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Q Importance of protein binding in the field pharmaceutics

How drug-protein binding/changes in drug-protein biading,offect
volume of distribution, metabolism, clearance, half-life etc

Types of binding

Extent of drug- protein binding

Factors affecting drug-protein binding

How to measure/estimate drug- protein binding

Drug-protein binding as an advantageous approach in drug
delivery

Monitoring of free drug concentrations
Case studies
Summery

Questions




drugs interact with
ormwith other macromolecules, such
as melanin and DNA, to form a drug-

macromolecule complex.




Why drug-protein binding is

important in drug delivery?




Clinical effect
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d Reversible:

i
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Involves weaker chemical bondsgfsuchimas
hydrogen bonds or van der Waals forces.

Thegamino_acids that compose the protein chain
have hydroxyl, carboxyl, or other sites available
for reversible drug interactions.

. T'he protein-bound drug is a large complex that
cannot easily transverse the capillary wall and
therefore has a restricted distribution.

- The drug-protein complex IS usually
pharmacologically Inactive while the free form is
the active form.
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passage ‘permeability’ of molecules through capillary

Diffuslon Coefficlent
Radius of Equivalent In Water Across Capiliary
Molecular Welght Sphere A (0.1 mm) (cmi/s) = 105 [em2fs = 100 g)

Water 18 3.20 3.7

Urea &0 16 185 1.83
Glucose 180 36 091 0.64
Sucrose 342 44 0.74 0.35
Raffinose 594 56 0.56 024

Inulin 5,500 15.2 021 L35
Myoglobin 17,000 19 0.15 0.005

Hemoglobin

Serum albumin




dlrreversible:

1.

usually a result of chemical activation of ghe drug, which
then attaches strongly to the protein or macromolecule by
e¢ovalent chemical bonding.

It might cause certain types of drug toxicity that may occur
over a long time period, as in the case of chemical
carcinogenesis.

It can cause short-term toxicity due to the formation of
reactive intermediates such as hepatotoxicity of high
doses of acetaminophen




What are the
macromolecules involved

in these complexes?




a Albumin

Normal Range of
Concentrations

0 alphal-acid glycoprotein

Protein (g/L) (mol/L)

4 LipOprOTeiﬂS Albumin 35-50 5-75x 104

o, -Acid S 0.4-1.0 0.9-2.2 105

2 Immunoglobulins (IgG) glycoprotein
D Ery_l_hrocy_l_es (BC) Lipoproteins Variable

The sequence of drug-protein binding is:
Aloumin> Glycoprotein > Lipoproteins> Globulins
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Albumin is a protein with a molecular weight of 65,000 to
69,000 Da that is synthesised in the liver.

It comprises about 60% of total plasma protein centent present
in the blood

In the_body, albumin is distributed in the plasma and In the
extracellular flwids of skin, muscle, and varioys fISSUES.

The elimination half:life of albuminis 17 to 18 days.

Normally, albumin concentration is maintained ar a relatively
constant level of 3.5% 10 5.5% w/v.

Albumin Is responsible for maintaining the osmofticipressure of
the DBlood and for the fransport of endogenous and
exogenous substances in the plasma.

Albumin complexes with endogeneous substances such as
free farty acids (FFAs), bilirubin, various hormones (eg,
corfisone, aldosterone, thyroxine, fryptophan), and other
compounds.
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Many weak acidic (anionic) drugs bind to albumin by
electrostatic and hydrophobic bonds.

Weak acidic drugs such as salicylates, phenvibutazone, and
penicillins are highly bound to albumin.

Thesstrengthwei the drug binding is different for each drug.

Thyraxine Drug site 3
Harmin
BHirnabin
Fusidic scid
Lidocaine

Frapofol

Multi-metal Drug site 1
binding Sudlow’'s site 1
5“& Ti‘l:,'n_:u:.;ir:._.:,
bl 1

Fig. Structure of HSA




Also known as orosomucoid (ORM)

It is synthesised and metabolised by the liver
Its half-life is approximately 5.5 day

Its molecular weight of about 44,000 Da

The plasmemeencentration of AAG is low (0.4%—
1%)

Its high sialic acid content results in its acidic
nature and low pKa.

It IS an aqacute phase reactant, and
conceniraftions INncrease in stress situations
including diseases

Al least four polymorphic patterns and four
genelic varants In human plasma have been
reported

Fig.  Structure
orosomucoid

of
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Many basic drugs (cationic) such as propranolol, lidocaine, and
neutral drugs bind significantly 1o AAG

Generally, the affinity of a drug that binds to beth albumin and

AAG is higher for AAG

AAGdsreferrede,as a low-capacity, high-affinity protein

AAG also binds fo ssome acidic and neuJfral drugs such as

carbamazepine and prednisolone

Some basic drugs which bind significantly to ay-acid glycoprotein (AAG)

B-adrenoceptor blockers

Alprenolol (Piafsky & Borga, 1977)
Oxprenolol (Belpaire ef al., 1982)
Pindolol (Belpaire et al., 1982)
Propranolol (Piafsky er al., 1978)
Timolol (Belpaire er al., 1982)

Miscellaneous
Chlorpromazine (Piafsky er al., 1978)

Dipyridamole (Kopitar & Weisenberger, 1971)

