; Toxicante

lv

Toxmocmetlca

)

2
Interacao com a molecula alvo

3
Disfuncaoe/dano celular -

MOPO0=0=X0+

A
Reparo inapropriado ‘



TOXICIDADE

~gge-uselransporte do sitio de exposigao ao sitio alvo
1° estadio

eliminacao

absorcao pre-sistémica
distribuicao ~ distribuicao

Sitio alvo Sitios de armazenamento
reabsorcao EXCrecao
bioativacao desintoxicacao

molécula
alvo

Sitio alvo



Passive diffusion
oo Transcellular and Paracellular

Small Intestine

Paracellular Transcellular Pgp
Passive Diffusion Passive Efflux

Diffusion
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Systemic Circulation (Capillaries)




COMPOUND LOG P

Paraquat e OCTANOL/WATER PARTITION

Cephalosporin C —4.72

S " COEFFICIENTS (P
Glutathione 3 ( )
Cysteine

Glucose

Ethylene glycol

Lead acetate
p-Aminohippuric acid
Dimercaprol

Log P: physicochemical

Aspirin (acetyl salicylic acid) 1.02
Colchicine 1.19
Atropine 232 p ar am et e r
Benzoic acid 1.88

relative to assessing

Salicylic acid 2.19
Methyl salicylate 2.34

potential

Warfarin 2.89

Digitoxin 3.05

membrane

DDT 6.76

TChP 7.05

2,4-D, 2,4-dichlorophenoxyacetic acid; DDT, p er I I I eab I I I ty

dichlorodiphenyltrichloroethane; TCDD,
2,3,7,8-tetrachlorodibenzo-p-dioxin.




FW%USP Examples of Drugs Showing low Oral Bioavailability
Becauseof Low Intestinal Permeability

Alendronate Gentamicin
Amikacin |bandronate
Carbenicillin Neomycin
Cefamandole Pyridostigmine
Ceftazidime Streptomycin

Flumazenil Vancomycin




=2=JSP

/ Absorcao no trato gastrintestinal
%{ Difusao Passiva

-t
o
o

o
o

Acido salicilico (pKa=3)

Stomach, pH3

; Intestine, pH6 \

N
o

Fey
o

oH 1-3,5 57

area absortiva 1 m? 200 m?

Percent of Dose Remaining to Be Absorbed
N
o

perfusao 150 mL/min 1 L/min

Minutes

permeabilidade - +



XENOBIOTIC TRANSPORT SYSTEMS PRESENT
IN THE GASTROINTESTINAL TRACT

=USP

OATP

Organic-anion transporting peptides
OCTN

Organic-cation transporters

PEPT

Peptide transporters

MRP2

Multidrug resistance associated
protein 2

BCRP

Breast cancer resistance protein
MDR1/P-gp

Multidrug resistant protein
P-glycoprotein



Synergic action of P-gp and CYP3A4 In the

FERRP-USP

enterocytes

O Drug not metabolized or transported in the gut

. Drug metabolized on first entrance

O Drug cycled 4 times before metabolized D Drug metabolites

O<> LUMEN
¢ oo

= 4 - .
- | & : 1 .
- e - ™
; : H ..
. . -.: a X .

......




ﬁ%mgp The role of intestinal P-glycoprotein In
/N the interaction of digoxin and rifampin




(a) Duodenal biopsy immunostained for P-gp before
r%-usp administration of rifampin (b) Duodenal biopsy after
O days administration of rifampin (600 mqQ)

duodenal lumen

- duodenal lumen

/' P-glycoprotein

P-glycoprotein




;‘e LI%Fippharmaceutical Drug Disposition
Classification System
CLASS 1 CLASS 2
High Solubility Low Solubility
High Permeability High Permeability
CLASS 3 CLASS 4
High Solubility Low Solubility
Low Permeability Low Permeability




Classification System

;‘e Biopharmaceutical Drug Disposition
-

CLASS 1 CLASS 2 -
Transporter effects Efflux transporter effects
minimal predominate In the gut,

while absorptive and efflux
transporter effects occur In

the liver
CLASS 3 CLASS 4
Absorptive transporter Absortive and efflux
effects predominate | transporter effects could be
(but may be modulated Important

by efflux transporters)




