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                           Chapter: Introduction of   Teratology  

Teratology is derived from Greek word teratos which means demon or monster. Teratology can be defined as science that studies the causes, mechanism and patterns of abnormal development. 12. Teratological effects are produced by teratogenic factors which  include both non genetic and genetic factors that causes birth defects , traditionally term teratogenic is used to denote non genetic factors causing birth defects . Teratogens are substances that may cause birth defects via a toxic or adverse  effect on an embryo or a fetus. The study of human teratogenic exposure is relatively new one emerging dimension for study into medical sciences in just last 70 years 13.

General Information:-


Human interest in teratology has been longstanding, with Egyptian wall paintings depicting children with birth defects over 5,000 years ago.1 Birth defects can be defined as structural or functional abnormalities, including metabolic disorders, which are present from birth (WHO 2010) 2.  The term congenital disorder is considered to be same as Birth defects and the two terms are used interchangeably.3 In everyday clinics, clinicians who see women during pregnancy are always enquired about safety of particular medications. This helps clinicians to identify non genetic factors like medications that increases the risk of teratogenic effects can lead to development of strategies of primary prevention such as those developed for foetal alcohol syndromes following identification for alcohol as teratogen.4

March of Dimes (MOD) Global Report on Birth Defects worldwide claims that 7.9 million births occur annually with serious birth defects and 94% of these births  occur in the middle and low income countries like India, Pakistan , Bangladesh5 . According to joint World Health Organization (WHO) and MOD meeting report, birth defects account for 7% of all neonatal mortality and 3.3 million under five deaths.6  In India birth defects prevalence varies from 61 to 69.9/1000 live births and  birth defects are listed as the cause of death in around 7% of deaths among under-5 children. 7 

History of Teratology 

Since centuries people have been trying to explain developmental abnormality in human and animals  and hence  tried to develop different theories for it Insidore Geoffroy saint Hilaire a Physician from Paris France defined word “teratogen” in 1932 in histoire generale it particuliere deamonalis de L”organization  cezl Homme el less animaus ( General & particular History of structural monstrosities  in Man and Animals).18  In Babylon it was said that newborns with congenital malformations at birth are constellations in human forms and even fortune tellers19 . Hebrews said that abnormal development in newborn is due to persons association with devil. In 4th century BC Aristotle deemed birth defects as errors in reproduction than any supernatural occurrences . Aristotle and Hippocrates –as physicians of Greece claimed that pregnant women’s experiences or emotions as maternal impression can affects formation of fetus . This theory of “Maternal impression” persisted till 20th century 20,21,22. 
             At the beginning of 19th century Johann Friedrich Meckel, the Younger, Anatomist from Halle, Germany stated that deviation from normal process caused embryonic malformations. Meckel further stated that to understand abnormal development , one must understand normal embryological development of mammals and he further categorized  abnormal embryological development into 4 types -1.reduced or absent body parts  2.enlarged or multiple body parts  3.abberation of forms and of position  4. Hermaphroditism .52


                   In True sense, Teratology as modern  science born in 1930 with publication of experiments on pregnant pigs where Hale F  documented that  piglets suffered a variety of malformations as like lack of eyes due to vitamin –A deficiency . Hale F concluded that  nutritional deficiency might lead to  marked disturbances in internal factors controlling eye development in piglets.53,54                           . 


           Physician Josef   Wrakany who is considered as” Father of experimental Teratology” , proved that with his series of experiments in later 30’s and 40’s of 20th century that exogenous factors can induce structural defects in growing embryo 27,28, In further decades susceptibility of mammalian embryos  due to toxicity from xenobitiotic  agents , chemical agents  , psychical agents  has  been studied and role of radiation exposure , temperature  variability , hypoxia , hormonal imbalances , hypervitaminosis  are confirmed in teratogenic   process  for growing mammalian embryos resulting in congenital malformations.27-36


