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Vyvojova toxicita

« Je vlastnost latek/IécCiv, kterd se projevuje nepfriznivymi ucinky na embryo/plod
Ci nedospélého jedince.

« Zahrnuje efekty vyvolané nebo manifestované prenatalné i ty efekty, které byly
vyvolané Ci manifestované postnatalneé.

« Embryotoxicita/ Fetotoxicita — toxicky vliv na zarodek ¢i plod vyvolany
prenatalné.
Zahrnuje strukturdlni i funkéni zmény, smrt zarodku/porod mrtvého ditéte, ristovou
retardaci

« Teratogenita — konkrétni pripad emryo/fetotoxicity. Schopnost daného faktoru
indukovat vrozenou vyvojovou vadu / navysit frekvenci vyskytu vady v populaci.

 Vrozena vyvojova vada — je pfitomna pfi narozeni, muze byt ale popsana i
pozdéji (v CR do 15 let).



Vrozené vyvojové vady (VVV)

U¢inek teratogenu
Celkové se rodi 3%-5% déti s vrozenou vyvojovou vadou (VVV). Z tohoto celkového poctu VVV jsou 2%-3%

zplsobené teratogeny. Metabolickd imbalance matky
1%

Virova |n;e‘/§‘ﬁgmlg VVV

® Nezndmd @ Genetickd @ Virovd infekce matky @ Metabolickd imbalance matky @ Ucinek teratogenu ° 2-3



Teratologie - historie

« Hale 1933 — Nedostatecna dieta (deficience vit. A) u prasnic vede k
narozeni selat bez oci

e Gregg 1941 — souvislost mezi epidemii zardének a zvysenym vyskytem
VVV u potomku u Zzen téhotnych v dobé epidemie

e Toxoplazmodza & hydrocephalus

e 1961 - Thalidomid



Thalidomid

« Uveden na trh v Némecku v roce 1957 jako mirné sedativum, na |écbu nevolnosti
(registrovany nazev Contergan)

« Volné prodejny a doporucovany pro tehotné

e 1961 - prvni hlaseni malformaci spojenych s uzivanim Iéku v rané fazi
téhotenstvi

e Chybéni prsti/koncetin, fokomelie (phocomelie) — jeden prst ¢i zdanlivé
normalni ruka nasedajici primo na trup, deformity oci, srdce, traviciho traktu,
vyluCovaci soustavy, hluchota, slepota

« Némecko 5,000-7,000 pripadu fokomelie, celkem celosvétové 10,000 (40-50%
mortalita)

o Dnes nova registrace thalidomidu: |écba mnohocetného myelomu a lepry
« Mechanismus ucinku: anti-angiogenni ucinek, oxidativni stres



Co odhalila thalidomidova aféra

« Placenta nejsou ,zelezna vrata® bezpecné uzavirajici plod a chranici jej pred xenobiotiky v
téle matky

« Nedokonala prediktivni hodnota experimentalnich modeli:

Davka zpUsobujici malformace je u ¢lovéka (a primatu) velmi nizka v porovnani
s pouzivanymi zvifrecimi modely (potkani)

0,1 mg/kg versus 20-300 mg/kg
Rozdily mezi lidskou placentou a placentou hlodavci

« Dllezity je Cas expozice - teratogenni okno

« NedostatecCné dosavadni hodnoceni bezpecnosti l€Civ



Teratogeny

« Zareni (mikrocefalie, katarakta, hypotrofie)
e Mechanické poskozeni - napr. utlak plodu pri ubytku plodové vody
« Vysoka teplota (rozstép neuralni trubice)

e Chemické latky
e LécCiva

« Toxoplazmoza (porucha CNS, zraku)

e Rubeola (hypotrofie, mikrocefalie)

« Cytomegalovirus (poskozeni CNS)

e Herpesviry (zvysené riziko odumreni plodu, VVV CNS)



Rozdily ve vhimavosti k teratogenezi ‘

Fenotypova variabilita

 Vétsina teratogenll nezplisobuje jeden konkrétni znak/postizeni
« VVétSina teratogenu naopak zpusobuje charakteristické spektrum malformaci
o Konkrétni projev se muze mezi postizenymi jedinci lisit