F@%USP Examples of Drugs in Class | of the
Biopharmaceutics Classification System

Abacavir Chlorpheniramine Ergonovine Lidocaine Prednisolone
Acetaminophen  Cyclophosphamide Ethambutol Lomefloxacin  Primaquine
Acyclovir Desipramine Ethinyl estradiol Meperidine Promazine
Amiloride Diazepam Fluoxetine Metoprolol Propranolol
Amitriptyline Diltiazem Imipramine Metronizadol  Quinidine
Atropine Diphenhydramine Ketorolac Midazolam Rosiglitazone
Buspirone Disopyramide Ketoprofen Minocycline Theophylline
Caffeine Doxepin _abetalol Misoprostol Valproic Acid
Captopril Doxycycline |_evodopa Nifedipine Verapamil

Chloroquine Enalapril _evofloxacin Phenobarbital Zodovudine




3:6 Absorcao no trato gastrintestinal
FeRP-JSP
Solubilidade

DOSAGE FORM () U

Dissolution
Disintegration l \ @

Dissolution
GRANULES Oooo e SOLUTION

000

Deaggregation l | x
GUT WALL\ \

..g::,‘:, Dissolution
FINE PARTICLES .°; 8 PORTAL

GUT LUMEN BLOOD
VESSEL




Absorcao no trato gastrintestinal
Influéncia do tempo de esvaziamento gastrico

H
o

Plasma salicylate (ug/mL)
o

Serum erythromycin (ug/mL)
(8}

o
3

6 8 6 8
y Time (hours) Time (hours)
A. Aspirin | B. Erythromycin

250 mL water

o
5
3
£
5
x
O
E
©
€
2
O
7))

Serum theophyline (ug/mL)

. 6 8
Time (hours) Time (hours)
C. Amoxicillin D. Theophylline




%% .. Absorcao no trato gastrintestinal

Influéncia do tempo de esvaziamento gastrico

:.—-—--.
q)l—.
5 2
o o
S E
Eh—-'
<
Q-2
< S
c
gm
O
wn
S o
a O

— acetaminofeno

- - acetaminofeno + metoclopramida

acetaminofeno + propantelina



Influencia de alimentos na
¥ biodisponibilidade de fArmacos

ANVISA. Resolucao RE n®1170 de 19 de abril de 2006

atualizada em 31 de julho de 2013

ALIMENTACAO

Acarbose Etionamida Lercanidipine Propafenona
Acitretina Exemestano Lovastatina Ritonavir
Albendazol Fenofibrato Metformina Rivastigmina
Axetil cefuroxima susp Ganciclovir Metformina + Pioglitazona Rosiglitazona + Glimepirida
Biperideno Glicosamina Nelfinavir Saquinavir
Bromocriptina Glibenclamida + Metformina Nitrendipino Selegilina
Capecitabina Hidroxicloroquina Nitrofurantoina Ticlopidina
Cetoconazol Imatinib Ornidazol Trazodona
Cetoprofeno Isotretinoina Pentoxifilina Valganciclovir
Diacereina Itraconazol Pinavério Ziprasidona

ALIMENTACAO e JEJUM

Alfuzosina Ciclosporina Pitavastatina Tacrolimo
Amiodarona Everolimo Propiltiouracil Tenofovir
Buspirona Medroxiprogesterona Sulpirida



_ Influence of a mexican diet on the
ploavailability of albendazole

F%D:U

REFEICAO:

:

>2 OVOS FRITOS COM B REFEICAO

TOMATE, CEBOLA E CHILI;

»2 FATIAS DE BACON, 55g DE
TORTILLAS COM TOMATE,
CHILI E CREME

>1 COPO DE LEITE (240mL)

:

CONCENTRATION (ng/ml)
-

_ e Fig. 1. Mean plasma concentration of albendazole sulfoxide after a
Basic & Clinical Pharmacology & single oral dose of 800 mg of albendazole in fasting state ( @ ) and

Toxicology, v. 97, p. 122-124, 2005. after a fatty meal (H).




