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Pinstitut de la vie a créé en mille neuf cent
soixante quatre un prix pour proposer 3 I’es-
time des hommes une personnalité ou une
organisation qui aurait bien mérité de la vie
soit pour Pavoir défendue, soit pour I’avoir
illustrée. (cf. cahiers de linstitut de la vie,
numéro deux, septembre mille neuf cent
soixante quatre, page huit). 4 Pinitiative de
Jean Chenevier, président directeur général
de la société francaise des pétroles BP et
vice-président du conseil d’administration de
Iinstitut de la vie, la société francaise des
pétroles BP a décidé de doter ce prix a I'oc-
casion de son cinquantenaire, en attribuant
tous les deux ans une somme de deux cent
cinquante mille francs. le prix s’intitule :
< prix de linstitut de la vie » (fondation de
la société'frangaise des pétroles BP pour
Pinstitut de la vie). la société francaise des
pétroles BP a entendu respecter la totale
indépendance de l’institut de la vie et a
souhaité laisser a D’institution ’entiére

responsabilité de déterminer la composition

du jury. le conseil d’administration de
Pinstitut de la vie a apprécié I'importance,
la générosité et I’élégance de ce geste.
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Marcel Naville
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le jury s’est réuni en séance plénizre le deux
juin mille neuf cent soixante et onze 3 Paris.

la proclamation du lauréat a eu lieu im-

médiatement aprés le vote au cours d’une

conférence de presse tenue dans les salons

de P'union interalliée & Paris, en présence de
monsieur René Cassin, président du jury

de messieurs Louis Armand,

Michel Cépede, Maurice Druon,

De pauche & droite :
Maurice DRUON, Jean ROSTAND,
. - Michel CEPEDFE, René CASSIN,
Maurice Marois, Jean Rostand, Manrice MAROLS, Jacques RURF,
Louis ARMAND, Jean CHENEVIER.

Jacques Rueff, membres du jury

| et de monsieur Jean Chenevier, président
directeur général de la société francaise
des pétroles BP, vice président du conseil

d’administration de linstitut de la vie.



extraits
de la
conférence

de presse

RENE CASSIN

Le jury a examiné d’assez nombreuses candi-
datures, toutes dignes d’étre présentées. Il a préféré
couronner un homme qui n’était pas exclusivement
de recherche, pour ne pas empiéter sur le prix
Nobel; il a voulu mettre cn lumicre lcs mérites
d’un praticien trés cxpert, trés compétent, qui a
donné dans sa vic une application particuliére des
veeux des fondateurs du prix, 4 savoir : défendre
ct protéger la vie humaine; le jury a estimé bon
de couronner un homme qui défend la vie 4 son
origine, au moment ou l'enfant n’cst pas cncorc
complétement formé; il a cntendu couronner en
méme temps le courage civique du médecin prati-
cien : celui-ci a constaté les méfaits d’un reméde,
il les a signalés et a ainsi sauvé la vie de quantité
d’enfants. C’est donc 4 I'ensemble des médecins



praticiens qu’en la personne de Monsieur McBride
le jury a voulu rendre hommage.

Nous avons fait notre devoir et maintenant
nous allons demander si des personnes présentes
ici et notamment des membres de la Presse veulent
poser des questions.

QUESTION : COMMENT McBRIDE A-T-IL FAIT SA DECOUVERTE ?

JEAN ROSTAND

Je pense que ce n'est pas par des recherches
expérimentales que M. McBride a montré 1’action
tératogéne de la thalidomide, c’est par son obser-
vation clinique simplement, vigilante; le médecin
allemand, Lentz, a également constaté une corré-
Iation entre Ilabsorption de thalidomide et la
production de bébés phocomeles; ce qui est impor-
tant a dire c’est que le Docteur Lentz a lui-méme
reconnu la priorité de McBride et il I'a reconnue
d'une fagon treés loyale, d’'unc loyauté a laquelle
il faut rendre hommage.