Variabilita ve vhimavosti

« Jen u ¢asti novorozencu vystavenych in utero teratogenim se opravdu
projevi nezadouci efekt

« Napr. anitepileptikum hydantoin: pouze 10% s novorozencu vystavenych in
utero hydantoinum ma VvV




Rozdily ve vhimavosti k teratogenezi

e Fenotypova variabilita a variabilita ve vnimavosti k teratogenezi jsou
dany variabilitou genotypovou

« Genotypova variabilita zarodku ovlivahuje vnimavost k teratogenezi a
predisponuje jej k vetsi nebo mensi vnimavosti

« Tato genotypova variabilita je polygenni = Ucastni se ji mnoho genu, s
razné velkym relativnim ucinkem, uplatiiuji se i vzajemné interakce mezi
konkrétnimi alelami genu

« Kromé genotypove variability zarodku se uplatnuje i variabilita na strané
matky a vzajemné interakce mezi genetickou vybavou matky a plodu



Co ovlivauje vnimavost k teratogenezi

« Nacasovani teratogenni expozice
« Genotypova variabilita zarodku a matky, jejich vzajemna interakce

e Pohlavi zarodku



Nacasovani expozice teratogenni latce

Thumb aplasia

Hip dislocation

Amelia, arms

Phocomelia, arms

Preaxial aplasia, arms

Amelia, legs

Preaxial aplasia,
legs

Femoral, hip
hypoplasia

Phocomelia, legs

Triphalangeal thumb

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Days post conception
Teratogenni ucinky thalidomidu v zavislosti na ¢asu expozice.

e Souvislost terat. ucinku s

nacasovanim expozice se nazyva
teratogenni okno, kriticka perioda

e Teratogenni okno je okamzik
maximalni zranitelnosti
vyvijejiciho se plodu, ve kterém
staci jednorazové podani
teratogenu pro vyvolani prislusné
malformace.



Nacasovani expozice teratogenni latce

Na obrazku je
predstava o
plUsobeni
teratogenu, ktera jiz
neni zcela platna.

Nové poznatky
ukazuji, ze
teratogeny v
prvnich dnech po
oplozeni maji
vyznamné efekty.
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Nacasovani expozice teratogenni latce

o Prenatalni a rana expozice

Poruchy: chovani, reprodukce, endokrinnich funkci, imunitni
kompetence, metabolismu xenobiotik, schopnosti ucit se, ...

e Organogeneze

Predevsim strukturni malformace

Negativni efekt na primordialni zarodecné bunky
» Fetalni obdobi

Néekteré formy strukturnich malformaci, poskozeni fce jiz vyvinutych
organu (napr. Inhibitory ACE), funkéni poskozeni, transplacentarni
karcinogeneze (DES — diethylstilbestrol - daughters), omezeni riustu plodu,
predcasny porod, porod mrtvého ditéte, ...



Qéa!vém' expozice teratogenni latce
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Epigenetika 1. ‘ : ‘

Z reckého epi = okolo / nad / kolem

Popisuje dynamické zmeény transkripcniho potencialu bunky beze zmény
nukleotidové sekvence

Epigenetické mechanismy — methylace DNA, modifikace histon

Methylace DNA — methylace cytosinu v CpG dinukleotidech

CpG ostruvky se nachazeji predevsim v regulacnich oblastech genu — jejich
methylace brani vazbé transkripcnich faktoru — inhibice transkripce — funkéni
umlceni genu

o Epigenetické mechanismy se uplatnuiji pri diferenciaci bunék, nastavuji a udrzuiji
konkrétni expresni profil daného bunécného typu

« Epigenom = genom vcetné epigenetickych zmén



Aging
Diet

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

(é) METHYL GROUP

EPIGENETIC MECHANISMS

are affected by these factors and processes:
» Development (in utero, childhood )

+ Environmental chemicals
Drugs/Pharmaceuticals

HEALTH ENDPOINTS
« Cancer

-y + Autoimmune disease
* Mental disorders
* Diabetes
/""
/ EPIGENETIC
CHROMATIN
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DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes.
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Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA

to be activated.

