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More than 50% of pregnant
women receive some form

of drug during pregnancy

~ 40% of drugs used has no

evidence of safety in

pregnant women




Pregnancy PBPK model components

SP

PBPK= Physiologically-based pharmacokinetic

Trial Settings
Dose, trial size, duration,
fed/fasted,
co-medication ... etc

Physiological
Pregnancy
Parameters - :
Physiological
Blood flows, changes

organ sizes,

Enzyme abundances, Diseases
Pheno/genotypes, Types,
Renal function, Progression
.. etc rate .. etc

In vitro-in vivo
extrapolation

PBPK model Inputs

Drug parameters

MWt, B/P, LogP

pKa, formulation,
Cling, 1Csq K

etc
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Effects of Pregnancy on
Drug Metabolism and Gl Motility




Expansion of plasma volume
I during gestation
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RVA Plasma proteins and pregnancy
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E E Changes in cardiac output during gestation
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PHARMACOKINETICS CHANGES
IN PREGNANCY

TVomiting
lGastric emptying
JSmall intestinal motility
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Midazolam (CYP3A)
Pregnancy vs Postpartum

Average midazolam plasma
concentration-time profiles
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Midazolam (CYP3A) PK parameters
f‘%’usp Pregnancy vs Postpartum

Percent
Parameter Pregnancy Postpartum difference Pvalue

AUC, ,;.¢(ng-h/ml) 95+43 179+60 —46+26 <0.002

ICL/F (1/min) 42418  20+06  108+62  0.002|
CLIF, o g (1/min) 593+237 343+103  86+79  0.007

u

1" OH-mid 30+1.1 14+04 124+ 63 <0.002
L (I/min)

1"OH-mid 418+ 150 228+ 67 99+ 86 <0.005
CLformation,unbound (I/min)
f, (%) 0.71+0.11 061x0.16 2126 <0.05

C.nax (NQ/MI) 64+26 93+20 -28+32 0.1

T .. (h) 0.56+0.15 0.54+0.14  7+31 0.8
Half-life (h) 24+07  25+1.3 2+26 0.6

formation




Effect of pregnancy on enzyme

and transporter activities

Effects of pregnancy on apparent enzyme and transporter activities
Probe Pregnancy effect on activity Reference

Enzymes

CYP3A Midazolam 86-124% increase 1

CYP2D6 Metoprolol 1.5- to 2.84old increase 2

CYP2C9 Phenytoin 1.4-to 1.5-old increase 4

CYP2C19 Proguanil Mixed results 3,31-33

CYP1A2 Caffeine 30-65% decrease 5

CYP2E1 Acetaminophen 1.8-old increase 38

CYP2B6 Efavirenz No significant change 8

Alcohol dehydrogenase Abacavir No significant change 25
| UGI1A4 Lamotrigine 05-204% Increase 0,42,45 |

CBR1 Doxorubicin 30-39% decrease 7
Transporters

0CT2 Metformin 38-45% increase 11

P-gp Digoxin 107% increase 1

OAT1 Amoxicillin >50% increase 12
CBR1, carbonyl reductase 1; CYP, cytochrome P450; OAT1, organic anion transporter 1; OCT2, organic cation transporter 2; P-gp, P-glycoprotein; UGT1A4, uridine
diphosphate-glucuronosyltransferase 1A4.



Caffeine (CYP1A2) pharmacokinetics

m;%m :
1n pregnant women
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Effects of Pregnancy on
Renal Elimination

Proximal Tubule

Filtration

W et

Proximal Tubule




f%,usp

Parameter

AUGC,_, s (ng-h/ml)
AUG, ,, (ng-h/ml)

73%16
1.7x£0.5

93+22
23+09

ercent

-19%19
-15%37

Digoxin (P-gp) PK parameters
Pregnancy vs Postpartum

Pregnancy Postpartum difference Pvalue

<0.006
0.05

| CLg,,..,(ml/min)

181 %25

115+ 25

61+29

<0.002

CLchal, unbound (ml/min)

272145

183+ 37

52+ 25

<0.002

ICLsecretion (ml/min)

73+22

37+14

120+99

<0.002

Clsecret.ion, unbound
(ml/min)

109+ 34

58 +22

107 £99

<0.002

f, (%)

674

63+5

58+34

<0.002

C,a(Ng/ml)

0804

1.1+£0.6

-10+ 50

0.3

T max(h)

1.6+ 1.1

1.3+09

62+ 147

0.6

Half-life (h)