During early 1960 , Thalidomide tragedy represented the first case of substance producing minimal toxicity in adults but considerable toxicity in developing human embryos that characteristic congenital malformation of thalidomide embryopathy ( Amelia, phacomelia ,defects of external ears , facial hemangioma ,atresia of duodenum and teratology of Fallot ) manifested in 20%-30% children who’s mother has consumed drug at any point of pregnancy during last 4 years.17,37-39


             This major event is widely believed to be catalyst  that promoted regulatory agencies as like FDA ( United states Food & Drug administration ) to instigate dire need for  any new drug to be thoroughly tested on animals prior its approval for marketing for patients/pregnant ladies . In fact, articles written by Dr Frances Kelsey provided the foundation for modern day drug testing.41


              After  the major event of Thalidomide Tragedy, further  there were  2 more major events  taken place which bring attention of world community towards –Experimental Teratology . In 1970 it was observed that  adenocarcinoma of vagina in young women start occurring whose mothers had exposed to diethylstilbestrol ,during first trimester of pregnancy 42, The  3rdevent was epidemic of organomercurial poisoning that resulted from dumping of metallic mercury into Minmata bay of Japan  resulting in serious abnormal affects in the development of  postnatal life  and postnatal behavioral changes in affected children .43.



                As a result of this in 1994 International Conference of Harmonization of Technical requirements for Registration of Pharmaceuticals for human Use (ICH) a new internationally accepted guidelines set up citing recommendation of flexibility of study designs , kinetics , requirements of mechanistic studies and essentially equal emphasis on all end points (death ,malformations , growths )40
Table no- 1   showing Historical events in Teratology12-43
	Year 
	Historical  event  in field of Teratology

	1578–1657

1733–1794

1708–1777

1805–1861

1822–1899

1821–1902

1906–1999


1879-1936

1905


1921

1929

1935

1937


1941

1944



1948

1952



1959


1961
	W. Harvey--- used the term "developmental arrest”
C.F. Wolff-- in his study on the intestine, the term "germ layer" was coined that has been in use

to this day

A. von Haller--- was first to describe the development of the chicken heart,


I.G. de Saint-Hillaire--- was first to introduce the term "teratology",

C. Dareste-- discussed the modes of artificial induction of monstrosities (particularly by

mechanical impulses during incubation of hen eggs

R. Virchow-- gathered a unique collection of rare developmental disorders of the human body in the"Museum of Pathology" in the Berliner hospital Charité,

E. Schwalbe--defined the expression--"teratogenic termination point",



CH.R. Stockard-- introduced the term--"critical period".

Embryonic lethality induced by X-rays in cats (Tousey).The first experimentally induced teratogenicity in mammals.

Disorders in limbs in pigs induced by lipid diet (Zilva et al.).

The first description of malformations in humans caused byexogenous factors. Microcephalia caused by X-ray irradiation of the pelvis (Goldstein and Murphy).

Recognition of food deficiency leading to malformations in animals. Eye disorders in pigs due to hypovitaminosis A (Hale).

Hormones causing alterations in sexual differentiation in animmals. Masculinisation of femalefoetuses in mice due to the action of androgens (Raynaud).

Report on virus-induced human malformations. Rose-rash induced eye disorders (Gregg).

The first evidence of postnatal effect following prenatal administration of a chemical substance. Decreased learning ability inrats caused by the administration of sodium bromide (Hamiltonand Harned).

General recognition of chemically induced teratogenicity.

Experiments with alkylating agents (Haskin) and trypan blue(Gillman et al.).The first report on malformations caused by drugs in humans.Multiple malformations in foetuses caused by aminopterin(Thiersch). 

The first report on human malformations induced by environmental pollutants. Disorders of the central nervous system and dentition caused by methyl mercury (Kitamura et al.)                             .