Wikipedia.org



Enviromentalni epigenetika

« Popisuje souhru mezi vnitrnim (hormony, imunitni systém) i vnéjsim prostfedim
(chemikalie, |éCiva) a epigenomem

« Epigenom je citlivy na dysregulaci po cely zivot, ale nejvice behem
embryonalniho vyvoje, coz je obdobi nejen rychleho déleni bunék ale také
remodelace epigenomu

e Po oplozeni, pred implantaci dochazi k demethylaci genomu (kromé
imprintovanych genu)

« V obdobi 5-7 dni po oplozeni je genom (kromé imprintovanych gena)
methylovan de novo



364 F. Perera, |. Herbstman / Reproductive Toxicology 31 (2011) 363-373
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Fig. 1. There are multiple periods during which environmental exposures could affect the F, individual’s methylation status, potentially affecting the F, phenotype. The
first window is during Fo (parental) germ cell development when methylation is reprogrammed following imprint erasure in the father's sperm (solid blue line) and the
mother’s egg (solid red line) The second window is post-conception, during Fi embryonic development, when all but imprinted genes are demethylated, with the male
germ line (dashed blue line) demethylating more quickly, followed by the female germ line (dashed red line). Imprinted genes (purple line) maintain their methylation
marks throughout this reprogramming, allowing for the inheritance of parental-specific monoallelic expression in somatic tissues throughout adulthood [203]. All of the
non-imprinted genes are subsequently remethylated once the embryo reaches the early blastocyst stage. During the gonadal sex determination of the F; embryo, primordial
germ cells undergo epigenetic reprogramming, where parental imprinting is erased, as the germ cells of the F individual mature (solid light blue or pink line).’

Perera and Herbstman, 2011



Genotypova variabilita zarodku a matky,
jejich vzajemna interakce

Genetic susceptibility to teratogens: State of the art
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ABSTRACT

There is evidence that the susceptibility to the teratogenic effect of drugs within human populations
varies extremely from one individual to another, even after identical exposures. One of the factors that
may explain these interindividual differences is the genetic makeup in the pharmacokinetics and phar-
macodynamics of the respective drugs. In fact, both maternal and embryonic/fetal genotypes can affect
placental transport, absorption, metabolism, distribution and receptor binding of an agent, influencing its
teratogenicity. We have reviewed the literature and commented on the reported correlations between
genetic factors and drug-induced birth defects. There is still a clear lack of knowledge regarding this
issue and the available data are often conflicting. However, the identification of specific polymorphisms
associated with predisposition to teratogenesis may allow in the future the development of personalized
non-teratogenic therapies for pregnant women.

© 2012 Elsevier Inc. All rights reserved.




Genotypova variabilita zarodku a matky, jejich
vzajemna interakce

e Farmakokinetika — se zabyva tim, co déla télo s |éCivem
« farmakodynamika — co déla |écCivo s télem

e Farmakokinetika
Popisuje osud léCiva od podani az po jeho vylouceni
Absorpce
Distribuce
Metabolismus
Eliminace



Genotypova variabilita zarodku a matky, jejich
vzajemna interakce

Farmakokinetika v téhotenstvi — plod
e Placenta — lipidova bariéra — lipofilni latky rychlejsi prostup nez hydrofilni

e Pasivni difuze — neoionizovana léCiva o malé molekulové hmotnosti rychleji nez ionizovana a
|éCiva o vétsi mol. hmotnosti (nékteré velké molekuly pres placentu nepfechazeji — naptr.
heparin, insulin)

« Aktivni transport

e Po dostatecne dlouhé dobé se koncentrace vétsiny |éCiv na obou stranach placenty vyrovna =
tj. koncentrace v kompartmentu plodu je stejna jako v krvi matky, coz je vétSinou nezadouci

Absence detoxikacnich mechanismu (Ci velmi nizka mira)

Absence hematoencefalické bariéry

Absence eliminacnich mechanismu (eliminace do plodové vody, moznost  hromadéni
|éCiva)