384+ 8.7

46.5+ 164

—6+41

<0.09




Digoxin renal clearance vs
v creatinine clearance
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Farmacocinetica em gestantes

s

T %pp

anticonvulsivantes
antidepressivos

T lipossolubilidade { lipossolubilidade

aminoglicosidicos




RANSPORT SYSTEMS THAT CONTRIBUTE TO
“HSTHE BARRIER FUNCTION OF THE PLACENTA

Maternal blood

MRP
BCRP @ 1o

Syncytiotrophoblast

Fetal blood

P-gp P-glycoprotein; MRP Multidrug resistance protein; BCRP Breast cancer
resistance protein




FENTANYL

Placental transfer of fentanyl
indicates the need of caution
regarding the doses of
drug administration

To prevent deleterious
effects on the fetus and/or
‘ newborn infant

Table 3 Fentanyl concentrations (in nanograms per mulhliter) m
maternal and fetal plasma determined by GC-MS, and fetal
maternal ratio

Parameter” Partunents (n==8)
[Median (P25-P75)] b

Latency (min) 28.50 (25.75-32.25)
Maternal concentration (ng/ml) (1.31 (0.284).32)
Fetal concentration (ng/ml) (.25 (0.194).51)
Fetal maternal ratio 0.89 (0.75-1.62)

“Latency, Time between drug adminstration and birth; fetal
maternal ratio, ratio between fetal and maternal fentanyl concen-
tration in plasma at the tme of birth

"P25, 25th percentile; P75, 75th percentile




%  METFORMIN

CAUTION IS 70% transplacental
transfer

RECOMMENDED

Table 3 Maternal and umbilical cord plasma metformin concentra-
tions in eight parturients with PCOS

Parameter Median (minimum and maximum)

Maternal plasma (mg/L) 04 (0.1-2.4)
Umbilical cord plasma (mg/L) 0.3 (0.1-1.4)

Umbilical/maternal 0.7 (0.4-1.3)

Data are expressed as the median, with the minimum and maximum
values given in parenthesis




A administragdo de dose Gnica oral de 100 mg de metopzolol a uma paciente gestante ou

ic 200 mg de pctoprolol a uma paciente n3o gestante resultou nas concentragdcs
plasmaticas em fungdo do tempo abaixo apresentadas. Com base nos dados, responda:
Tempo Paciente ndo gestante Paciente gestante
(h) ng/ml, ng/ml,
Zero Zero Zero
0.25 31.31 344
0.5 68.53 30.38
0.75 180.47 129.69
] 265.01 15149
1.5 235.78 93.05
2 185.06 72.62
2.5 160.3 554
3 135.81 42.3
4 109.32 325
5 80.02 20.28
6 63.03 14.46
¥ 31.68 7.58
10 27.23 5.09
12 23.36 347
16 15.51 1.47
20 862 141
24 475 1.2

a) Calcular o volume de distribuigdo aparente (Nd'F) do metoprolol nas pacientes
gestante ¢ ndo gestante.

b) Calcular o glgarapes total apareate (CUF) do qugioprolol nas pacientes gestante ¢
nao gestante.

¢) Discutir os valores encontrados de Nd/F ¢ CUF com basc nas alteragdes
fisiologicas da gestagdo que alteram a farmacocinética.
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S Pediatric pharmacokinetics

Neonates — até 1 més (idade gestacional >= 36 semanas)

Infant — 1 més até 2 anos
Children — 2 a 12 anos

Adolescents — 12 a 16 anos




Changes 1n Gstrointestinal Function
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Developmental changes 1n
distribution sites

Developmental Changes in Distribution Sites
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Ligacao as proteinas plasmaticas
e neonatos vs adultos

Fracao livre Vd (L/kg)
neonato adulto neonato adulto

fenobarbital 0,68 0,53 1 0,55
sulfametoxipirazina 0,43 0,38 0,47 0,24
digoxina 0,8 0,7 10 7

fenitoina 0,2 0,1 1,3 0,63




S Ontogeny of CYP enzymes

Becomes
active at Substrates Inhibitors Inducers

CYP 1A2 1-3 months Caffein

Paracetamo Insulin

(1]

Ciprofloxacin obacco

— CYP3A4
— CYP3A7

Omeprazole

CYP 2D6 Hours, days Amphetamines Cocaine Phenobarbitone
Codeine Methadone Phenytoin
Flecainige Ranitidine
letoclopramide

CYP 2C9 Firstweeks |buprofen Fluconazole Rifampicin

Catalytic activity

Phenytoin Sulfamethoxazole
CYP 2C19 First weeks Omeprazole Omeprazole Carbamazepine
Phenytoin Indomethac Preanisone
domethac