MAURICE MAROIS

Je voudrais répondre & mon tour. Voici une
publication de INGALLS, I'un des plus grands spé-
cialistes d'obstétrique et de gynécologie des Etats-
Unis, qui rend compte des circonstances de la
découverte de McBride. L'histoire se passc cn
1960. La thalidomide, qui s’appelait le distaval,
avait été adresséc cn échantillon par le fabricant,
la Distillers Company, & I’hépital pour femmes de
Sydney, en Australie, pour que soient entreprises
des recherches cliniques sur son efficacité contre
les vomissements du début de la grossesse. Le
Docteur McBride a constaté, dans le service hospi-
talier qu’il dirigeait, trois cas d’abscnce congénitale
de radius chez trois enfants qui sont nés dans
une période de six mois aprés I'administration de



cette drogue. Ces trois enfants sont morts a la
suite d’'une atrésie du tube digestif, cn dépit des
tentatives opératoircs pour essayer dec les sauver.
Les observations furent communiquées aux repré-
sentants de la Distillers Company en Grande-
Bretagne par le Docteur McBride.

Le 14 juin 1961, I'hopital pour femmes avait
achevé ses travaux cliniques mais les vues du
Docteur McBride n’avaient pas prévalu. Cepen-
dant, la confirmation est venue lorsque trois
enfants malformés sont nés un peu plus tard, en
&té 1961.

Voila donc rapportées par une haute autorité
les circonstances de la découverte de McBride.

JEAN ROSTAND

Je veux simplement ajouter quelgues mots.
Ces obscrvations ont été possibles parce que les
biologistes savaient déja par la voie expérimentale
que des anomalies pouvaient étre provoquées par
des agents chimiques. Je crois qu’il est utile
aujourd’hui de rappeler Fimportance considérable
de T'ceuvre d’Ancel, le créateur de la chimio-
tératogenése mais Ancel est malheurcusement dis-
paru. Si le Professeur Ancel vivait toujours, il
recevrait certainement un des grands prix de
IEnstitut de la Vie car il a montré le picmicr
avec sa fille, Madame Suzannc Lallecmand, que
des produits chimiques administrés au cours du
développement embryonnaire pouvaient déterminer
des malformations. Il faut saluer le nom du Pro-
fesseur Ancel a cette occasion.

QUESTION : QU’EST-CE QUI A AMENE LA S.F. BP A SINTERESSER
A CETTE FONDATION ?
JEAN CHENEVIER

Je vais vous répondre en deux mots. Je suis
membre de I'Institut de la Vie depuis pratiquement




son origine et, comme le Professeur Marois I'a
rappelé tout a I'heure, jen suis Vice-Président
depuis quelques années. J'ai toujours pensé que
les entrepriscs en général, -et les plus grandes
d’entre elles en particulier, avaient envers la société
des responsabilités qui allaient bien au-dela de
leurs responsabilités industrielles ot commerciales;
jc crois que c’est une idée qui commence i se
répandre dans tous les pays, ct irés spécialement
aux Etats-Unis. C'est le scns de 'action que ma
Société et moi-méme nous essayons de mener dans
différentes instances, cn particulier an Centre des
Recherches des Chefs d’Entreprises dont je suis
Président, et ccla explique également ma partici-
pation a Tlnstitut de la Vie. Cest vraiment la
seule raison qui, au moment ol notrc Société
célebre cette année son cinquantcnaire, nous u
amecnés 4 doter le prix de IInstitut de la Vie.
Nous avons voulu faire cettc fondation aussi
désintéressée que possible. Nous navons pas créé
de prix proprement nommé par notre Société.
Personne de ma Société ne fait partie du jury.

JACQUES RUEFF

Je voudrais souligner la trés haute portée
intcllectuelle, scientifique et sociale du geste que
Meoensieur Chenevier, au nom de la Société des
Pétroles BP, nous permet d’accomplir aujourd’hui.
Cc scrait un lieu commun d’insister sur I'impor-
tance que joue le prix Nobel dans le progrés
scientifique. Nous n’avions rien d’équivalent; doré-
navant nous avons quclgque chose qui est extré-
mement proche du prix Nobel tout en s’en distin-
guant par le choix des thémes. On peut aussi dire
que dans les pays anglo-saxons, spécialement aux
Etats-Unis, les Fondations ont joué un rdle im-
mense dans le progrés des connaissances scienti-
fiques et dans le développement de la culture.



