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Scheme of presentation

1. Introduction

• Pharmacokinetics & ADME processes

• Important terminologies

2. Pharmacokinetic parameters that can be 
estimated

K, Bioavailability, Salt factor

Vp Distribution eqm., Distr. Rate

° Absorption4

• Distribution
constt.

• Elimination4
Kel

t1t2 Clearance,0,1st,m. order kinetics,



Processes of drug therapy

1. Pharmaceutical process

“Is the drug getting into the patient ?”

2. Pharmacokinetic process

“Is the drug getting to its site of action ?”

3. Pharmacodynamic process

“Is the drug producing the required pharmacol. Effect ?”

4. Therapeutic process

“Is the pharmacol. Eff. Being translated into a ther. Eff. ?”



Pharmacok.& Clin. Pharmacok.

Pharmacokinetics4 ”The study of kinetics of absorption, 

distribution, metabolism & excretion (ADME) of drugs & 

their corresponding pharmacologic, therapeutic, or toxic 

responses in man and animals”

Clinical pharmacokinetics —3' Application of 

pharmacokinetic principles to safe & effective 

therapeutic management of drugs in a patient

1 - American PharmaceuticalAssociation



ADME processes

1. Absorption -3' Drug proceeds from site of admin. to 

site of measurement (usu. bl., plasma/serum)

2. DistributionU Reversible transfer of drug to & from

the site of measurement (usu. bl. or plasma)

3. Metabolism Conversion of one chemical species to

another chemical species

4. Elimination -3' Irreversible loss of drug from site of 

measurement (blood, serum, plasma)

• Occurs by either metabolism / excretion, or both



Biopharmaceutics

“The study of factors influencing bioavailability of a

drug in man & animals & the use of this information

to optimize pharmacological & therapeutic activities"
1

1 - American Pharmaceutical Association



Pharmaceutical/Chem. equivalence

• 2 / more dosage forms of the same drug contain

same labeled quantities of drug as specified in 

pharmacopoeia

• Dosage forms meet req. estd. By USP / NF such as —

1. Purity

2. Content uniformity

3. Disintegration time

• Eg.U Dilantin & Eptoin may be chem. equiv. if they 

contain same qty. of Phenytoin on chemical assay



Bioequivalence
• 2 / more chemically / pharmaceutically equivalent products 

produce comparable bioavailability char. ("big three" 

parameters) in any individual when administered in 

equivalent dosage regimen

• Parameters compared are:-

1. AUC

2. Max. plasma conc. (C „)

3. Time of peak plasma conc. (t „)

Eg. -3' Dilantin & Eptoin may be bioequiv. if their plasma level

profiles are comparable & super imposable within prescribed

limits



Therapeutic equivalence

• 2 / more chemically or pharmaceutically equivalent 

products produce the same efficacy & / or toxicity in 

the same individuals when administered in an identical 

dosage regimen

• Eg. Trifluperazine (Phenothiazine grp.) may be ther. 

Equiv. to Haloperidol (Butyrophenone grp.) if both 

provide equiv. ther. Results in the t/t of Schizophrenia



Clinical equivalence

• 2 brand products of the same drug produce

“identical in vivo pharmacological response”

(Control of symptoms / disease)

• Eg. Dilantin & Eptoin may be clinically equiv. if

both prOduce same pharmacological response



Parameters that will be estimated
1. Absorption

• Bioavailability {Cm„, tm„, ALIC)
• Absorption rate constant (Ka)

• Salt factor

2. Distribution
• Volume of distribution

• Distribution equilibrium
• Distribution rate constant

3. Elimination
• Clearance

• Half-life
• 1st order, 0 order and mixed order kinetics

• Elimination rate constant (@,), Ku, Kg



Bioavailability
“The relative amount of an administered dose that 

reaches the general circulation & the rate at which this 

occurs“ 1

“The rate & extent to which the active ingredient or 

therapeutic moiety is absorbed from a product & 

becomes available at the site of drug action” 2

“Fraction of the dose of drug (F) that is absorbed & 

escapes any first pass elimination” ^



Bioavailability = Q y
t of drug reaching sys. circ.

Qty. o f drug Admin.

Indicators of rate of absorption4 Cma.,’ma.

Indicator of extent of absorption -' AUC (mg-hr/ml)

Inc. rate of abs.U Higher peak at a shorter time

C „ Peak plasma conc.

Tea, Time taken to reach peak plasma conc.