CYP 3A4 First weeks Steroids Fluconazole Phenobarbitone

- ; , :
Clanthromycin  Grapeiruit Juice  Phenytoin

CYP 2E1 Hours Ethano disulfiram ethano




Effect of age on the clearance
of midazolam (CYP3A)
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AV Impact of development on
theophylline plasma concentrations

Dosing rate

Css =

Clearance

n315d
B25-57 d
m 323 mo

B 16 mo -4 yr
06-17 yr

> F 82379 yr

—

Ve
g
g
A
1
A
A
)

N

Steady state (Css) serum theophylline concentrations from
a dose of 20mg/kg/day administered to patients of varying age




Clearance (mL/min) of theophylline In
F%@P diferente age groups

Age Groups Observed CL

Premature neonates (n = 20) 0.69 = 042

Infants (n = 10) 4.7 *+ 2.3

Children (n = 10) 20 =+ 8
dults (n = 12) 49 + 9

Dosing rate = CL X Cgg




S Ontogeny of glomerular filtration
‘ in the neonate

N
=
%
P~
=
£
E
o
L
O
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N
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, Pediatric pharmacokinetics
e Gentamicin dosing

Table 2. Pharmacokinetics and Nonsynergistic Gentamicin and Tobramycin Dosing across Different Age
Groups'

Extended-Interval
Volume of Dis- Dose (mg/kg
Age Group tribution (L’kg)  Half-Life (hr) Conventional Dose? every 24 hr)°

Neonates 0.45-0.6 3-12 4-5 mg/kg every 24-48 hr depending on .0
gestational age, postnatal age, and renal
function for target peak of 8-10 mg/L and

frough of <2 ma/l,
Infants 0.3-0.5 2.5 mg/kg every 8 hr

Children and 0.3-0.35 2.5 mg/kg every 8 hr
adolescents

Children with cystic 0.2-0.35 3.3 mg/kg every 8 hr
fibrosis®

Adults 0.2-0.3 1-1.6 mg/kg every 8 hr




Pediatric pharmacokinetics

e Vancomycin dosing

Table 3. Vancomycin Dosing across Different Age Groups

Volume of Distribution

Age Group (L/kg) Half-Life (hr) Dosing (mg/kg)

Neonates 0.4-0.6 6-10 10-20 every 12-24 hr depending on gestational
age, postnatal age, and renal function

Infants 0.4-0.6 4 10-20 every 6-8 hr

Children and adolescents 0.5-0.76 2-3 10-20 every 6-8 hr

Children with cystic fibrosis 0.63 2-3 10-20 every 6-8 hr

Adults 0.4-1 4-6 15-20 every 8-12 hr

Neonates: @ Cliena Children > 1 yr ﬁ Clrena




S

Farmacocineética
neonatos vs adultos

neonato
VS farmacocinética  exemplo
adulto

Vd N o penicilinas
sulfonamidas

opp T fragéo livre teofilina
metabolismo JCI teofilina

excrecao TAUC gentamicina
Tt



Prediction of drug
Bod Obs CL - -
S—— s SN s clearance in children
from adults:

Morphine
<1 week 3.5 1.365
1 week to 2 months 3.9 2.106
2—6 months 6.2 7936
0.5-2.5 years 7.2 9.360

Adult 70 61.600 CL in the child = adult CL

Fentanyl
<Tmonth 3.2 3.104 X

e o3 037 (weight of the child/70) 075

Adult 70 56.000

Remifentanil
2-12 years 18 63.360 @
Adult 70 172.900
Bupivacine
1-21 days 3.2 0.704 3.183
"~ 5.5-10 years 23 17m
Adult 70 32.200
Midazolam

1-7 days (premature) 2 0.149 1.925

1-7 days term 3 0.300 2.609 . .
34-41 weeks (gestational) 3.1 1.264 2.674 DOSlng rate = CL X CSS
[Vean 5.2 years 7.3 0.Z60 0.70¢

Aduft 70 27.700




F‘%’“P Use of medicines 1in older adults

Older adults: > 65 years old

Dosing rate

Css = —
- Clearance

“START LOW, GO SLOW”




Age-related pharmacokinetic changes

iTny

increase in decrease in decrease in decrease in

body fat plasma volume total body water intracellular

body fluid
8 % 17 % 40 %
35 %

B 20 years
Bl 65 - 80 years




Cardiac output (L.min)
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Liver blood flow (L.h)
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Pharmacokinetics