Nous avons en France réalis€ quelques progrés
dans cette voie par la création récente de la
Fondation de France; le geste généreux des
Pétroles BP nous achemine dans la voie des fon-
dations privées. Le jury est heureux dc rcndre
hommage 4 la générosité et 4 la hautc inspiration
des fondateurs qui ont permis, pour la premiére
fois aujourd’hui, de décerncr le Prix de Plnstitut
de la Vie.

JEAN ROSTAND

Je voudrais simplement rappeler, tant pis si
la modestiec de Mauricc Marois en souffre, que
IInstitut dc la Vie a été fondé il y a 11 ans et
Maurice Marois m’en parlait 1l y a peut-étre 13
ou 14 ans. Or maintenant, il n’est plus question
que de défense de 'homme, de défense de la
nature, de défense de la vie. Clest devenu une
banalité, un lieu commun. Mais il y a 13 ou
14 ans, ce n’était pas un lieu commun, c’était
une ceuvre parfaitement originale, audacicuse ct
Maurice Marois s’est montré 1a un précurscur ct
un promoteur éminemment perspicace. Je tiens
a le rappeler.

RENE CASSIN

Aprés avoir rendu hommage au Professeur
Marois, je tiens & me joindre a ceux des membres
du jury qui rappellent les mérites du donateur.
Lorsque le Prix Nobel est décerné, les bénéficiaires
font généralement 'éloge de Nobel décédé. Ici
nous avons la joic de faire I'éloge d’un donateur
bien vivant. Nous souhaitons qu’il fasse école et
que longtemps ce prix soit décerné a des homimes
le méritant vraiment pour que sa valeur non
seulement pécuniaire mais morale soit conservée
aux yeux de l'opinion publique.
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CEREMONIE
SOLENNELLE
DE REMISE
DU PRIX
DE L'INSTITUT
DE LA VIE
DANS
LA GALERIE
DES GLACES
DU CHATEAU
DE VERSAILLES
i 22 JUIN 1971

iire enfants,




ALLOCUTION DE M. MAURICH
H

L'Institut de la Vie est un hymne i la vie.

« Le vent se leve, il faut tenter de vivre ». Ainsi s'exprimait
Paul Valéry. Depuis que les hommes sont les hommes, le vent
se leve et ils ont tenté de vivre. Ils ont tenté de vivre et ils ont
vécu, puisque nous sommes ici — vivants — actuel maillon
d'une longue chaine de générations, venue du fond des ages et
qui, maillon aprés maillon, devrait continuer dans la suite des
temps. |

Modelée par l'effort de trente millions de siécles, la vie
n'a pas été improvisée. Elle a une politique : persévérer, s'expri-
mer. Elle est appelée 4 un grand avenir,

Grand avenir, certes, mais avec ou sans I’homme. Car la
vie est menacée dans ses formes supérieures, La rangon de
l'organisation est une plus grande fragilité. Au sommet de 1'"évo-
lution, I'homme détient aujourd’hui le moyen d'interrompre le
fil de son destin.

L’humanité sait qu'elle est mortelle et d'une mort gqu'elle
peut se donner. Elle découvre que son milieu écologique est
fragile et vulnérable et qu'elle peut Il'altérer d’une maniére
irréversible. Elle sait que son expansion connaitra sa limite car
le jour viendra de la saturation humaine de la terre. Elle déve-
loppe peu a peu sa conscience d'espece : conscience d’appartenir
4 une méme communauté soumise au méme destin et aux mémes
périls.

La terreur panique des premiers dges face au déferlement
incontrélé des forces de la nature, voici que 'homme P'éprouve
a nouveau devant la dimension des forces qu'il a lui-méme
libérées et I'accélération de sa propre histoire. Mais ce sentiment
se tempére aussitot, de la conscience d'étre lui-méme 1'ordonnateur
des forces déchainées, le sujet libre d'une histoire dominée et non:
plus l'objet impuissant et passif d'une histoire subie. Puis &
I'ivresse de 'apparente toute puissance du démiurge fait suite
I'inquiétude des lendemains lucides : comment utiliser les pouvoirs
de la science pour un plus grand accomplissement de 'homme.
Le voici devant I'alternative : exploitation des ressources jusqu’a
épuisement, extinction des espéces, affrontement ultime entre
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species and the ultimate contest
between the material forces and
the living forces reduced to its
supreme expression, man — OT :
a conscious and rational partici-
pation attuned to the rhythm of
the biological cycle reconciling
promethean man and his natural
environment, integrating in a
cosmic order where life appears
as a suoperior form of organisa-
tion, and liberty as the highest
acquisition of life.