Genotypova variabilita zarodku a matky, jejich
vzajemna interakce

Farmakokinetika v téhotenstvi — plod

Efluxové pumpy

Aktivni transport latek ven z kompartmentu plodu

U&innost je dana lipofilitou Ié¢iva

Hydrofilni [éCiva, ktera jsou substratem efluxnich pump — vhodnéjsi pro uziti v téhotenstvi
LécCiva, ktera nejsou substratem efluxnich pump jsou vhodna pro cilenou |é¢bu plodu

LécCiva, ktera se vylucuji v nezménéné podobé a koncentruji se v plodové vodé mohou
recirkulovat (mohou byt znovu spolknuta) jsou také vhodna pro cilenou |é¢bu plodu (napr.
antivirotika, antibiotika pfi prevenci prenosu HIV z matky na plod)

Pri vybéru léCiva je vzdy treba vzit v potaz existenci inter-individualnich (farmakogenetika) a
intra-individualnich rozdil(i v aktivité pump a ostatnich enzym( placenty



Genotypova variabilita zarodku a matky, jejich
vzajemna interakce

ABSTRACT: Congenital abnormalities and impaired development
in childhood are attributable to fetal exposure to antiepileptic drugs
(AEDs). Pregnancy registries set up to obtain information about the
potential risks of fetal exposure to AEDs, in particular major con-
genital malformations (MCMs), suggest that valproate exposure in-

Understanding the mechanisms of variable

creases the frequency of congenital malformations more than other SUSCEDtibility IS key to |dent|fY|ng hlgh'ﬂSk mother-
AEDs. Furthermore, follow-up studies have drawn attention to cog- infant pairs.

nitive impairments in later childhood after prenatal exposure to

valproate. Fetal exposure to AEDs may be influenced by drug Finnell, 1999: Teratology: General considerations and principles

transporting proteins in the placenta, including P-glycoprotein (P-gp),
multidrug resistance protein (MRP) 1, and breast cancer resistance
protein (BCRP). Their location in the syncytiotrophoblast plasma
membrane, at the interface of the maternal and fetal circulations,
allows these transport proteins to efflux xenobiotics back to the
mother and offers the fetus protection from medications taken during
pregnancy. Genetic variations in the expression and activity of these
transport proteins may influence fetal exposure to AEDs and thus the
risk of teratogenicity. Identification of a hierarchy of haplotypes
ranging from susceptible to protective of congenital abnormalities

could assist genetic counseling, in assessing fetal risks from exposure
to AEDs. (Pediatr Res 62: 120-127, 2007)

Antiepileptic Medication During Pregnancy: Does Fetal Genotype
Affect Outcome?

DIANE E. ATKINSON, SOPHIE BRICE-BENNETT, AND STEPHEN W. D’SOUZA
Division of Human Development, The Medical School, University of Manchester, Manchester, M13 OJH, United Kingdom
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Fig. 1. Prevalence of major congenital malformations for different anti-seizure medication monotherapies. Prevalence of major congenital malformation for different anti-
seizure medication monotherapies: we performed a pooled analysis (data shown above) with data extracted from the summary Table 1 of the 2019 international league
against epilepsy task force on women and pregnancy report, which was originated from the data published from recent 3 major registries: The North American Antiepileptic
Drug Pregnancy Registry, UK Epilepsy and Pregnancy Registry, and EURAP international registry.[80] The x axis reflects different anti-seizure medications. The y axis reflects
the percentages of major congenital malformation.

o ZvysSuji riziko VVV trojnasobng,
u kombinované terapie az
desetinasobné

Current
Challenges

« Nelécena epilepsie zvysuje
riziko VVV zpravidla vice nez
samotné |éky

Future
Directions

e =>prevod na monoterapii

e =>nejnizSi mozna ucinna davka

« =>prevence VVV - kyselina
listova

Antiepileptika

WWE = women with epilepsy

Higher risk of
neurodevelopment
disorder

Higher risk of congenital

Higher OB risk malformation

during pregnancy

¥

Utilization of functional scores for all possible SN'Vs at interest genes.
to help guide anti-seizure medication choices and dose titration
during pregnancy