FGgP-USP . . . . .
<%;se Sinvastatin with and without grapefruit Juice

7.0
6.0
.0 + Grapefruit juice
4.0
3.0

2.0

+ Water
1.0 / :
0.0

0 4 8 12
Hours

j
()]

C O
£
7 5
3228
a0 Y
© -
€ o
N O
S C
n O
O




% USe Mean (+SD) Peak Concentration (Cmax) and Total AUC after
ARP-

a Single 40-mg Dose Sinvastatin with and without grapefruit Juice (GFJ)

Control Concurrent Time After

(Water  Administration Discontinuing GFJ
Measure

Only) of GFJ
24 Hr 3 Days [ Days

Cmax 0.3 +4.5 112 +44.8 22.0+9.7 142+46 124+7.2
(ng/L) ) (1200)* (237)* (153)* (133)*
AUC 28.9 +14.5 390 +126 50.4 +27.6 39.6 +11.9 30.6 +15.8
(ng-hr/L)  (100)* (1350)* (206)* (137)* (106)*

*Percent of the control value



¥~ Eliminag&o pré-sistémica

Gut Wall
| Portal Liver
-
. To Site of

. Measure-
e i 1Y
Metabolism

Eliminacao pré-sistémica: F<0,5
Amitriptilina Nifedipina
Lidocaina Propranolol

Morfina 5-fluorouracila



Amount of Drug Absorbed or
Reaching Systemic Circulation




* Uses of Bioavallabllity

S

Bioavailability iIs a key determinant in the
difference In dose sizes Dbetween
Intravenous and oral preparations



Area under the blood
level-time curve

*

Extravascular

Intravascular

route

route

1o Ny GoOT78 NI NOLLVMLNIINOD 9NMT

w0 Ny @0079 NI NOLLVSLNTINOD 9Nya

TIME IN HOURS
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* Administracao Oral
Concentracao vs Tempo

5 CmaX
N
=
-
S 3
On
>
- 2
-
D
S 1 t
o MaxX
O



* Como calcular a biodisponibilidade
(F)?

AUC ev. dose IV
AUC 1Iv. dose ev

—



% Caélculo de AUC

Area do triangulo = base x altura
2

Area do trapézio = altura menor + altura maior x base
2




* Area sob a curva AUC,, ¢,

Concentracao mg/L



* Area extrapolada ate o Infinito
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¥ Calculo de AUC

Area do triangulo = base x altura
2

Area do trapézio = altura menor. + altura maior. x base
2

Area extrapolada para o infinito = Clast
Gl




‘%’ Plasma protein binding

Plasma protein binding indicates how much
of the total amount of drug Iin plasma
IS bound to plasma proteins

!

Important determinant of
drug action



%{\»

Plasma Protein Concentration

Protein Normal Type of Drugs Example
Concentration Bound

Albumin 3.5-45¢g/L Anionic Phenytoin
Cationic

Alpha-1-acid 0.4-1.09g/L Cationic Lidocaine

glycoprotein

Lipoproteins Variable Lipophilic Cyclosporine



¥ Protein Binding

Drug Binding (%)
Ampicilin 18
Chloranphenicol 53
DigoxXxin 25
Gentamicin <10
Lidocaine /70
Phenitoin 89

Vancomicin 30



%_USP Plasma Concentration
Changes

Condition Albumin Alpha-1-Acid
glycoprotein
Renal failure * f
Hepatic cirrhosis { __
Arthritis — 4
Surgery __ f
Burns ; —
Myocardial infarction — f
Stress / trauma & "
Pregnancy 1 _

— =no data available; ¥ =decreased; % = increased




XENOBIOTIC TRANSPORTING SYSTEMS
FERRP-USP
PRESENT IN THE LIVER

OAT Organic-anion transporter

OCT Organic-cation transporter

Biliary
excretion

P-gp P-glycoprotein

Blood (sinusoidal)

BCRP Breast cancer resistance protein
MRP2 Multiresistant drug protein

BSEP Bile salt excretory protein



* HEPATIC TRANSPORTERS
AND DRUG DISPOSITION

Uptake Metabolizing Bile Canalicular
Transporters Enzymes Transporters

Atorvastatin OATP1B1 CYP3A4

Cerivastatin OATP1B1 CYP3A4

CYP2CS8
Pravastatin OATP1B1 MRP2
OATP2B1 MDR1
Rosuvastatin OATP1B1 MRP2
OATP1B3 MDR1