Within the disorders of con-
temporary history one can reco-
gnise the expectancy of a new
renaissance : emboding a new
humanism which will draw its
force from two sources — the
recognition of the value of life;
and the reassertion of the impor-
tance of a mankind free but
responsible.

It has become necessary 1o
construct a responsive foundation
for future generations, to go
further than history, in order to
gain time so that the value which
have proved themselves as per-
manent and universal survive the
disintegration of a dissipated
world has produced them. It has
become necessary to create a
framework for the species. It
should integrate all the richmess
and wisdom of the past. It
should analyse all the potentials
of the future and confront them
with the hopes and continual
demands of man “ undefined,
temporal and spiritual ?, (Saint-
John Perse).

On the 8 September 1960, we
we invited scientists to meet with
men of the highest level of
thought, in order to create an
institution, IInstitut de la Vie,
which would act as a symbol.
It is necessary that men realise
that there exists somewhere on
earth a high place where men
undertake to reflect upon huma-
nity, its past and future, and its
responsabilities towards life.

The institution is developing

strongly throughout the world,

carried by the hope of men and
the tide of history.

L'Institut de la Vie is a res-
ponse to psychological needs.
Faced with the frenzied and
cruel paroxisms where death
triumphs, we are promoting ano-
ther paroxism, that of life. It is
in no way a collective exaltation
but an act of communion, calm,
joyful and solemn, in the firm
belief of the will to live. Each
man holds a fragment of the

le régne minéral et le régne vivant réduit a son supréme repré-
sentant, '’homme — ou: participation consciente, rationnelle,
mesurée aux cycles biologiques, réconciliation de 'homme pro-
méthéen et de la nature tutélaire, intégration dans un ordre
cosmique on la vie apparait comme une forme supérieure d’orga-
nisation, et la liberté comme la supréme acquisition de la vie.

Dans le tumulte de Ihistoire contemporaine, on pergoit
T'attente d’une nouvelle renaissance, d’un humanisme des temps
nouveaux qui puisera sa lumiére & deux sources: la reconnais-
sance de la valeur de la vie, 'affirmation de la grandeur de
I’'homme libre et responsable.

La nécessité s'impose d’édifier une structure d’accueil pour
le monde qui vient, d’aller plus loin que I’histoire, de la gagner
de vitesse pour que les valeurs éprouvées comme permanentes
et universelles survivent 2 I’écroulement du monde périmé qui
les a produites. La nécessité s'impose d’'un organe d’espéce. 1l
intégrerait toutes les richesses, toutes les sagesses du passé. 1l
analyserait toutes les potentialités du futur et les confronterait
aux aspirations et aux exigences permanentes de 'homme « indi-
vis, temporel et intemporel » (Saint-John Perse).

Le 8 septembre 1960, nous avons invité les hommes de
science & s'unir aux hommes du plus haut niveau de conscience,
afin d’édifier une institution, I'Institut de la Vie, qui aurait valeur
de symbole. Il faut que les hommes sachent qu’il existe quelque
part sur la terre un haut lieu ol I'’humanité entreprend une
méditation sur elle-méme, sur son passé, sur son avenir, sur sa
responsabilité envers la vie.

L’institution se développe puissamment sur tous les conti-
nents, portée par l'espérance des hommes et le mouvement de
I’histoire.

L’Institut de la Vie est un acte de psychologie totale. Face
A Divresse sanglante des paroxysmes ou triomphe la mort, nous
organisons un autre paroxysme, celui de la vie. Il ne s’agit
nullement d’une exaltation collective mais d’une communion
lucide, joyeuse et grave dans I'ardente affirmation de la volonté
de vivre.