* Whole genome Design of genome-wide genotyping and polygenic risk scores for
Epigenetics/DNA methylation predicting women with epilepsy’s OB risks.
* Other omics studies
G ion of algorith bining intrinsic genetic variants and
other external exposure factors to evaluate risk of epilepsy women's
offspring’s long: develop 1 at individual level

Fig. 2. Current challenges and future directions of precision medicine for WWE during epilepsy. The top panel of the figure shows examples of major challenges that WWE
and their children might encounter. The bottom panel of the figure lists current diagnostic tools to help facilitate precision medicine (pink box) and conceptualized examples
of future research approaches utilizing precision medicine to help predict the risk of adverse events associated with pregnancy for WWE (green box). WWE: women with
epilepsy. SNV: single nucleotide variant. OB risks: obstetric risks. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version

of this article.)



Alkohol

« Zpusobuje Fetalni alkoholovy syndrom (FAS) — typicka facialni dysmorfie,
psychomotoricka retardace, hypotrofie

 Vliv genetické predispozice matky: hraji roly geny kédujici enzymy
podilejici se na metabolismu alkoholu



Vnimavost k teratogenezi - pohlavi

Graf lll. Pocet zivé narozenych déti s vrozenou vadou,
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Vnimavost k teratogenezi - pohlavi

in the offspring that manifest as early as during infancy. Although gender differences

Gender Differences in the Outcome in offspring susceptibility have not been fully investigated, a number of longitudinal

studies indicate that male and female progeny exposed in utero to drugs of abuse show

Of OffSp ri n g Pren ata I Iy Exposed tO different vulnerabilities to deleterious effects of these substances in cognitive, executive,

Dru S of Abu se and behavioral domains. Here, we briefly review the existing literature focusing on
g gender differences in the neurobehavioral consequences of maternal exposure to
drugs of abuse. Overall, the data strongly indicate that male exposed progeny are
more susceptible than female to dysfunctions in cognitive processing and emotional
Department of Biomediical Sciences, Division of Neuroscience and Clinical Pharmacology, University of Cagliari, Cagliari, Italy regulation. However, insi ghts into the mechanisms d etermining this natural phenom enon

are not clirrentlv availahle Oiir analveia nromnta fiitiire investinations to imnlameant

Francesco Traccis, Roberto Frau and Miriam Melis*

Traccis et al. Gender Difference in Drug Exposure
CONCLUSION
BEHAVIORAL _ , _ _
COGNITIVE DEFICITS ADHD RISK PROBLEMS The literature here examined reveals gender differences in

immediate and long-term negative consequences of maternal
drug use on both cognition and behavior. When gender was
included as a variable, irrespective of the drug used, male progeny
appear more vulnerable to cognitive deficits and at risk of ADHD
from infancy through childhood (Table 1 and Figure 1). Notably,

these gender differences tend to disappear with age. However,
we cannat denict a clear nictiire far internalizinoe nrahleme

INFANCY

CHILDHOOD

ADOLESCENCE

FIGURE 1 | Heatmaps of neurobehavioral outcomes collectively identified as cognitive deficits (including executive function), ADHD risk, and behavioral problems,
with missing information on gender differences shown in gray. Outcome intensities are displayed as colors ranging from pink (female) to blue (male) shown in the key.
Gender differences were not observed in executive functions during childhood in offspring prenatally exposed to cocaine in one study only (Accornero et al., 2007);
therefore, the heatmap displays blue as a result of the larger number of consistent studies reporting that boys are more susceptible to exhibit deficits in cognitive
abilities when compared to girls (see text and also Table 1).




