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Distribution phase

Plasma concentration of diazepam with time 
10 mg IV bolus dose of diazepam in a young male adult
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Drug 
Absorbed Free Drug

in
Plasma

Drug Effect 
at Site of 
Action

Association
Protein Bound 
Drug in Plasma

Dissociation

Protein Binding



Proteins to which drugs bind in 
plasma 

Condition Albumin Alpha-1-Acid  
glycoprotein 

 
Renal failure 

  

 
Hepatic cirrhosis 

  

 
Arthritis 

  

 
Surgery 

  

 
Burns 

  

 
Myocardial infarction 

  

 
Stress / trauma 

  

 
Pregnancy 
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The fraction of
drug in plasma 
unbound varies 
widely among

drugs
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XENOBIOTIC TRANSPORTING SYSTEMS 
PRESENT IN THE LIVER

OATP Organic anion transporting polypeptide

OAT Organic anion transporter

OCT Organic cation transporter

MDR1/P-gp P-glycoprotein
BCRP Breast cancer resistance protein
MRP2 Multidrug resistance protein 2
BSEP Bile salt excretory protein
MATE Multidrug and toxin extrusion
transporter
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HEPATIC INTERACTION

Drug Interaction Mechanism Vd/F

Atorvastatin Rifampin Inhibition of OATP1B1 uptake ↓ 94.3% 

Cerivastatin Cyclosporine Inhibition of OATP1B1 uptake ↓ 66.7%

Glyburide Rifampin Reduced OATP2B1 uptake ↓ 67.4% 

Metformin OCT1
reduced function allele Reduced OCT1 uptake ↓ 53.9% 

Repaglinide Cyclosporine Inhibition of OATP1B1 uptake ↓ 59.0% 

Rosuvastatin Cyclosporine Inhibition of OATP1B1 uptake ↓ 90.6% 

Rosuvastatin Gemfibrozil Inhibition of OATP1B1 uptake ↓ 27.5% 

OATP1B1

Uptake transporter-based 
interactions at the liver
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Polymorphic OATP 1B1 is a major 
determinant of repaglinide pharmacokinetics: 

CYP2C8 and CYP3A

Clin. Pharmacol. Ther. v. 77, p. 468-78, 2005.
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HEPATIC TRANSPORTERS 
AND DRUG DISPOSITION

Uptake 
Transporters

Metabolizing 
Enzymes

Bile Canalicular 
Transporters

Atorvastatin OATP1B1 CYP3A4 ________

Cerivastatin OATP1B1 CYP3A4
CYP2C8

________

Pravastatin OATP1B1
OATP2B1

________ MRP2
MDR1

Rosuvastatin OATP1B1
OATP1B3
OATP2B1

________ MRP2
MDR1

.
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MECHANISMS OF TISSUE 
DISTRIBUTION OF METFORMIN

Mol. Pharmacol., v. 63, p. 844-848, 2003.
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XENOBIOTIC TRANSPORT SYSTEMS IN 
THE PROXIMAL TUBULE OF THE KIDNEY

OAT 
Organic anion transporter
OCT
Organic cation transporter
OATP
Organic anion transporting
polypeptide

MRP 
Multidrug resistance protein
MDR1/P-gp
P-glycoprotein
MATE
Multidrug and toxin extrusion
transporter
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Effects of transporter inhibition/dysfunction
on volume of distributionFCFRP-USP



XENOBIOTIC TRANSPORTING SYSTEMS 
THAT CONTRIBUTE TO THE BLOOD-BRAIN BARRIER

MDR1/P-gp P-glycoprotein (MDR1) 
BCRP Breast cancer resistance protein
MRP Multidrug resistance protein
OATP Organic anion transporting polypeptide
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XENOBIOTIC TRANSPORTING SYSTEMS 
THAT CONTRIBUTE TO THE BLOOD-BRAIN BARRIER

P-gp P-glycoprotein (MDR1) 
BCRP Breast cancer resistance protein
MRP Multidrug resistance protein
OATP Organic anion transporting polypeptide
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Ther. Drug Monit.,v.22, p.137-140 , 2000

Levels of digoxin in plasma and brain 
of wild-type mdr1a(+/+) and mdr1a(-/-) 

mice at various time points after a 
single digoxin injection 

Levels of digoxin in plasma and brain 
of wild-type mdr1a(+/+) and mdr1a(-/-) 

mice at various time points after a 
single digoxin injection 

FCFRPFCFRP--USPUSP

Levels of digoxin in plasma and brain of mice
MDR1/P-gp (+/+) and (-/-)