Chaque homme détient une parcelle de I'espérance de vie,
une fréle étincelle. Toutes ces étincelles peuvent étre rassemblées
en un immense brasier.

PpIc
leu



L'Institut de la Vie est un projet moral et politique. Il
propose une vision globalisante. Il veut aider les hommes dans
leur marche vers I'unité, unité de la connaissance, unité du genre
humain. II croit a la puissance d’appel des symboles et c’est
pourquoi il a créé le Prix de I'Institut de la Vie afin de proposer
alestime des hommes une personne qui a bien mérité de la vie
soit pour I'avoir défendue, soit pour I'avoir illustrée.

Ce Prix vient d’étre doté de 25 millions d’anciens francs
tous les deux ans, a l'initiative de Jean Chénevier, 'un des vice-
pésidents de DI'Institut de la Vie, par la Société Francaise des
Pétroles BP, a I'occasion de son cinquantenaire.

Dans le jury siégent cote a cote les Présidents, Directeurs
Généraux ou Secrétaires Généraux d’institutions mondiales qui
ont pour ultime objet I'homme. Elles veillent sur son enfance,
sinquictent de sa santé, de son labeur, des conditions de son
développement. Elles pourvoient 4 ses nourritures terrestres et
sprituelles; elles incarnent le grand réve d’unité puisque c’est
i léchelle de la planete qu’elles accomplissent leur mission.
Dautres attestent la fraternité au cceur méme de la mélée des
gierres, d’autres, la coopération; d’autres se vouent aux échanges
mernationaux : elles tissent la trame d’un monde qui pourrait
ére solidaire. Aux représentants au sommet de ces grandes insti-
fitions se joignent des témoins: témoins de la civilisation de
[universel; témoins exemplaires du combat pour la paix mené
par des hommes pleinierement voués, avec toutes les ressources
(e leur étre a la passion de la paix; témoins de I’attention a la
vie et a 'homme au nom de 'amour; témoins de la plus haute
sience.

Mesurez I'autorité morale de ce jury mondial, bouquet de
ymboles, signe des temps d’une humanité qui puise en elle-méme
l volonté de vivre en mobilisant dans un élan unifié ses forces
yives.

Cette féte des symboles est plus éclatante encore par les
drconstances de la remise solennelle du Prix.

Cette cérémonie a lieu en ce 22 juin 1971, au cours du
Congreés de Physique Théorique et de Biologie. Tous les deux

hope of life, no more than a
tiny spark. But all these sparks
could be put together to form an
immense fire.

L’Institut de la Vie is a moral -
and political undertaking. It pro-
poses a universal vision. It can
help men in their progress to-
wards a unity, a unity both of
knowledge and of the human
environment. It believes in the
power of symbolic gestures and
it is why the Institut de la Vie
as a token of mankind’s esteem
to a person for services rendered
in the defense or enrichment of
life.

This prize is now endowed
with the sum of 25,000,000 old
francs every other year, thanks
to the initiative of Jean Chene-
vier, one of the Vice-Presidents
of the Institut de la Vie, by la
Société Frangaise des Pétroles
BP, on the occasion of its half
centenary.

The jury comprises of Pre-
sidents, Chaimen and Directors
of international institutions which
have one object in common —
man. They survey his upbringing,
examine his health, his working
conditions and his development.
They keep wath over his earthly
and spiritual needs; they embody
the great dream of unity since
they operate throughout the
world. Some give evidence of
fraternity even in the midst of
wars; some work towards inter-
national exchanges and co-ope-
ration; they weave the fabric of
the world as though is were
united. Representatives of these
outstanding Institutions are joined
by witnesses : witnesses of the
universal civilization; witnesses
of the fight for peace led by
devout men giving fully of them-
selves for peace; witnesses of the
attention to life and to mankind
in the name of love; witnesses
of the highest learning.

Consider the emminence of
this international jury, a symbolic
synthesis, a sign of the times in
which mankind manifests its will
for life by embodying in such a

. unified gesture its living forces.