OATP2B1



Polymorphic OATP 1B1 i1s a major determinant of
repaglinide pharmacokinetics: CYP2C8 and CYP3A

® SLCO1B1 521CC In=4)
® SLCOIBY 5217TC (n=16]
O SLCO1IBY S217TT (n=36)




* MECHANISMS OF TISSUE
DISTRIBUTION OF METFORMIN

Kidney
metformin

Urine
OCT2 OCT1

Mimival Aol st BEliary
ereretean in e lisar

Organic cation transporier
(OCTISLC22A7-3)

\ Tissue distiribution -
sooH OCT1 liver (sinusoldal membrane)
QCTZ Kidney (basalateral membrang]

facilitated diffusion

Mol. Pharmacol., v. 63, p. 844-848, 2003.



MECHANISMS OF TISSUE
DISTRIBUTION OF METFORMIN

30 E 120
(A) @ Oct 1(+/+) COM metformina E (B)
ﬁ L B Octl(-/-) COM metformina/l 'E 100 |
g -
= ' =
= 20 If = B0
= 2E i
P T o
[ - E 3
(& 1 40 -
= = W Oct 1 (-/-)
E E 20 4 @ Oct 1(+/+)
[
s :
o g 0 . . |
L 0 0 120 180 240

Mol. Pharmacol., v. 63, p. 844-848, 2003.



XENOBIOTIC TRANSPORT SYSTEMS IN THE PROXIMAL
TUBULE OF THE KIDNEY

Excretion Reabsorption

OAT

- Organic-anion transporter

OCT

Organic-cation transporter
OATP

Organic-anion transporting
peptides

MRP

Multiresistant drug protein
MDR1

Multidrug resistant protein
MATE

Multidrug and toxin extrusion
transporter

Q @
e
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S
e
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;‘é XENOBIOTIC TRANSPORTING SYSTEMS
THAT CONTRIBUTE TO THE BLOOD-BRAIN BARRIER

Glial cell processes

T
SRS

Tight

apiliary junctions

endothelium

<‘> 4}‘(?
onr (oo ()4 )
1A2

P-gp P-glycoprotein (MDR1)

BCRP Breast cancer resistance protein
MRP1 Multidrug resistance associated protein 1

MRP2 Multidrug resistance associated protein 2
OATP Organic anion transporting polypeptide



Levels of digoxin in plasma and brain of wild-type
* mdrl a(+/+) and mdrl a(-/-) mice at various time
points after a single digoxin

Plasma Brain

@
E
o
9
Q
E
=)
=
&
5
o)
ey
-

Digoxin (ng/g brain tissue)

mdria(-/-) . =, : mdria(-/-)
120 4 24 T2 120

Hours after i.v. injection Hours after i.v. injection

Ther. Drug Monit., v.22, p.137-140, 2000



TRANSPORT SYSTEMS THAT CONTRIBUTE TO
THE BARRIER FUNCTION OF THE PLACENTA

Maternal blood

OATP

Syncytiotrophoblast

Cytotrophoblast

Fetal blood

P-gp P-glycoprotein

MRP2 Multidrug resistance associated protein 2
BCRP Breast cancer resistance protein

MRP1 Multidrug resistance associated protein 1



P-gp In the placenta: substrates and inhibitors

Clinically significant P-gp substrates
Cytotoxic drugs

Vinca alcaloids, taxanes, antracyclines, actinomycin D,
epipodophyliotoxins

HIV protease inhibitors

amprenavir, saquinavir, ritonavir, nelfinavir, Indinavir
Antibiotics

erythromycin, levofiloxacin, gramicidin D
Cardiac drugs

digoxin, quinidine, carvedilol, celiprolol, talinolol

Antiemetics
dom peridone, ondansefrone

Others
ivermectine, colchicine, |losartan, phenytoin
morphine

[
e A i

P-gp inhibitors
First generation chemosensitizers

verapamil,quinidine

cyclosporine A

p rone, tamoxifen

trifluoperazine, triflucpromazine flupentixol

Second generation chemosensitizers
dexverapamil, PSCB833

biricodar (VX-710), GF120918, MS-2098

Third generation chemosensitizers
LY335979, OC144093, XR9576

Herbal extracts

St John's wort, Rosemary, Rhel Rhizoma,
Ephedrae herba

Antibodies
MRK16
o - g "
a®
® ®
oo ® -
L -
®
® Pgp . ® n




¥ Volume de distribuicdo (Vd)

