
Causes and mechanisms of birth Causes and mechanisms of birth 
defectsdefects  

Miroslav PeterkaMiroslav Peterka  

Department of Teratology, Institute of Experimental Medicine ACSR, PragueDepartment of Teratology, Institute of Experimental Medicine ACSR, Prague



TeratologyTeratology
• TeratologyTeratology investigates abnormalities of physiological  investigates abnormalities of physiological 

development. It is often thought of as the study of birth development. It is often thought of as the study of birth 
defects. defects. 

• The term stems from the Greek τέρ ς (térasᾰThe term stems from the Greek τέρ ς (térasᾰ , genitive, genitive  
τέρ τος- tératos), meaning ᾰτέρ τος- tératos), meaning ᾰ monstermonster, or , or marvelmarvel (miracle). (miracle).

  
• Birth defects (congenital malformations)Birth defects (congenital malformations) result from a  result from a 

negative influence of extrinsic or genetic factors on negative influence of extrinsic or genetic factors on 
individual individual prenatal prenatal development. development. 



HeraldryHeraldry documents many examples of serious monstrosities
 (often used as national or town emblems)





Birth defectBirth defect
Inborn deviation of a structure, function or metabolism. Inborn deviation of a structure, function or metabolism. 
It originates prenatally and its manifestation exceeds a It originates prenatally and its manifestation exceeds a 

threshold of normal variability in a species. threshold of normal variability in a species. 

• Major malformation -Major malformation - a serious structural disturbance,  a serious structural disturbance, 
monstrositymonstrosity  

• Minor malformation Minor malformation – a mild structural defect – a mild structural defect 
manifesting as a disturbance of function.manifesting as a disturbance of function.

• Metabolic defectMetabolic defect – enzymopathy – affection of enzymes  – enzymopathy – affection of enzymes 
– most often it is – most often it is a a decreasdecreasee of their catabolic activity of their catabolic activity



Major malformations



Spina bifida and myelo-meningoceleSpina bifida and myelo-meningocele



Partialy fused eyes  (uncomplete cyclopia)
and proboscis 



SirenomeliaSirenomelia



Polydactylia





Cephalo-thoraco-pagusCephalo-thoraco-pagus





ThoracopagusThoracopagus









Major malformationsMajor malformations

  originate during originate during embryonic period embryonic period 

of prenatal developmentof prenatal development



Human stages of life cycleHuman stages of life cycle
Prenatal period

Embryo                     1 - 8 weeks
Fetus                         9 weeks – birth

Postnatal period

Newborn                  birth - 4 weeks
Suckling, toddler      5 weeks - 2 years
Child                         2 years - puberty (11 - 14 years)
Teenage                   puberty - adult age (20 years)
Young age                20 - 40 years
Middle age                40 - 65 years
Old age                     65 - death



Determination of Determination of the the 

beginning pregnancybeginning pregnancy





Determination of pregnancyDetermination of pregnancy

• Positive determination of HCG Positive determination of HCG (human chorionic (human chorionic 
gonadotropin) gonadotropin) from urine (9 – 12 dayfrom urine (9 – 12 day after  after 
fertilizationfertilization))

• Verification of HCG from bloodVerification of HCG from blood

• Ultrasound Ultrasound investigation - determinationinvestigation - determination  of the of the 
place of embryo implantationplace of embryo implantation



Pregnancy lengthPregnancy length

• 280 days, 40 weeks – calculated from the 
first day of the last menstruation. 

• 266 days, 38 weeks – calculated from the 
day of fertilization. A child usually borns at 
about 38 weeks after conception. 











Prenatal and Prenatal and 
postnatal lossespostnatal losses



Death during prenatal and postnatal ontogenesisDeath during prenatal and postnatal ontogenesis

Men

Women
BirthBirth

Prenatal age in mothsPrenatal age in moths Postnatal age in yearsPostnatal age in years





Spontaneous abortionsSpontaneous abortions 

• Czech Republic 1965 – 1999Czech Republic 1965 – 1999

• AA – official statistics record – official statistics record no no  
abortions during abortions during the the first month first month 
of pregnancyof pregnancy

• BB – situation after – situation after  mathematical mathematical 
extrapolation of data extrapolation of data A A using using an an 
exponential curveexponential curve



CRITICALCRITICAL

PERIODPERIOD













Pierre Robin SyndromePierre Robin Syndrome



SENSITIVESENSITIVE
PERIODPERIOD



TIME

TIME

Critical period

Critical period

Sensitive period

Sensitive period



Threshold Threshold 
in  in  

TERATOGENESIS TERATOGENESIS 



Developmental defect (malformation, death, growth retardation)Developmental defect (malformation, death, growth retardation)



DOSES DOSES 
and and 

EMBRYOTOXICITYEMBRYOTOXICITY



Three components of embryotoxicityThree components of embryotoxicity

• Developmental defect - teratogenicityDevelopmental defect - teratogenicity

• Death of embryo/fetusDeath of embryo/fetus - lethality - lethality

• Growth retardationGrowth retardation









Head deformation and protrusion of eyes



Skin defects



Reduction deformity of limbs



CAUSES CAUSES 
of of 

BIRTH DEFECTSBIRTH DEFECTS









HUMAN HUMAN 
TERATOGENESTERATOGENES



A factor present in environment in such a 

concentration, which, in exposed population, 

significantly increases incidence of birth defects 

above their spontaneous frequency 

in un-exposed population.