Erythromycin (Prandota er al., 1980)
Metoclopramide (Webb ez al., 1986)
Nicardipine (Urien ef al., 1985)
Phencyclidine (Giles et al., 1982)
Prednisolone (Milsap & Jusko, 1983)

Progesterone (Ganguly & Westphal, 1968)

Triazolam (Kobroth er al., 1984)

Antiarehiythmics

Aprindine (Teirlynck ef al., 1982)
Bupivacaine (Denson ef al., 1984)
Disopyramide (Lima er al., 1981)
Lignocaine (Routledge er al., 1980a)
Pirmenol (Hammill er al., 1982)
Quinidine (Nilsen et al., 1978)
Verapamil (McGowan er al., 1983)

Opiates
Methadone (Romach et al., 1981)
Pethidine (Mation, 1981)

Hnddapresmr.r

Amitriptyline (Pike & Skuterud, 1982)
Imipramine (Borga er al., 1977)
Nortriptyline (Pike & Skuterud, 1982)
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2 They are heterogeneous group of proteins_ ingtheferm
of complexes of lipids and proteins (Molecularweight
approx. 200,000 -3,400,000 Da)

hihey are classiied according to their density and

separation In theultracentrifuge int@ chylomicrons,
VLDL, LDL, and HDL

2 Lipoproteins are responsible for the Tfransport of
plasma lipids to the liver and may be responsible for
the binding of drugs if the albumin sites become
safurated.




Examples of drugs binding with different proteins

Tabk 1 Predominant bindme proteins of drogs =7 bound to plasma proteins

Adbamnin Albumin and AAG Albumnin and Tipsopro teins Albamin, AAL, amd lipoproteins
("% Tuummed ) { %% b)) (e enummd ) %% by )
Ceftriaxone {A) Alprenolol (B) Cyclosporme {WNJ* Amitriptyline (B)
Clmdamyein (&) Carbamazepme (M) Probucal {&* Bupvacaine (B
Clofbrate {A) Disopyramide (B Chlompromazine {B)
Dexamethasone (M) Erythromycin (B [hnloazem (B
Dhazepam (B} Lidocame {B) Imipramine (B}
Dnazoxide (A) Meperidine (B) MNortnpiyline (B)
Dheloxaallin (M) Methadone (B) Peramne {(B)
Mmtoxin (M) Verapaml {H) Propmnolol {B)
Etoposide { V) Crunidme (B
huprofen {(A)

Indomethacn (A)

teateillin { &)

Mapromoen {A)

Creacillm (A

Phenylbutazone | Al

Phenytoin (A

Probenead {A)

Salicylic acd {A)

Snlfsoxazole (A)

Teniposide (M)

Thiopental {A)

Tolbutamde (A)

Valproic acd (A)

Warlarin {A)

*Albummn i3 mino s binding prsten
A, indicates aad; B, base; M, neutral.
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0 Globulins may be responsible for the plasma fransport
of certain endogenous substancesgs sUCh  @s
corficosteroids.

0 Theywhavena, low capacity but highl affinity for the
pbinding of these endogenous substances
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Q Erythrocytes, or red blood cells (RBCs), mchabhind
both endogenous and exogenous compounas.

a RBCs consist of about 45% of the yvolume of the
ble®d.

J Phenytoin, pentobarbital, and amobarbital are

known to have an RBC/plasma water tatio of 4 o 2,
Indicating preferential binding of drug 1o the
erythrocytes over plasma water.




DRUG

Naproxen (Naprosyn)
Chlorambucdil (Leukeran)
Etodolac {Lodine)

‘Warfarin sodium {Coumadin)
Fluoxetine { Prozac)
Cefiriaxone {Rocephin)
Cefoperazone (Cefobid)
Cefonicid (Monocid)
Indomethacin (Indocin)
Spironolactone {Aldactone)
Digitoxin {Crystodigin
Cyclosporine {Sandimmune)
Sulfisoxazole (Gantrisin)
Diltiazem (Cardizem)
Penidillin V' (Veetids)

Mitroglycerin (Mitro-Bid)
Penicillin G potassium
Methotrexate

Methicillin {Staphcillin)
Ceftizoxime {Cefizox)
Captopril (Capoten)
Ciprofloxacin {Cipro)
Digoxin (Lanoxin)

Ampicillin {Omnipen)
Amoxicillin (Amoxil)
Metronidazole (Fagy)
Mercapropurine { Purinethol)
Cephradine (Velosef)
Ranitidine {Zantac)
Ceftazidime (Tazicef)
Micotine [Prostep)

Minoxidil {Loniten) =0

Average literature values based on conditions usually associated
with drug therapy.




» APIrelated factors

1. Physiochemical characteristics of the drug
2.  Concentration of drug in the body

3¢ Drug's affinity towards protein/tissue

» Protein related factors

. Number of binding sites on the protein

2 Concentration of protein/binding component

» Drug interactions
» Patient related factors




» Physiologic conditions > Disease stqigs
1. Age 1. Renal disease

Preghency. . Liver
Ethnicity . Inflammatory condifions
Gender . Canger and burn injury

Smoking . Diabetes mellitus

Obesity . Thyroid disease

Nutritional status - Cysfic fibrosis

Surgery
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a Chapter 11: Applied Biopharmacg@tics  dnd
Pharmacokinetics, 7th Edition; 2012

0 Engyclopd@edia of Pharmaceutical Technology: 3@
Edition; 2007; pages 3027-3041