AUC -3 Total systemic exposure of body to the drug



Plot of plasma conc. v/s time



Types of bioavailability

1. Absolute -' Comparing values of AUC &/or X, loll.

Admin. of drug in an extravasc. Dosage form & an

equal dose of the same drug i.v. (i.v. bolus)

2. Comparative (Relative) -' Comparing bioavail.

parameters derived from

a) PI. drug conc. v/s time plot data &/or

b) Urinary excretion data foll. Admin. of drug 

in 2 diff. dosage forms (Tablet & Syrup,

Capsule & suspension) &/or

c) 2 diff. extravasc. routes of adm. (Oral & i.m.)
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Absolutebioavailability

1. From AUC

• F ——
tAUC )exti avascular Dose,

2. From urinary data

• F
ex t ravascuio3
t—7t /p

DaS€ extr ovascu far

NOTE :-

1. F Fraction of drug absorbed

2. F is always fi 1

3 . X = * Cumulative mass of drug exc. in urine



Relative bioavailability

1. From AUC

Dos eso Ini tort

Dose z bI ‹(ACf6 )soiut ion

Frel (y )

rel

2. From urinary data
tab let

( It ) L-7 /z

1/2

t=7t /

Dose,

Frel 1 1

Dos lsoiunion OR
Doseqz olet

OR



Examples

1. Valium (Diazepam) Tablet (oral) & injection

2. Tagamet (Cimetidine) -2 Tablet & syrup

3. Cephalexin -3 Capsule (generic product) 

marketed by 2 diff. manufacturers



Factors affecting bioavailability

1. Pharmaceutical factors

i) Particle size

ii) Salt form

iii) Crystal form

iv) Water of hydration

v) Nature of excipients & adjuvants

vi) Degree of ionisatiOn



o‹ai adrninlsEraFion of drug

(Dosaqe Form: Tab/Cap/Powdery 

Sotgtion/Euspension \

cy t t Disintegration

\o fine particles

i_ Powders a rdg I Oissolutlon
S Us pc rt SIOnS q

Drug in SolutiOO

S n.ut Rons

Avai Table f • t abSOrgtio• through GIT



2. Pharmacological factors

i) Gastric emptying & GIT motility

ii) Gastrointestinal disease

iii) Food & other substances

iv) First pass effect

v) Drug-drug interactions

vi) Pharmacogenetic factors

vii) Miscellaneous factors

a) Route of administration

b) Area of absorbing surface

c) State of circulation at abs. site



Bioavailability

GI tract

Figure I-IN. Bioavailablìlty and Flret-Paee Metabollsm



First pass metabolism



Drugs administered IV 
enter directly into the 
system ie circulation and 
have direct access to the 
rest of the body.

„.„ ,m.

’ ‘

Drugs administered oralIy
are first exposed to the
liver and may be extensive(y 
metabol ized before
reaching the rest of body.



8- ßł•de ef application and Nme concse efdrugconcenDation

1ntravenous

Subcutaneous



C de,t ke^ Area under curve (AUC)



Common AUC estimates

1. AUC (exact AUC)

2. AUCp., or AUC „st -3' AUC calc. from time 0 to
time of last observed conc.

3. AUC, 4 AUC calc. from time 0 to the last 
sampling point

4. AUCy „(estimated) -3' AUC0.t + AUCt.
C1nsr

Kel

• Coas4t Last observed conc.

• Key-' Elim. rate con



Methods to measure AUC

1. Planimeter W An instrument for mechanically 

measuring the area of plane figures

2. ”Cut and weigh” method

3. Trapezoidal rule

• Linear method

• Logarithmic method

4. Integration method

5. Tai's formula



Linear planimeter



Polar planimeter



Digital Planimeter



Linear plani. Polar plani.



Principle of linear planimeter



Cut & weigh method

Curve is plotted on a rectilinear graph paper

Area is cut out

Weighed on an analytical balance



Trapezoidal rule



Linear or Logartihmic ?

Linear method (most common method) used if —

1. Conc. Are increasing over time (abs. phase)

2. Conc. Are decreasing in polyexponential fashion

3. Any generic drug application

Logaritnmic method used if —

1. Conc. Are decreasing in monoexponential fashion

2. At the end of curve when AI is large







Logarithmicmethod



Integration method

• / Cydt ——(AUC)0

Cp -2 Plasma conc. At time t

• X0 Administered dose

• V Apparent volume of distrib.