Mechanismus embryo/fetotoxicity

« Nadmérna / nedostate¢nd apoptoza

e Inhibice mitozy

« Poskozeni integrity / funkce DNA

« Omezeni biosyntézy - nedostatek prekurzoru, substratu
« Naruseni morfogenetickych pohybu

e Mechanické naruseni tkani

e Naruseni enzymatickych funkci



Mechanismus embryo/fetotoxicity

Interakce receptor — ligand (receptory pro hormony, ristové faktory, bunécnou
signalizaci,

Kovalentni vazba na DNA, proteiny

Porucha replikace, transkripce DNA nebo porucha fce proteinu
Peroxidace proteinu a lipidu

Zejména prostrednictvim volnych radikall, poskozeni fce proteinu

Inteference s thiolovymi skupinami proteinl (Casto v aktivnim, katalytickém
misté proteinu)

Rtut, kadmium

Inhibice proteinové funkce (inhibice katalyckého mista, regulacniho mista,
mista pro vazbu jinyvh makromolekul) Methotrexat, inhibitory ACE



VARV | o

Paternalni expozice IéCivum/chemikaliim

« MoZné cesty Ucinku (nékteré spise teoretické):
« Primé poskozeni spermii (napr. mutageneze), naruseni spermatogeneze Ci vyzravani
spermii, latka muze byt ve spermiich prenesena béhem oplozeni do vajicka

o Latka/lécivo muizZe byt pfi ejakulaci preneseno do téla matky a zde vstrebdno
posevni sliznici do obéhu. (Léciva vSak v semeni vétSinou dosahuji mnohem nizsich

koncentraci nez v krvi.)

o Pri pohlavnim styku po oplozeni se mohou skodlivé latky ze semene dostat primo k
vyvijecimu se embryu/plodu.

« DuleZité doporuceni pfi primarni prevenci VVV — pri léCbé muze toxickymi |éCivy pouzivat
kondom, s planovanym téhotenstvim pockat 2 spermatogenni cykly (6 mésicu)



Posouzeni embryo/fetotoxicity

« Nova léciva

e Preklinické hodnoceni |éCiv - Experimentalni studie na laboratornich zviratech a
extrapolace vysledku na bezpecnost pri pouziti lidmi.

e Problém: ne vSechna |éCiva toxicka pro zvirata jsou toxicka pro cloveka a
naopak. Otazka velikosti davky.

 Klinické studie na tehotnych nejsou povoleny

« Léciva jiz na trhu

e Epidemiologické studie

e Zaznamenavani a sbér informaci — registry VVV celosveétove
e Prospektivni studie

e Kohortové studie



Posouzeni embryo/fetotoxicity

o« WEC test — Whole embryo culture test

e Potkani nebo mysi embrya stara 9,5 dne
o Kultivace 48 hodin

o s testovanym |léCivem, koncentracni rada
o pozitivni kontrolou — 5-fluorouracyl

« Negativni kontrolou — penicilin

e Hodnoti se: rustové parametry, morfologické znaky, pritomnost
malformaci



Posouzeni embryo/fetotoxicity

o FETAX — Frog Embryo Teratogenity Assay Xenopus

e Drapatka vodni — Xenopus laevis
« Test probiha na vajiccich a ranych embryonalnich stadiich

e Hodnoti se: uhyn, malformace

 Dalsi testy: Ryby, obojzivelnici
e \'vhoda — velky pocet vajicek



Posouzeni embryo/fetotoxicity

« Obojzivelnici i ryby jsou cloveku vyvojové vzdaleni
e Vhodnéjsi jsou SavCi modely
e Oblibeny model — mys — nemusi byt dostacujici

e Thalidomidova aféra prokazala nutnost testovani na
primatech (Thalidomid — testy na potkanech)



Posouzeni embryo/

fetotoxicity

Typ placenty

d Epitheliochorial

(———————

[ Cow, pig, horse ]
Zdroj: Carter, 2006

b Endotheliochorial

C Hemochorial

S0 0@

[ Human, rodent ]

Table 1

Comparison of pregnancy and placentation in mouse and human

Mouse

Human

Implantation
Yolk sac

Secondarily interstitial
Inverted yolk
sac placenta functions

1O e

Primanly interstitial
Yolk sac floats
free in exocoelom

di |ring first rimester

Trophoblast invasion
of uterine arteries

Shallow; Imited
to proximal decidua

Extensive; reaching

myometrial vessels

Transformation of Dependent on matemal Dependent on

utermme arteries factors (uterine natural trophoblast
killer cells)

Placental exchange Labynnthine Villous

JdAred

Interhaemal barrer

Three trophoblast
layers; outer one
cellular, inner two
syncytial

Single layer

of syncytial trophoblast
(Langhans layer not
part of barner)