This symbolic event is all the
more outstanding in view of the
circumstances of the ceremonial
presentation of the prize. This
ceremony takes place on this
22nd day of June 1971, in con-
junction with the Congress of

Theoretical Physics and Biology.
Every two years, since 1967 the
Institut de la Vie reunites the

- ans, depuis 1967, I'Institut de la Vie réunit I'expression supréme
- du génie scientifique, cent des plus grands savants de la terre;




il leur pose la question €ternelle : « Qu’est-ce que la vie ? » et
leur demande de répondre avec les ressources de la science
contemporaine.

Rassemblés en un seul COrps, ces savants interrogent I'univers
oll nous sommes plongés et la vie qui nous anime. Ils scrutent les
conséquences de leurs découvertes pour la vie de I'homme et
des sociétés; ils décident de poursuivre leur ceuvre d’exploration,
de quéte incessante qui est I'honneur de homme; mais ils
mesurent aussi leur devoir d’information envers la communauté
des hommes.

La coincidence des deux manifestations est voulue. Ainsi
est établi un lien visible entre Ia plus profonde réflexion scienti-
fique sur la vie et Ia reconnaissance de sa valeur.

Je rends un respectueux hommage a4 Monsieur le Président
de la République Frangaise qui a fait & I'Institut de la Vie le
grand honneur d’accorder son haut patronage a la conférence
et de désigner, pour le représenter, Monsieur le Ministre de
Environnement —— ]’environnement, théme de vie. Pour la pre-
miere fois, un chef d’Etat accorde son haut patronage a une
manifestation de I'Institut de la Vie - ce geste a valeur de signe.

Cette féte des symboles n’est pas une incantation pour
conjurer le désespoir de P'espece moribonde 4 1a dernigre station
du chemin d’angoisse. Nous ne créons pas un mythe démobili-
sateur, nous ne nous bercons pas dans lillusion lyrique mais
dérisoire. Nous ne sommes pas faits de I'étoffe des réves. 11 ne
s'agit pas d’un superbe jeu de scéne. Cet événement est un
avenement. L’utopie qui nourrit notre espérance est une utopie
motrice; elle sera la réalité de demain. Elle est portée par une
force vieille de 30 millions de siecles : la vie. Elle est sensible
'appel des millénaires futurs dont elle veut transformer I'incerti-
tude en promesse. Elle est sous-tendue par notre volonté organi-
satrice.

Avec une intensité aigiie, je vis cet instant privilégié, cet
instant unique ou la conscience collective pergoit enfin la vivante
unité du groupe humain.

L’événement est irréversible : nous fétons aujourd’hui 1a
réconciliation de I’homme avec lui-méme. Nous scellons I’alliance
de 'homme et de la vie.



highest expression of scientific
genius, a hundred of the worlds
most learned men, and asks them
the eternal question “ what is
life ” and ask them to reply
with their resources of contem-
porary knowledge.

Assembled in a single group
these men pose questions about
the universe in which we find
ourselves and the life therein.
They examine the consequences
of their discoveries for the life
of mankind and its societies; they
decide to pursue their works of
exploration, the incessant sear-
ching which is the hallmark of
man; but they appreciate also
their duty to inform the commu-
nity of men.

The co-incidence of these two
meetings is deliberate. It is done
to establish a visible link between
the profound scientific thoughts
on life and the recognition of
its value.

I would like to pay homage to
the President of the French Repu-
blic who has accorded to the
Institut de la Vie the great
honour of his esteemed patro-
nage to the Conference and who
has designated, to represent him,
the Minister of Environment —
the environment which is the
theme of life. For the first time
a Head of State gives his dis-
tinguished patronage to a meeting
of the Institut de la Vie:; this
gesture has a value of signifi-
cance.

This symbolic occasion is not
an incantation to conjure up the
despair of a declining species in
its last stages of anguish. We do
not live in the world of illusions.
We are not made of the stuff of
dreams. It is not a question of a
showpiece. This event is an ad-
vent, The utopia which nourishes
our hopes is a tangible utopia;
it will be the reality of tomorrow.
It is carried forward by a force
sustained over 30 millions cen-
turies : the life. It is responsible
to the call of future the uncer-
tainty of which has to be trans-
formed into a promise. It is
sustained by our conscious will.