Vd € uma constante de proporcionalidade
gue relaciona a quantidade do farmaco no
sistema bioldgico com a concentracao

no plasma

Dose
Cp no tempo zero

Vd =

Unidade | volume (mL, L)



* Volume de distribuicao (Vd)

_ Dose (1v)
Vd = C,
Vd = Dose .-

AUC. Kel



¥ Volume de distribuicao

Droga L/70kg
Quinacrina 41010010
Cloroquina 20000
Amiodarona <10/0]0,
Clopromazina 240[0]0,
Minoxidil 1(0[0]0
Digoxina <100,
Morfina 2400,
Ampicilina 20
Ibuprofeno 10

Eritropoetina 5



¥ Volume of distribution

1
It can be used to compute a

loading dose

D =Vd x C

ss! target



¥ Volume of distribution

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

Amount in the body =Vd x C

observed



¥ Volume of distribution

3

It can be used to estimate the
feasibility of using hemoperfusion
or dialysis for drug removal In
cases of drug overdoses

> Vd < efficient any drug removal



* Uptake transporter-based
Interactions at the liver

HEPATIC INTERACTION

Drug Interaction Mechanism

Atorvastatin Rifampin Inhibition of OATP1B1 uptake

Cerivastatin Cyclosporine Inhibition of OATP1B1 uptake

Glyburide Rifampin Reduced OATP2B1 uptake

Metformin OCTl. rofluese Reduced OCT1 uptake
function allele

Repaglinide Cyclosporine Inhibition of OATP1B1 uptake

Rosuvastatin Cyclosporine Inhibition of OATP1B1 uptake

Rosuvastatin Gemfibrozil Inhibition of OATP1B1 uptake

OATP1B1
Rosuvastatin reduced Reduced OATP1B1 uptake

function allele




*

DIGOXIN
(Oatplad)

METHOTREXATE

(Bcrp)

ULIFLOXACIN
(Oat/Oatp)

VALSARTAN
(Mrp2)

THE DISTRIBUTION VOLUME

(ml/kg)

SS

area

(L/kg)

SS

area

(ml/kg)

SS

area

(ml/kQg)

SS

area

CONTROL

933
7140
7360

CONTROL

417

933
1010

CONTROL

831
4450
4880

CONTROL

51.0

258

420

+RIFAMPIN

454
1640
1790
+PANTOPRAZOLE
315
651
689
+CYCLOSPORINE
702
3070
3320
iIn EHBR rats
44.7
111
118

EFFECT OF CHANGE IN TRANSPORTER FUNCTION ON

% DECREASE

51.2
/7.1
75.7

% DECREASE
24.4
30.3
31.9

% DECREASE
15.6
31.0
31.9

% DECREASE
12.4
Sy
71.9




ECTS OF TRANSPORTER INHIBITION/DYSFUNCTION
ON VOLUME OF DISTRIBUTION

Kidney Liver

Uptake

Efflux




%_USP Central and Peripheral
' Compartiments

Central Examples of Peripheral
COMPARTIMENTS Compartiments

Cerebral Fluid

Muscle Tissue




* One-compartment model

Xo—=| A #—-—5—)» (

J/ |

e [ |

&

Where: Xy= Dose of drug > .

X1 = Amount of drug v /
In body \f

= Elimination '
One-compartment mode! One-compartment model
rate constant

before administration immediately after
administration




%%, Determination of rate constants
One - compartment model Intravascular route

Step 1




Elimination rate constant

e (Kel)

C=C,.e" Kel.t Kel (T1/2) = In 1- In 0.5
In C =1n C, — Kel.t 0-(-0.693)
R
Kel
t = T1/2, C = 0.5C,
0.693
In 0.5C, =In C, - Kel.(T1/2) T1/2 = =
e
C, =1
0.693
In 0.5 =In 1 - Kel.(T1/2) Kel =
T1/2




%ﬁé Determination of rate constants

One - compartment model Extravascular route

Step 1 A=B=C(0)