PK Process Age-related change Impact Clinical Consequences
Increased gastric pH
Delayed gastric emptying
Absorption geduced Zpli)mhntlf: bloo?fﬂow Slightly decreased May impact Tpya and C
p ecreased absorption surface SrerriEos y imp max max
area
Decreased gastrointestinal
motility
Increased body fat Increased V and ty; of lipophilic
Reduced body lean mass drugs
e e Increased plasma concentrations of
Altered volume of water-soluble drugs
. distribution Increased free-fraction of highly
b es Reduced serum albumin . -
Distribution protein-bound acidic drugs

Increased al-acid glycoprotein

Decreased free-fraction of basic
drugs

Decreased cerebrovascular P-
glycoprotein (P-gp) functionality

Altered blood-brain
barrier permeability

Excessive levels and prolonged
residence of drugs and xenobiotics
in the brain

Metabolism

Reduced hepatic blood flow
and overall liver mass

Less effective first-
pass and phase |
metabolism

Increased bioavailability of drugs
undergoing extensive first-pass
metabolism or reduced
bioavailability of drug, which need
to be activated in the liver

Excretion

Reduced renal blood flow

Reduced glomerular filtration
rate

Increased filtration fraction

Impaired renal
elimination of
water-soluble
drugs/ metabolites

Increased volume of distribution for
water soluble drugs and enhanced
risk of ADRs especially for drugs
with a narrow therapeutic index
(e.g. digoxin, aminoglycosides)




Darunavir pharmacokinetics
e according to age

Boosted darunavir

Younger (n = 4) Aging (n=5)

63 162-64) /316/-76)
(ng/mil) ‘7963 (7139-8787) 7809 (5695-10652)
4651 (4558-4743)

[ (D) 1.6 (0.9-4) 3 (1-4)
AUCq. (ng.hVml) 68197 77500

(57 790-78 605) (55541-121893)

934658

(33431-35885)
ty» (h) /7.1 14.9-9.7) 17.614.4-44 4)
CL/F (I/h) 17.3 (15.3-20.8) 10.3 (6.6-21.6) |
V/F (I) 170.3 (145.6-235.1) 371.5 (109.0-441.3)

Age

(

max




Y- Influencia da idade
Metabolismo

Fac@g—cnz-cnz—cm-cHz-o—c:Hs Fluvoxamina
N_O_CHZ‘C Hg‘NHz \
CYP2Dé6

CYP1A2
o 20-40%
30-60 // \ F3C<©>—%—CH2-CH2—CH2‘CH2'O—CH3

N—OH

FaC @—'C—C Hp-CH;—CH,-COOH FgC‘@‘ﬁ}—CHQ-CHQ—C Hy-CHa-O—~CHg

Il
N‘O_CHQ'C H2'NH2 N_O_CHZ'C HZ'OH
Major metabolite

Young Subjects (Mean Age 35 Years) Elderly Subjects (Mean Age 73
(n=10) Years) (n=10)

Pharmacokinetic Parameter

AUC (ng-h/mL) 304484 885560

CL/F (L/h/kg) 2.2540.66 1.1240.77%%*

tiz2(h) 129464 21.246.2%*

Cw (ng/mlL) 314£19*%

| P (h) 4‘2'8).

*P<0.05;**P<001:***P <0.001 vs. young subjects.




%:E ~ Funcao renal
influéncia da idade

idade clearance da creatinina (mL/min)

homens mulheres

120 102
85 72
50 43




B Influencia da idade

Meia-vida, clearance e dose de manutencao

(Maintenance Dosing Rate/kg)/
(Maintenance Dosing Rate/kg in Adult, Age 55)
or

Half-life/(Halt-life in Adult, Age 55) (Glearance/kg)/(Clearance/kg in Adult, Age 55)

125
- 2.0
L 15

- 1.0

- 0.5

T T T T 0
0123456 7 8 9102030405060 708090100
Age (years)

[ Infant  chilg Adult Elder
X jH IR — ¥
eonate




RV EXERCICIO 2

A figura abaixo representa a variagado do clearance do antibidtico ceftriaxone em pacientes de 1 dia a 92 anos de
idade. Em pacientes adultos jovens o antibiético é eliminado por excreg¢ao renal (50%) e por excregao biliar (50%).
Discutir as alteragcbes observadas em neonatos (< 1 més), criancas de 1 a 5 anos e pacientes idosos (> 65 anos)
assim como as possiveis implicagdes no regime de dosagem.

Sobrepor na figura as alteragdes esperadas na meia-vida de eliminagao em funcao da idade considerando que a
distribuicdo do antibiético permanece inalterada.
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