Trophospongium
Placental hormones

Gestauon

Extensive
Placental lactogens

Three weeks

Absent

Chononic gonadotropin,
chononic somato-
mammotrophin,

placental growth

hormone; major source

of progesterone

Nine months ipg

http://www.frontiersin.org/files/Articles/52035/fnana-07-00022-HTML/image_m/fnana-07-00022-g002.jpg
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LécCiva v tehotenstvi

« K reseni situace je potreba pristoupit rizné podle toho v jaké situaci se zena
nachazi:

« 1) Pfed pocetim nebo pred samotnym uzitim |léCiva/pred rozhodnutim které
|éCivo vybrat

« 2) V téhotenstvi pokud uz expozice |éCivu probéhla

« 3) Pokud se narodi dité s VVV a zena uzivala v tehotenstvi |éky
Vyskyt malformaci v populaci 3-5 %



Léciva v
téhotenstvi

FIGURE 1
BDS: secular patterns of use of any medication at any time
during pregnancy and restricted to the first trimester

5

mean # of drugs
N w

.

0

1976- 1979- 1982- 1985- 1988- 1991- 1994- 1997- 2000- 2003- 20086-
1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008

Any time in pregnancy 1st Trimester
—9&— Mean —— Mean
=% taking 4+ . Y taking 4+

BDS, 1976-2008, Boston and Philadelphia centers. Secular patterns of use of any medication at any
time during pregnancy and restricted to the first trimester. Average number of medications and
proportion of women taking 4 or more medications (n = 25,313) is shown.

Zdroj: Mitchell et al.: Medication use during pregnancy, with particular focus on prescription drugs: 1976-2008
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LécCiva v tehotenstvi

« Volime radéji monoterapii nez kombinaci |[éCiv.

« VVolime |éCiva, ktera jsou déle na trhu. Vyhybame se také ,,inovovanym® |éCivym
latkam.

o Vyhybame se |éCivum, u kterych nezname vliv na plod (potencialné skodlivy)
pokud nemaji jasné prokazatelny ucinek (plati i pro potravni doplnky).

eVvVVvV/

e VVSeobecneé k terapii zen v reprodukcénim veku:
e Dotaz zda neni téhotna ¢i tehotenstvi neplanuje

« Dlouhodoba lécba IéCivy bez teratogennich ucinku (pokud to je mozné) v
opacném pripadeée kontracepce



Léciva v téhotenstvi

e Vzdy nutné individualni,
komplexni posouzeni situace.

o Zvazit zda je mozna jina nez
medikamentdzni terapie.

e Pozor na nemoci, které bez
medikamentozni [éCby, jsou
vetsim rizikem pro plod nez
samotna terapie: epilepsie,
diabetes, deprese i horecka

Vyskyt vrozenych vyvojovych vad po expozici vyssi teploty v

rizikovych obdobich téhotenstvi

Encefalokéla

3 — 4 tyden téhotenstvi

Mikroftalmie

4 — 7 tyden téhotenstvi

Rozstépy rtu

4 -7 tyden t€hotenstvi

Mikrocefalie

18 — 26 tyden téhotenstvi

Srdecni vady

5 — 6 tyden téhotenstvi

Talipes equinovarus

7 — 20 tyden téhotenstvi

Polydaktylie

7 — 15 tyden téhotenstvi

Zdroj: Vasut, Léky v téhotenstvi



Léciva v téhotenstvi

Drive pouzivané kategorie |éCiv v tehotenstvi dle FDA:

A Kontrolované studie u téhotnych nepotvrdily riziko poskozeni plodu

B Studie na zviratech nepotvrdily riziko, kontrolované studie na téhotnych nebyly provedeny

C Prokazatelné teratogenni nebo embryocidni efekt u zvirat, studie na téhotnych nebyly
provedeny; pfipadné nejsou dostupné udaje u zvifat ani téhotnych

D Existuji doklady rizika pro lidsky plod, ale z davodu nenahraditelnosti v kritickych situacich
muze byt lék podan