Harmful environmental factorHarmful environmental factor



Teratogene

• A qualitative definition:
  
   Environmental factor of chemical, physical 

or biological nature. 

   It can induce a structural birth defect in 
exposed offspring, which is not hereditary.



Mutagene

• A qualitative definition:
  
   Environmental factor of chemical or 

physical nature. 

   It can induce DNA damage in exposed 
offspring. In case it also affects germ cells, 
the birth defect becomes hereditary. 







Number of newborns with malformation of the limbs (black) 
and quarterly thalidomide sales (white).





Frances Kathleen Oldham KelseyFrances Kathleen Oldham Kelsey
(she (she has prevented thehas prevented the thalidomide catastrophe in USA thalidomide catastrophe in USA))



Therapy of leprosy Therapy of leprosy 
by thalidomide by thalidomide 

+ + 
interdict of interdict of 

abortionabortion

(Brazil, 2002)(Brazil, 2002) 



VITAMINS



VITAMINS









Crash of atomic Crash of atomic 

reactor in  reactor in  

CHERNOBYL 1986CHERNOBYL 1986
Peterka et al., 2004, 2007Peterka et al., 2004, 2007



Number of newborn boys and girls in single month. 





Newborn sex ratio Newborn sex ratio 
=  =  

  proportion of newborn boys and girlsproportion of newborn boys and girls

105  :  100105  :  100



Percent of newborn boys in single month 
from 1950 to 1999. 

 





Chernobyl - history

• 26.04.1986 – explosion  in 01:23:44 hours. 

• 28.04.1986 – detection of  a radioactive cloud in Sweden 

(mainly 131I, 132Te, 103Ru, 134Cs, 137Cs)

• 30.04.1986 – detection of radioactivity in Czech Republic 

(mainly 131I, 132Te, 103Ru, 134Cs, 137Cs)



Černobyl - historie

• 26.04.1986 – exploze  v 01:23:44 hod. 

• 28.04.1986 – detekce radioaktivního mraku ve Švédsku (hlavně 131I, 
132Te, 103Ru, 134Cs, 137Cs)

• 01.05.1986 – západní státy zakazují dovoz potravin z ČSSR 

(přítomnost 134Cs a 137Cs)

• První týden v květnu 1986 – Rakousko nepřijímá naše kamiony a 

železniční vagony (kontaminace radioaktivním prachem) 

• 05.05.1986 – ČTK oznamuje mírné zvýšení radioaktivity

• 06.05.1986 – hl. hygienik ČSR vyzývá k zachování zásad osobní 

hygieny a umývání ovoce a zeleniny





Raining during the 1st radioactivity wave



Radioactivity (Bq/m2)

1.5.1986, 7:00 hours

• 103RU        4 000,0    
• 131I           50 000,0 
• 132Te        20 300,0 
• 137Cs          3 100,0
• 134Cs          1 500,0
• 140La           1 470,0 
• Total         80 370,0  

2.5.1986, 7:00 hours

• 103RU         40,0    
• 131I            196,0 
• 132Te         130,0 
• 137Cs           86,0
• 134Cs           46,0
• 140La            41,0 
• Total          539,0

Raining No raining





Radioactive half-time of radionuclides

• 140La   -    1.7 days 
• 132Te   -    3.3 days
• 131I      -    8 days
• 103Ru  -    1 year
• 134Cs  -    2 years
• 137Cs  -  30 years
• 90Sr    -  30 years







Number of non newborn boys in Number of non newborn boys in 
November 1986 corelate with November 1986 corelate with 

meteorological situation (wind and rain)meteorological situation (wind and rain)



30.4.

Raining

Wind + radioactive cloud



4.- 5.5.

Raining

Wind + radioactive cloud



7.- 9.5.Wind + radioactive cloud

Raining





- 161

- 199



- 44

- 41
- 35 - 47

- 161

- 199



+25

+27

- 44

- 41
- 35 - 47

- 161

- 199



Percent of non newborn boys – November 1986





Probable mechanisms of radiation effect on fetusesProbable mechanisms of radiation effect on fetuses

• Environmental radiation can cause thyroid disease (Eheman et al., Environmental radiation can cause thyroid disease (Eheman et al., 
2003).2003).

• Thyroid disease in pregnant woman can lead to abortion or neonatal Thyroid disease in pregnant woman can lead to abortion or neonatal 
death. death. 131131I is absolutely contra-indicated during pregnancy (Bishnoi I is absolutely contra-indicated during pregnancy (Bishnoi 
and Sachmechi, 1996; Ogris, 1997).and Sachmechi, 1996; Ogris, 1997).

• 131131I induces hypothyreosis I induces hypothyreosis in mothers in mothers and increases the risk of and increases the risk of 
premature delivery or  spontaneous abortion (Tatham et al., 2002).premature delivery or  spontaneous abortion (Tatham et al., 2002).

                                                                                                                    
• Brain development is sensitive to increased radiation during the 3rd Brain development is sensitive to increased radiation during the 3rd 

prenatal month (Yamazaki et al., 1990). prenatal month (Yamazaki et al., 1990). 







Selective accumulation of radioiodine Selective accumulation of radioiodine 
in the thyroid gland was  the most in the thyroid gland was  the most 
probable cause of the death of the probable cause of the death of the 

male fetuses male fetuses 
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