• K -2 1s*order elimination rate constant

• CLV Systemic clearance



Tai's formula



Interpolation & Extrapolation

• Interpolation W Estimating values b/w 2 known 

data points

• Extrapolation -3' Estimating values outside the 

known data

• 2 methods of interpolation

1. Linear interpolation

2. Log-linear interpolation



Interpolation equations

• Linear
AfJI , . t; =‘ (rø ti )(f•i + Cø)



Absorption rate constant ( a)

• Fractional rate of drug absorption from the site of

administration into the systemic circulation

• Rate of abs. Mass of drug avail. For abs. X Ka

• Clinical imp. -' Kadetermines time reqd. for admin. 

drug to reach an effective plasma concentration

U Influences both C, „ & t „



Salt factor (S)

• Drug is admin. as a salt

• Proportion of the parent drug contained in the salt 

(weight/weight basis)

• Dose of salt - Dose of drug reqd. (D) / Salt factor (S)

• AminophyllineU Theophylline + ethylenediamine

• D=400 mg; S=0.8

• Aminophylline reqd.U 500 mg



Apparent volume of distribution (V)

U NOT a physiological volume

-' Gives info. On HOW the drug is distrib. In the body 

E A proportionality constant to relate

-3' Plasma conc. (Cl)

4 X (Mass of drug in the body at a time)

E Desc. extent to which drug is distr. in body tissues

U Essential to determine the dose of a drug reqd. to 

attain the desired initial plasma conc.



• It also reflects

• If drug is lipophilic / hydrophilic ?

• Chemical str. Of a drug

• VU Gtr. Is the extent to which drug is distr. In 

body tissues & lesser the initial plasma conc.

• V is constant for a given drug

• V is independent of

• Administered dose

• Ra ute of d ru g admi nistratiDn

P - “ OR
Conc.o f ärit g in pInsma tug/L

Dose administered i. r.

Plasma conc.



Why “Apparent” V ?

• Signifies that the volume determined has the 

appearance of being true but is actually not

• It is not a TRUE volume but it does have the 

appearance of being the actual volume into which a 

given amt. of drug would be diluted in order to 

produce the observed conc.



Factors affecting distribution

1. Lipid solubility

2. Ionization at physiological pH

3. Plasma protein binding

4. Presence of tissue specific transporters

5. Differences in regional blood flow



Plasma protein binding



Distribution equilibrium

• Rate of transfer of drug from blood to various 

organs & tissues = Rate of transfer of drug from 

various tissues & organs back into the blood

• Rapid distrib. -2 Rate of transfer of drug from blood 

to all organs & tissues & vice-versa have become 

equal instantaneously following administration 

(intra/extra vascular) of the dose of a drug



Distribution rate constant (kT)

• Measure of how rapidly drug would leave tissue if

the arterial concentration were to drop to zero

• Fractional rate of drug distribution from an organ to

blood



Redistribution



• Seen in highly lipid soluble drugs

Thiopentone given i.v.

Enters brain in 1 circul. time (1 min. after i.v. inj.) 

General anaesthesia

Rapidly diffuses out of brain through blood circulation 

Redistributed in muscle, lean tissues & fat

Action gets terminated



Clearance (CL)

“The hypothetical volume of blood (plasma/serum)

OF Other biolog. fluids from which the drug is tOtdIIy 

& irreversibly removed per unit time”

Ls' L n + CLV

CL = K X V



• Larger the clearance -3' More efficient Is the eliminating 

organ (Kidney & liver)

• Limiting factor

1. Vol. of bl. presented to the E'liminating organ/unit time

Z. Extraction ratio of the organ

• KidneyU 19 ml/min./kg

• Liver -' 1.5 L/min.

• Rate of elimination = Syst. CI. X Plasma conc.

• (" ) ** (Cp) t where

• XU Mass of drug in body at time t



Clearance Area Under lhe Curve



Types of clearance
1. Systemic (CL,) / TBC4 Sum of all indiv. Organ CL

2, Renal (CL,) -3' Drug removed by renal excretion

3. Metabolic (CLV)4 Drug removed from blood by metabolism, from

whatever metabolic organ

4. Hepatic (CLV) -3' Drug removed by hep. Metabol.

5. Intrinsic (CL„,)4 Organ clearance a drug would have if it was not

restricted by organ BI. Flow rate

6. Intrinsic free/Unbound (CL‘„,)4 Intrinsic cl. A drug would have in the

absence of plasma protein binds ng

CL'„, - (CL„,) / f„

fun Fraction of drug unbound in plasma



Organ clearance
Q W Blood flow through an eliminating organ (ml/min)

