71’&/'@ identital antibsdies  produed  from « sinaje clone of B-
'quhocyfes.

° M'VE unttsm structure € consistent adiu‘dy»

o They can be pmduced in large quantrhies usmg, bybndoma
*echnologu,.

AppLicaToN OF HyerioMA TECHNOLOGY

1) DipeNosnc Appuicamons
® Monoclonal Antibodies are used in ELISA, RIA & mpid diagnastic
tesks R delection of diseases bke:
e\
- Hepahﬁ‘s
- (OVID 19
= PreSnancy fest

%) THernPEUTC APPLICATIONS
* They're widely used as Targeied drug deh‘um/ System in the
treatment of :

- (oner

- Autvimmune diseases
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(3 \VAwNE DeveLopMenT

¢ Thel/ heJFs in IdEUHR/fng,_ SPecfﬁ'c ahffl'Sens (EPFfDPPS)
o lked i desr%ning beler vaanes

) SuPPmds development of subunit vacines:

@ Popacamon OF MoiEcuLes
o 'ﬂleq’ne used in affinty dwmmafngmpbq h P“’W’
- Proteins

— Hoymones

' Emfmes
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I Buooo Propucts l

® Blood prduds o thempetic componerts obtuined Fom  whole
blood by sepamﬁon £ Processln?_

o Theyre used tfo comect specific deficiencies in blood  omponents
such as RBG, pfaie'ds, plasma th»m, 0¥ dofh’n? fache-

Types OF Buogp ProoucTs

() Whoe Buooo

® Whole blood cortains all components - RBCs, WBLs, Platelets £ Plasma:
o 1is mainlq uced n Aate bemorr‘mgg or Massive blood logs-
e F is rarely used now due o availability of sPedﬁ‘c comPonerﬂs‘

@ Pacep Rep Buwoop Ceus (PRBE)

o They're concentruted ~ erythrocyles - with most plasma removed-

® Tbeg're mainly used in Anemia € acute blood loss

@ Tbev increases m(qﬂen -Cam/ing mpodh, without the nsk of
Ciroulortory overload-

() Feest_Frozen Prastin (FFP)

e Tt s Pasma separated € fozen within hours fo  preserve
clo!h‘ng fudors-

® H contains all cougulah‘on fuctors € plasma proteins:
e B is mainly used in coaﬂulah'on disorders , Liver disease-

VIDEOS : @) IMPERFECT PHARMACY




@ Prasma Deguuamves
» 'n)ev;m obtained by fractionation of  plasma usm% industrial

processes-
¢ T+ incudes:

@ Amumin: Maintains colloical osmohic pressufe; used in bums,

shock -
® Immunog!obulms: Provide Passive immunrty in infections € immunodefr -
r:l'ena{.
© C IoHv‘n(a, fackor oncentrates: Used in hemnph#fa £ ofher bleedfng_

disorders
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I Piasma_Suestrres |

Plasma Substitdes are sbi" +hat we wed +o restore rlrr.ulahngr
blood volume wn cases of bypovﬂlﬂma-

® They do not confain  blood clls € are rrmPable of ouygen
’rmnbpoa‘f-

CHaracterisTies  OF loeat  Piasma_Sussmutes
o Thelf should be non-toxic, non - antigeni € fee fiom pafhogens-
8 'lhey must maintain  collordal osmotic pressure 2 eﬁ%cﬁvelq expand
Plasma volume-
Tﬁeq should have an adequate dunahon of action without
RJPId elimination-
Tbel{ must be stable < easf}y available
Should net interfere wih  blood gmuPing, 0¥ coa?ulcrh'an‘

Tvpes OF PLASMAR SussTiTuTES

(1) NameeL Rasmp  EXPANDERS

® Human albumin fs cnsideed @ natural  plasma - expander
Obtained from blood Plamna-

e 1 helps in mm‘rﬂaim’n% colloidal - osmotic - pressure € Huid
balance-
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@) Synmienc Pusta  ExpAnDERS

o Dextan: B s Pohfsacchan‘de that inceases  blood volume by
rehim‘na wates in the dryledion € commonly used In
shodk manasemenf*-

o Hydroxyethy Stach (HES)* B is a synthatic polymes that
exPands Plasma volume for a lu'ﬁea'
duration &€ widely uvsed in Aud  resus-
citation.-

® Gielaln Solutions: Such as Haemacel adt as Shout - tesm Plasm
expanders, Thet,'.@ used in ases OF mild o
moderate  blood loss.

& Cnfshllmds: Such as nowmal saline £ R:'n&e-r lactate  help in

flud reploement but have a shester duration of
action.
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