Thalidomide-induced embryopathy


Principles of Teratology and Teratogenesis 


After Thalidomide tragedy Wilson in 1973 defined teratology as a science dealing with adverse effects of the environment on developing system as such germ cells ,embryo,fetuses and formulated concept of 6 main principles of Teratology that are accepted till date.44
1. Susceptibility to teratogenesis depends on the genotype of the conspectus and how it interacts with the environment –inter and intra species variability to a teratogent  is clearly evident in all teratological studies this might be due to different genetic constitution of species and each individual ,different  exposures of environmental factor .alongside basic differences in metabolic pathways and placental properties.45
2. Susceptibility to a teratogenic agent varies with the development stage at which the exposure occurs –the period of maximum sensitivity to a particular teratogen reciprocate with “critical period of organogenesis”(in case of humans –from day 22 to day 55) and some teratogen need to be exposed to pregnant mother   before this critical period of organogenesis so that they become activate .46,47
3. Teratogenic  agents act in specific ways(mechanisms) on developing cells and its sues to initiate abnormal embryogenesis (pathogenesis) –Teratogen result in pathology either through cellular apoptosis, breaking down normal process of embryo development through vasoconstriction , mitotic interference ,alternations in RNAof protein synthesis ,alternations in membrane transport system modification of cell surface or matrix that lead to altered cell migration or osmolar imbalances .48
4. The final manifestation of abnormal development are death, malformation ,growth retardation and functional disorder-as per the timing of teratogenic  exposure to embryo or fetuses  and amount of teratogen exposure there results in death, malformation ,growth retardation 49,50 during time of conception until implantation , insult  of embryo due to teratogen exposure  may result in death of concepts and miscarriage .During organogenesis period due to teratogen  exposure there is greatest likelihood of causing structural anaomaly as during period of organogenesis organ systems under development 6.After embryonic period and exposure of teratogen during fetal period may result in intrauterine growth retardation.50
5. Access of an adverse environment agent to developing tissues depends on the nature of agents (influences ) – various  factors affect the ability of a teratogen to contact a developing fetus such as nature of agents itself , route and degree of maternal exposure rate of placental transfer and composition of genotype of maternal and fetal genetics ,for example –Cigarette smoking and alcohol consumption  are such human teratogens whose –teratological effect –varies so differently as per maternal and fetal genotype .51,52
6. The manifestations of deviant development increase in degree as dosage increases from the no-effect to the lethal level –Exposure to teratogentic agent only result in teratogenic effect when a certain threshold does has been crossed53, nearly for every teratogen there is certain level of exposure needed below which no adverse effect to conceptus occur this is called as called as “No Observable Effect Level “ (NOEL)11. But above this threshold level teratogenic  effect  steadily keep increasing in dose response relationship which is then followed by plateau and this is one of the essential criteria to identify true  teratogen.54 

Mechanisms of Teratogenic Action                    .                    
 
        A teratogen can affect an embryo either by: cell death and  alteration in the rate of cell growth or both at same time .. When abnormal cell death occurs, there is a reduction in the normal amount of tissue or organ in which all cells had died or failed to survive. When cell growth is altered, slowed, or stopped, the effects are the same as when cell death.On other side accelerated cell growth, alter the path of a tissue or organ from its normal growth schedule. This phenomenon may result in congenital malformations such as spina bifida or Amelia.                      ..

Importance of Teratology in Medical Science                     . 
          Clinicians are always concerned  about potential teratogenic effects of medicine prescribed  during pregnancy with reference  of previous familial history of birth defects in their children.43 Hence from  the  perspective of clinician ,identification of non-genetic factors which increases the risk of adverse outcome lead to development of strategies for primary prevention 44. Although only 10% congenital anomalies are  caused by teratogen representing approximately  in every 1000 live birth that compromise quality of life for millions of individuals worldwide and cost billions of dollars in health care every year. 16,17 Major birth defects include congenital heart defects, neural tube defects (NTDs) ,Down syndrome,  hemoglobinophathies  and glucose-6-phosphate dehydrogenase  deficiency, cause 20% of infant mortality and are responsible for a substantial number of childhood hospitalizations. It has been estimated that  nearly 70% of birth defects are preventable7,8, which signifies  importance of study of Teratology.
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