Cy -3' Drug conc. in venous blood leaving organ (kg/ml) 

CA4 Drug conc. in arterial Blood entering organ (kg/ml)

Rate at which drug enters organ4

Rate at which drug leaves organ4

C X Q (kg/min)

CV X Q (kg/min)

Rate of elimination = Blood flow rate X conc. Difference

Q (CA— C )

c Q'CA —Cg)

CA



Extraction ratio (E)

Dimensionless term

-3'Ratio of rate of elimin. To the rate at which drug 

enters an organ

U Quantifies efficiency of organ to eliminate the drug 

EValue of E is b/w 0 & 1

Elf organ elf. Is minimumU CA= CyU E = 0

4If organ elf. Is maximum W C = 0 -' E = 1

o/ eiiminntion Q‹CA —Cy)

Rate in O Co)



Extraction ratio

E = Cin Couî

E = 10 - 4

10

= 6 = 0.6 or 60%

10



Complete extraction

Q = 2 L/min 

E = 1.0

CI = 2 L/min



Partial extraction

Cin

- 2 L/min

E —0.5

CI = 2L/min x 0.5 = 1 L/min



Half life (t1/ )

° Elimination / Biological t1 2 -2 Time duration in 

which the principal pharmacological eff. Of drug 

declines by

• Distribution / Plasma t1t2U Time duration in which 

plasma conc. of the drug falls by 500/oof the earlier 

value (Value at equilibrium due to distribution / 

storage in body's tissue reservoirs)



Determination of elim. T1/2

Cl (C )0e-’t; here Cl = 0.5 (C )0 , t=t,/y

0.5 = e *’

t ' 04693 Kel OR

t} = 0.693 X Vd / CL

NOTE :- t1/4 Constant for a drug

4 Independent of

- Administered dose

Route of drug adm n!stration



Uses of half—life

1. As a guide to the time it takes for a drug to be 

eliminated from the body

2. As a guide to the rate of accumulation of drug in

the body during multiple dosing

3. As a guide to the relationship b/w the loading 

dose & the maintenance dose



Rate processes

• After drug admin. -3' ADME

° Y -2 Function which changes with time t 

It is either :

1. Mass of drug in body (X)

2. Mass of drug in urine (X,), or

3. Conc. Of drug in (Cp) or serum (C,)

• Y -2 Dependent variable

• T W Independent variable



• For a very small time interval :-

• Where

• dY/dt4 Instantaneous rate of change in function Y with

respect to an infinitesimal time interval (dt)

dY

dt
——KY” W Numerical value (n) of the exponent

of the substance (Y) undergoing 

change is the ORDER of the process



Order of a process

1. Zero order

2. 1st order

3. Mixed order

[S] ›



Zero order kinetics or capacity
limited elimination
1. Constant amount of drug is elim. in unit time

2. Rate of elimination remains constant irrespective of drug 

conc.

3. Clearance dec. with inc. in conc.

4. T1/ is variable

5. Most commonly seen in ethanol

6. If log pl. conc. v/s time4 Curvilinear (Plasma conc. Falls 

at a constt. Rate unaff. By plasma levels existing in the 

body)





First order kinetics

1. Constant fraction of drug is elim. Per unit time

2. Rate of drug elim. ‹x Plasma conc.

3. Clearance remains constant

4. T1/2U Constant irrespective of the dose

^*i/z
5. Single dose —› 97% of drug gets eliminated

5 t l/2

6. Fixed dose at every t1t24 Conc. T —› 979a of

steady state level -3•Rate of abs. = Rate of elim.





Michaelis Menten kinetics or Mixed 
order kinetics or Saturation kinetics

• Dose dependent kinetics

Plasma fall out’ curve (Arith. scale)4 Linear (0 order)4 

Curvilinear (1" order)

Plasma ”fall out” curve (Log scale)4 Curvilinear (0 order)4 

(1st order)

Linear

Plasma conc. Curve (Arith. scale)4 

(0 order)

Curvilinear (1st order)4 Linear

Plasma conc. curve (Log scale)4 

order)

Linear (1st order)4 Curvilinear (0



Small dose W 1*t order kineticsE dose W 

plasma conc. Metabolizing enz. Sat.