With a profound intensity I
cherish this priviledged moment,
a unique moment when the col-
lective conscience recognises at
last the living unity of mankind.

The event is irreversible; we
celebrate today the reconciliation
of man with himself. We seal the
pact between mankind and life.

Tableau offert par
William McBRIDE
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'DE M. RENE CASSIN

Monsieur le Ministre, Monsieur le Président, Mesdames,
Messieurs,

C’est pour moi un grand honneur que d’avoir été chargé de
remettre a Monsieur le Docteur McBride, le premier des prix
décernés par I'Institut de la Vie, grace a D'initiative généreuse de
Monsieur Chénevier.

Depuis des millénaires, le Décalogue a formulé pour tous
les hommes, le précepte négatif « tu ne tueras point » qui hélas !
est souvent violé. Mais de tout temps aussi une catégorie parti-
culiere d’hommes, les médecins, a été assujettic 2 une mission
positive. « Tu conserveras et défendras la vie ». Monsieur
McBride est un de ceux qui donnent l'exemple dans Iaccom-
plissement de cette mission. 11 illustre en méme temps le principe
que la science est au service de 'homme et cesserait de mériter
sa place s’il en était autrement.

Or, dans le monde moderne, son role est devenu si consi-
dérable qu’il est nécessaire qu'un nombre croissant de personnes
prenne conscience du droit a l'existence que posséde chaque
étre humain et du devoir pour I'ensemble des autres de respecter
sa vie.

Depuis un demi-siecle de trés nombreux hommes ont eu la
terrible obligation de participer & deux guerres meurtridres et
d’exposer leur propre vie pour faire obstacle au triomphe de la
violence et de la barbarie. J’ai été de ceux-la. Aussi ma fierté
est-elle d’autant plus grande d’exalter et honorer ceux des
hommes qui, comme le Docteur McBride, ont le sens de la solida-
rité humaine et pratiquent celle-ci avec science et dévouement.

Qu’il me soit permis au moment ol je vais procéder a la
- remise au lauréat du prix décerné par I'Institut de la Vie, de
- lire la décision motivée du Jury.

« Le jury du Prix de I'Institut de la Vie a attribué pour la
premiere fois le Prix de I'Institut de la Vie (Fondation de la
Société Frangaise des Pétroles BP pour I'Institut de la Vie) d’un
montant de 250 000 francs (25 millions da’nciens francs) a
Monsieur le Docteur William McBride, gynécologue accoucheur
de I'Université de Sydney (Australie) 4gé de 44 ans. McBride a
incontestablement, le premier, dénoncé un cas d’agression fla-
grante contre la vie : P'action tératogeéne de la thalidomide sur
I'embryon humain. Médecin praticien, il incarne la vigilance
thérapeutique, le souci de I'avénement d’un étre sain a la vie.
Le service ainsi rendu 4 ’humanité est exemplaire. En retenant
son nom, c’est a I'ensemble des médecins praticiens du monde
que le jury rend hommage ».




ALLOCUTIODE

To wvisit this great city, to ponder on the elegance and

beauty of the buildings and especially this magnificent palace and

gardens, serves to remind me that we are the tenants of this

world and as such should not despoil our environment or plunder
all our natural ressources, we must aim to leave our world better
than we found it.

What greater challenge can we be given that to lighten the
burden of human misery.

The common concern of man, no matter what Political
System we follow or what the geographical environment in which
we live, is to see that each child born, will be born healthy, free
from developmental defects, not impaired by mental retardation
and not die from infection or starvation.

Undoubtedly, the last forty years have seen great advances.
The discovery of chemotherapy and antibiotics, and the control
of malaria have drastically reduced the death rate which is one
of the most wonderful of all advances. However, this has produced
the side effect that the worlds population will double in 30 years.
If the present trend continues, by the turn of the century, four
fifths of the worlds population will live in Asia, Africa or Latin
America. The hunger rate in thirty years time will be double
what it is today. The problems of overpopulation and malnu-
tritution are urgent and pressing ones demanding much more
attention than we are devoting to them.