DECLINING LINE

O
S
O
O
Q
~

NUMERIC TIME

Cop=B=A AUCO== B — A Cp=B.ekelt- A e-kat
Kel Ka



Two-compartment model

i
/ W/
Two-compartment model Iwo-compartment model Two-compartment model

before administration immediately after after distributive
administration equilibrium




Two-compartment model

PERIPHERAL PERIPHERAL

CENTRAL [ TR
istributio i distributiony G
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“elimination = ‘A elimination

POINT I POINT II
End of injection Distribution in process
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PERIPHERAL PERIPHERAL
CENTRAL it ae e ] CENTRAL [- SRS
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— |

elimination L elimination

POINT I ST POINT IV
— — ——— - Distribution equilibrium TEETElimination process
TIME AFTER DOSE =i attained predominates




1)% Determination of rate constants
Two - compartment model Intravascular route

BACK-EXTRAPOLATED
MONOEXPONENTIAL

O
<
o
O
O
Q
<




% Determination of rate constants
Two - compartment model Extravascular route

Step 1
BACK-EXTRAPOLATED
MONOEXPONENTIAL
DECLINING LINE
NUMERIC TIME
Cop
— -B.t _a.t _ o -kat
8 . A _ Cop Cp=B.ePt+ A.e Cop .e
AUCO®= — + = -

B Ka



* Excrecao renal de toxicantes

Glomerulus

Filtration

Proximal Secretion
tubule Active
reabsorption

Passive

reabsorption

Distal
tubule

collecting —— tubyje
locidad /I'dd I'dd\/ )
veloclaage _ - velocigade -, - velotldade 1 — fracao reabsorvida
excrecao filtracao secrecao

- N\ i



_USP Excrecao renal de toxicantes
\ Influéncia do pH da urina

Metanfetamina (pKa=10) Acido salicilico (pKa=3)

Acidic Urine
(pH 4.9-5.3)

No pH Control —e——
Alkaline Urine
o (pl—{l3 7.8—58.2)0

8 12 16
Hours Urine pH

Unbound Renal Clearance
(mL/min)
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TRANSPORT SYSTEMS IN THE PROXIMAL
TUBULE OF THE KIDNEY

Excretion

Q
e
©
S
=)
Y=
S
L
=)
S
Q
£
O
Q)

Reabsorption

OAT

Organic-anion transporter

OCT

Organic-cation transporter
OATP

Organic-anion transporting
peptides

MRP

Multiresistant drug protein
MATE

Multidrug and toxin extrusion
transporter

MDR1

Multidrug resistant protein



Insuficiencila renal
RP-USP

Acumulo de farmacos de excrecao renal

Cefepima

Creatinine
Clearance
(mL/min)

<10
» 11-30

> 31-60
61-90
>90

—
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%%, Fraction of dose eliminated
by the Kidneys (fe)

This fraction refers to the fraction of the drug
dose that is eliminated unchanged
by the kidneys In subjects with normal
renal function

Ae
Dose

Fe=




Cumulative urinary
excretion

™~
>
S
L
S
"
Qc
R
W
3.
S
<
S
S
~
¢
S
S
o

6

TIME IN HOURS

Amount excreted (Ae)
Ae=Cu.V |[mg]




%% Fraction of dose eliminated
by the Kidneys

It can be used to compute adjusted
drug dosage regimens in patients
with reduced renal function

Fe > (0.6 = aconsideration should be given to
dosage regimen adjustment



* Excrecao biliar de toxicantes

(fluxo biliar) . (concentracao na bile)

clearance biliar = -
(concentracao no plasma)

fluxo biliar = 0,5 -0,8 mL/min

¥ alto peso molecular

e .
toxicantes polares
P PM > 325



XENOBIOTIC TRANSPORTING SYSTEMS
FERRP-USP
PRESENT IN THE LIVER

OAT Organic-anion transporter

OCT Organic-cation transporter

Biliary
excretion

P-gp P-glycoprotein

Blood (sinusoidal)

BCRP Breast cancer resistance protein
MRP2 Multiresistant drug protein

BSEP Bile salt excretory protein



Excrecao biliar de toxicantes
Ciclo entero-hepatico

B



¥ Excrecao biliar e ciclo
' entero-hepatico

A sulindaco

O sulfona
[0 sulféxido

T
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o
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Outros exemplos » Yene el