Zero order kinetics



E

Elimination rate constant (K/Key)

• Overall drug elimination from the body (Ku + K„,)

• Ku Excretion rate constant

•K. -* Metabolic rate constant

° If drug completely metabolizedU Key Km

W Ke = Ku• If drug removed in unchanged

• Calculation of K/Keyby following formula :-

0.693
K ——



Calculation of Ku Kg

• Administered dose of drug X —250 mg

• Amt. of drug X exc. = 125 mg

• Elim. T1t2 of drug X = 4 hrs.

• Amt. of drug X removed as metabolite 1 = 75 mg

• Amt. of drug X removed as metabolite 2 = 50 mg

• K = 0.693/4 = 0.173/hr.



• % excreted = 125/250 X 100 = 50%

o/oremoved as metabolite 1 —75/250 X 100 = 30o/

• % removed as metabolite 2 = 50/250 X 100 = 20%

• K, & K. are given as % exc./m-boIized X K

Ku'05X0l73=00866/hr

• KU = 0.173 X 0.3 = 0.051 / hr.

• Km, = 0.173 X 0.2 = 0.0345 / hr.

K = Ku Km1” K 2



Steadystate

-



Attainment of steady state



Rate of infusion



Repeated drug administration

• Drug repeated at short intervals4 Accumulates in body4

Rate of elim. = Rate of input4 Steady state plasma conc.

(Cpss) is attainRd

Dose rate

CL
m Dose rate ——tar get Cpss X CL

• 15' order kinetics4
t e S C

Dose rate —— “”’ ' ” ‘ ’

• 0 Drder kinetics4 Rate of drtz8 elim.——

• C4 Plasma conc. Of drug ; V „4 Max. rate of drug el.

• Kg -3' Plasma conc. At which elimination rate is X max.



2 dose strategy

• Drugs having high Vpare given

• 1s‘ -' Large dose given to attain steady state quickly 

(Loading dose)

• LaterU To maintain plasma conc., smaller dose is

given (Maintenance dose)

Loading dose ——*d TaY get plasma conc. 

Maintenance dose ——CL X TaY get plasma conc.

Adv4 Rapid therapeutic effect with long term safety



Maintenance dose

• Drugs administered in a series of repetitive doses 

or as a continuous infusion -3' Maintain a steady-

state concentration of drug associated with the 

therapeutic window

• Primary goal -3' Calculation of maintenance dosage

• Rate of drug administration is adjusted4 Rate of 

input = rate of loss



• Dosing Yate ——target Cp X
CL

F

• If the clinician

• Chooses the desired concentration of drug in plasma

• Knows the clearance and bioavailability for that drug in a

particular patient

• Appropriate dose and dosing interval can be calculated



Onsel of

laq period

Pro* effect

Tima

response

Therape\ tic

hńECfo 
oes«ed 
response



• Oral digoxin is to be used as a maintenance dose to 

gradually "digitalize" a 63 year old, 84-kg patient 

with CHF. A steady-state plasma concentration of 

0.7-0.9 ng/mL is selected as an appropriate 

conservative target based on prior knowledge of 

the action of the drug in patients with heart failure 

to maintain levels at or below in the 0.5-1.0 ng/mL 

range (Bauman et al., 2006).



• Based on the fact that the patient's creatinine

clearance (CLCr) is S6 mL/min, digoxin's clearance

4.6 L/hour. Oral bioavailability of digoxin is 700/o(F = 

0.7)

• Dosing rate —Target Cp CL/F = 0.75 ng - mL—1 x 

(0.92/0.7) mL min—1 kg—1 = 0.99 ng min—1 kg—

1 or 83 ng min—1 for an 84-kg patient or 83 ng 

min—1 x 60 min x 24/24 hr = 0.12 mg/24 hr



Loading dose

• Single/few quickly repeated doses 

conc. Rapidly

Attain target

Tor get C y X V
• Lnan in g cIone ——

• Loading dose depends ONLY on V

• NOT on CL or t1t2

• Target Cl Of digoxin = 0.9 ng/ml; Vd = 496 L; F=0.7

• Loading dose = 0.9 X 496 / 0.7 = 638 kg or 0.625 mg



' TABLE3ß Samma offieyPharrnacokinebcRelabonships

Steady-state concentration=

Elimination half-life

Loading dose

Volume of
distribution

Fraction absorbedx 
Maintenance dose

Dosing interval x 
Clearance

0.693 x VDlume
ofdistribution