X Riziko podani léku jednoznacné prevazuje nad prospéchem

Zdroj: Ceska lékarnickd komora



Use of OTC Pain Medications in Pregnancy

FDA pregnancy risk

classification by trimester Crosses
7 we Drug name  (1st/2nd/3rd) Drug class placenta? Use in pregnancy
L e C I Va V Acetaminophen B/B/B Non-narcotic Yes Pain reliever of choice
(Tylenol) analgesic/antipyretic
% V4 Aspirin D/D/D Salicylate Yes Not recommended
te h O te n Stv I analgesic/antipyretic except for specific
indications™®
Ibuprofen BBD NSAID analgesic  Yes Use with caution;
(Advil, Motrin) avoid in third
trimester ¥
Ketoprofen B/BD NSAID analgesic  Yes Use with caution;
(Orudis) avoid in third
trimester ¥
Naproxen B/BD NSAID analgesic  Yes Use with caution;
(Aleve) avoid in third
trimestert

OTC = over-the-counter; FDA =U.S. Food and Drug Administration; NSAID = nonsteroidal anti-
inflammatory drug.

*—Associated with increased perinatal mortality, neonatal hemorrhage. decreased birth weight, prolonged
gestation and labor, and possible teratogenicity.5

T—Associated with oligohydramnios. premature closure of the fetal ductus arteriosus with subsequent
persistent pulmonary hypertension of the newborn, fetal nephrotoxicity, and periventricular hemorrhage 6

Information from Collins E. Matemal and fetal effects of acetaminophen and salicylates in pregnancy.
Obstet Gynecol 1981:58(5 Suppl):575-62S. and Macones GA. Marder SJ, Clothier B, Stamilio DM. The
controversy surrounding indomethacin for tocolysis. Am J Obstet Gynecol 2001:184:264-72.



\A\ Kontrolované studie u téhotnych nepotvrdily rizi

ko poskozeni plodu

B Watech nepotvrdily riziko, kontrolované studie HGWW provedeny
C Prokazatelné tera i nebo embryocidni efe ffat, studie na téhotnych nebyly

HIFS_J RN L

provedeny; pfipadné nejsou dos

D Existuji doklady rizikapro lidsky plod, ale z divo
gze byt Iék podan

/X/ Riziko podani léku jednoznacné prevazuje nad p

e u 2Vt

The A, B, C, D and X risk categories, in use since 1979, are now replaced with narrative sections and
subsections to include:

Pregnancy (includes Labor and Delivery):

Pregnancy and Lactation Labeling
Rule (PLLR) platny od roku 2015 rusi
kategorie A,B, C, D, X a nahrazuje je

textem, ktery obsahuje

Pregnancy Exposure Registry

Risk Summary

Clinical Considerations

Data
Lactation (includes Nursing Mothers)

* Risk Summary
e (Clinical Considerations

e Data
Females and Males of Reproductive Potential

* Pregnancy Testing
e Contraception

e Infertility




Léciva v téhotenstvi

LEK RIZIKO
fenytoin, karbamazepin, valproat defekty neuralni trubice (spina bifida)
4 \/ lithium srdeCni malformace
P ro ka ZatEI ne te ratoge n v warfarin kostni deformity, chondrodysplazie, defekty CNS
retinoidy defekty CNS, srdce, koncetin, jater
danazol a ostatni androgeny virilizace, pseudohermafroditismus
cytostatika malformace koncetin a CNS
LEK RIZIKO
inhibitory ACE renalni selhani, oligohydramnion
beta-blokatory (atenolol) zpomaleni rastu
thyreostatika hypothyreéza
benzodiazepiny, barbituraty, opioidy vznik zavislosti, utlum CNS
nesteroidni antirevmatika konstfukce ductus arteriosus
anticholinergika novorozenecky mekoniovy ileus
1 / tetracykliny poruchy vyvoje skloviny, kostni hmoty
FetOtOXICky efe kt warfarin intrakranialni krvaceni
kyselina acetylsalicylova (vyssi davky) neonatalni krvaceni
peroralni antidiabetika novorozenecka hypoglykémie
cytostatika

Zdroj: Ceska lékarnickd komora