* Conjugados de testosterona e vitamina A

* Conjugados com o acido glicuronico de cloranfenicol, indometacina e acido valproi
* Imipramina e desipramina
» Metabolitos da espironolactona



% Total Clearance (ClI)

Total clearance represents that part of the distribution
volume that iIs totally cleared of drug per unit time

Unit

Cl= vdxk= 09°€

volume/time

AUC

Cl = CI, + Cl
Cl,=QxE

Cl,=CI-Clg

Ae

Clr=Clx — sa

(mL/min, L/h)

blood flow through the liver
IS about 1.5 L/min

blood flow through the
kKidneys Is about 1.2 L/min



Total Clearance (ClI)

Average Clearances of Common Drugs

Aspirin

Cephalexin

8 /_:) 8 VL
3Uum ' /TTHIIULE

Dig
(3 NTamicin \7\1'Tl

Lovastatin -18 mL/mr

Ranitidine /30 mL/minute
Vancom yCin 98 mL/minute
Zldovudine 26 mL/minute

Source: Shargel L, Yu ABC. Applied Biopharmaceutics an

Pharmacokinetics. 4th ed. New York: McGraw- Hill: 1999.
/32-6.
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Total Clearance

Total clearance determines the average
steady-state concentration of a drug during
continuous drug administration

_ R (F) (dose/t)
Coz T = 7 o

1 |

R = dosing rate
F = bioavailability



‘% Total Clearance

Total clearance can be used to compute the dosing
rate required to yeld the desired steady-state
concentration

R = Css target X Cl



<%? Total clearance determines steady-state
levels for any given dosing rate
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Time, relative units

Bjornsson, 1997



‘%‘%’ Total Clearance

The numerical value of total clearance,
Cl,and Cl; can provide important insights
Into the elimination processes and the
potential needs for dosage regimen
adjustments in patients with liver

or kidney disorders



* Model for organ clearance of a
drug

Elimination




*ﬁEARANCE FOR THE ELIMINATING ORGAN

oL = Q. (. CLy)
Q + (fuy, . CLpy)
(fu, . CL,,) >> 7 Yg >> (fu, . CL,)
organ = organ — (fub CLmt)
= =

> 0.7/ <0.3




* E Is Independent of the fraction
of the dose eliminated by an organ

Diazepam

CL =27 mL/min
< 1% Is excreted unchanged in the urine

On each pass through the liver only 1,8% of the
diazepam will be eliminated, although almost all of

the dizepam will be eliminated by the liver




* Effect on Clearance

Extraction Ratio Blood Flow Clearance (Cl)
(E) (Q) (L/hour) (L/hour)
High (0.7-1.0) Low Low
Low (<0.3) High Low
High (0.7-1.0) High High

Low (<0.3) Low Low




Theophylline has alow E

* Theophylline possesses low protein binding
Cimetidine Is an inhibitor of the CYP1A?2

Addition of Cimetidine Css (total)

=
o1

Theophyline

ol

Concentration (mg/L)

Time



*NFLUENCE OF EXTRACTION RATIO ON DRUG
AVAILABILITY

| abetalol —




* Uptake transporter-based
Interactions at the liver

HEPATIC INTERACTION

Drug Interaction Mechanism

Atorvastatin Rifampin Inhibition of OATP1B1 uptake

Cerivastatin Cyclosporine Inhibition of OATP1B1 uptake

Glyburide Rifampin Reduced OATP2B1 uptake

Metformin OCTl. rofluese Reduced OCT1 uptake
function allele

Repaglinide Cyclosporine Inhibition of OATP1B1 uptake

Rosuvastatin Cyclosporine Inhibition of OATP1B1 uptake

Rosuvastatin Gemfibrozil Inhibition of OATP1B1 uptake

OATP1B1
Rosuvastatin reduced Reduced OATP1B1 uptake

function allele




%BITION OF EFFLUX TRANSPORTERS AT THE LIVER:
CLEARANCE

BDDCS CLEARANCE

| and ||

Il and IV




%Drugs for which changes in protein
DInding are not clinically relevant

Drug Low hepatic extraction ratio
Carbamazepine 0.08
Caftriaxone 0.01
Chlorpropamide 0.001
Diazepam 0.02
Ketoprofen 0.06
Methotrexate 0.06
Phenytoin ~0.03
Tolbutamide 0.01
Valproic acid 0.005