Ther. Drug Monit., v.22, p.137-140, 2000
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TRANSPORT SYSTEMS THAT CONTRIBUTE TO
THE BARRIER FUNCTION OF THE PLACENTA

MDR1/P-gp P-glycoprotein
MRP Multidrug resistance protein
BCRP Breast cancer resistance protein

FCFRP-USP



P-gp in the placenta:
substrates and inhibitors
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Volume de distribuição (Vd)

Vd é uma constante de proporcionalidade 
que relaciona a quantidade do fármaco no 

sistema biológico com a concentração
no plasma

Dose iv
Cp no tempo zeroVd =

Unidade volume (mL, L)
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Volume de distribuição (Vd)

Vd = Dose (iv)
C0

Vd  = Dose .F
AUC. Kel
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Volume de distribuição

Droga L/70kg
Quinacrina                          40000
Cloroquina 20000
Amiodarona 5000
Clopromazina 2000
Minoxidil 1000
Digoxina 500
Morfina 200
Ampicilina 20
Ibuprofeno 10
Eritropoetina 5
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CL of 1.16 L/h and V of 10 L for the “Normal V” scenario.
V was increased to 20 L for the “Increased V” scenario.

The effects of a two-fold increase in the volume of distribution
of a drug on its plasma concentration-time profile

IV bolus
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CL of 1.16 L/h, V of 10 L, absorption rate constant of 1 hr -1 , and F of 1 for the “Normal V” scenario.
V was increased to 20 L for the “Increased V” scenario.

The effects of a two-fold increase in the volume of distribution
of a drug on its plasma concentration-time profile

Oral
FCFRP-USP



CL of 1.16 L/h and V of 10 L for the “Normal V” scenario.
V was increased to 20 L for the “Increased V” scenario.
TSS indicates the time to reach 94% of steady state (ie, 4 t½’s).

The effects of a two-fold increase in the volume of distribution
of a drug on its plasma concentration-time profile

Constant IV infusion
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Volume of distribution

It can be used to compute a
loading dose

1

DL = Vd  x  Css, target

FCFRP-USP



Volume of distribution

It can be used to calculate the amount
of drug in the body at any given time

2

Amount in the body = Vd  x  Cobserved
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Volume of distribution

It can be used to estimate the
feasibility of using hemoperfusion

or dialysis for drug removal in
cases of drug overdoses

3

> Vd < efficient any drug removal
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Central 
COMPARTIMENTS

Heart
Liver

Lungs
Kidney
Blood

Examples of Peripheral 
Compartiments

FCFRP-USP
Central and Peripheral 

Compartiments

Fat Tissue

Muscle Tissue

Cerebral Fluid
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One - compartment model Intravascular route

Step 1Step 1

Determination of rate constants

Cop= B Cp=B.e-kel.tAUC0-¥ =  B
Kel
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Elimination rate constant
(Kel)

C = C0 . e - Kel.t

ln C = ln C0 – Kel.t

ln 0.5C0 = ln C0 – Kel.(T1/2)

ln 0.5 = ln 1 – Kel.(T1/2)

Kel.(T1/2) = ln 1- ln 0.5

0-(-0.693)
T1/2 =

Kel

0.693
T1/2 =

Kel

0.693
Kel =

T1/2

t = T1/2, C = 0.5C0

C0 = 1



Step 1

Determination of rate constants
One - compartment model Extravascular route

Cop=B=A Cp=B.e-kel.t - A.e-ka.tA
Ka

B
Kel

AUC0-¥ = 
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Two-compartment modelFCFRP-USP



Two-compartment modelFCFRP-USP



Determination of rate constants
Two - compartment model Intravascular route

Cop=A+B Cp=B.e-b.t + A.e-a.t+ AB
b a

AUC0-¥ = 

FCFRP-USP



Step 1

Determination of rate constants
Two - compartment model Extravascular route

Cp=B.e-b.t + A.e-a.t - Cop .e-kat
Cop=A+B

B
bAUC0-¥ =  A

a
+ Cop

Ka
-
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Exercício 1

A Figura abaixo mostra o decaimento das concentrações plasmáticas de teofilina em função do tempo
após a administração de uma dose única iv de 500 mg a um paciente de 70 kg. Considerando que a AUC
(tempo zero ao infinito) é 125 mg.h/L, calcular o volume de distribuição da teofilina.