Warfarin 0.002



The 25 drugs in a list of 456 drugs
Protein binding may influence clinical drug exposure

Protein binding (%) CL (mL/min.kg)
Alfentanil 92 10.6

Amitriptyline 95 11.5
Buprenorphine 96 13.3
Butorphanol 80 22
Chlorpromazine 95 SN
Cocaine 91 32
Diltiazem /8 11.4
Diphenhydramine /8 6.2
Doxorubicin 76 16.2
Erythromycin 84 8.0
Fentanyl 84 12.3
Gold sodium thiomalate 95 4.8
Haloperidol 92 11.8
ldarubicin 97 29
ltraconazole 99.8 12.7
Lidocaine 70 9.2
Methylprednisolone /8 6.2
Midazolam 08 6.6
Milrinone /70 5.2
Nicardipine 99 10.4
Pentamidine /70 16
Propofol 08 27
Propranolol 87 18
Remifentanil 92 40 - 60
Sulfentanil 93 12
Verapamil 90 15

Nonoral administration; protein binding > 70%



3 Elimination half-life (t¥2)

Is the time It takes a drug
concentration in the blood to decline
to one half of its original value

0.693 _ 0.
(1, = _ 0.693 x Vd
K Cl

Unit time (min, h, day)



¥ Half-Life (t1/2)

Half-Lives of Common Drugs

Drug Half-Life (h)
Aspirin 0.3
Cephalexin 0.9
Digoxin 39
Gentamicin 2 -3
Lovastatin 1.1-1.7
Vancomycin 5.6

Zidovudine 1.1



¥ Elimination half-life

It IS used to select lenghts of
dosing intervals of drugs

drug levels at steady-state are
approximaly 2 times those after the first
dose

. drug levels at steady-state are more than
When T<t2 5 {imes those after the first dose

drug levels at steady-state are less than 2
When T>1t%  times those after the first dose

When T=tv2



%%, Relationship between elimination
nalf-life and dosing interval
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The elimination half-life i1s the same for all
three simulations



The effects of atwo-fold increase In the clearance

of a drug on Its plasma concentration-time profile
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CL of 1.16 L/h and V of 10 L for the “Normal CL” scenario.
CL was increased to 2.32 L/h for the “Increased CL” scenario.



The effects of a two-fold increase In the clearance of a drug
* on Its plasma concentration-time profile
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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 CL” scenario.
CL was increased to 2.32 L/h for the “Increased CL” scenario.



The effects of a two-fold increase In the clearance of a drug
* on its plasma concentration-time profile

—h

-

]
I

Mormal CL

=]
g ]
I

Increasad CL

Concentration (“aMaximum)

24 J6
Time (Hours)

CL of 1.16 L/h and V of 10 L for the “Normal CL” scenario.
CL was increased to 2.32 L/h for the “Increased CL” scenario.
TSS indicates the time to reach 94% of steady state (ie, 4t ¥2’s).




The effects of a two-fold increase in the volume of distribution
* of adrug on its plasma concentration-time profile
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CL of 1.16 L/h and V of 10 L for the “Normal VV”’ scenario.
V was increased to 20 L for the “Increased VV’ scenario.



The effects of a two-fold increase in the volume of distribution
* of adrug on its plasma concentration-time profile
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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 Iin the volume of distribution
* of a drug on Its plasma concentration-time profile
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CL of 1.16 L/h and V of 10 L for the “Normal VV” scenario.
V was increased to 20 L for the “Increased V”’ scenario.
TSS Indicates the time to reach 94% of steady state (ie, 4 tY2’s).



The effects of a two-fold increase Iin the dose or infusion rate

of a drug on Its plasma concentration-time profile
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Increased Infusion Rate

. Normal Infusion Rate

Time (Hours)

CL of 1.16 L/h, V of 10 L, absorption rate constant of 1 hr -1, and F of 1.
The dose or infusion rate constant was doubled for the “Increased Dose” or “Increased Infusion Rate”
TSS indicates the time to reach 94% of steady state (ie, 4 t%2’s).