The mass production of the internal combustion engine, the

development of plastics, detergents, and chemical pesticides have
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W.G. McBRIDE

ven us environmental pollution problems undreamed of, even
by the most advanced thinkers thirty years ago.

The carbon monoxide in the air, mercury in the sea water,
radio activity in the atmosphere, give us problems which we
must solve and solve quickly if we are to leave a heritage for
our children.

Not only must we think of pollution of the external envi-
ronment but also pollution of the internal environment. The
great significance of the Thalidomide tragedy is to show us just
'_bw vulnerable the feetus is to its environment. The fact that ten
years after the event we are still unsure of the mechanism of its
effects on the developing tissues surely emphasises that we must
make much more effort and spend much more money on the
study of life.

Is there need for haste in exploration of space until we
have made this planet free from overpopulation, poverty, starva-
tion and disease. Space will be conquered but could it not be
a as a co-operative project at leisure without undue haste ?
Man has produced magnificent scientific aids. Let them be
-I ed for the benefit and not the destruction of the human race.
':"o'ntented people do not become aggressors. One has only to read
."c history of the past fifty years to see the futility of war.
On seeing this great gathering of learned men and women
from so many countries of the world, all dedicated to the same
objective, it gives me great confidence that mankind has the

capacity to cope with the new problems which arise.




ALLOCUTION DE M. ROBERT POUJADE

Messieurs les Présidents,
Monsieur le Ministre,
Messieurs les Membres des Académies et des Instituts,
Monsieur le Professeur,
Mesdames et Messieurs,

Ayant ’honneur de représenter Monsieur le Président de la
République au Congrés de 1a Physique Théorique a 1a Biologie

Monsieur le Président Marois, permettez-moi de vous dire
que nul n’a pu étre insensible 3 la ferveur avec laquelle vous
venez de célébrer la vie, ferveur lyrique permettez-moi de Ie dire
malgré vos dénégations, et vous me le permettrez je crois, d’autant
Plus volontiers que chacun sait que vous étes 3 lorigine de cette
manifestation, de ce rassemblement de tant de Savants mondiale-
ment connus et que votre ferveur est une ferveur active.

Vous étes aussi 3 lorigine avec I'Institut de la Vie, de cette
réunion de ce soir dans un cadre prestigieux dont le but est
d’honorer un chercheur qui a défendu la Vie dans ses principes
et dans ses origines.

Je voudrais, Monsieur Je Professeur, étre en mesure de dire
avec plus de compétence vos mérites. Le choix de I'Institut me
dispense de rien y ajouter que les félicitations de Monsieur Ie
Président de 1a République, auxquelles je me permets d’ajouter
mes félicitations personnelles. Je dirai seulement que si j’avais
di décerner ce prix en fonction de ce que vous avez su dire en
faveur de I'environnement, je vous laurais siirement accordé,
Monsieur le Professeur, avec plus de compétence.

En acceptant de batronner votre Congrés, Monsieur le
Président de Ia République a témoigné de son souci de voir
notre pays s’associer i toute entreprise qui s’efforce de dominer
les problémes de notre temps et de jeter les fondements d’un
humanisme universel.

Hommes de Sciences, vous savez Messieurs, que toute recher-
che, tout humanisme, est tributaire d’un passé culturel, mais
peut-étre avons-nous besoin aujourd’hui, comme Je disait naguére
le Président Georges Pompidou, d’une nouvelle Renaissance. Ce
qui a marqué la Renaissance, c’est un respect profond pour les
valeurs du passé et c’est une quéte ardente de valeurs nouvelles.

Ce respect et cette ardeur sont indissociables lorsqu’on ne
veut €tre prisonnier, ni des habitudes du temps jadis, ni des
modes du temps présent.

La curiosité de I’homme pour la Vie est bien siir une
curiosité a I’égard de soi-méme.

Nous ne pouvons oublier ce qu’a de pathétique I'interrogation
toujours sans réponse de la seule créature qui réfléchit son
destin. Mais le spectacle de ]a vie, est en soi-méme si fascinant
que beaucoup d’hommes, et en particulier d’hommes de Sciences
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ont mis dans cette recherche plus d’cnthousiasme que d’angoisse,
méme s'ils n'ont pas trouvé dung la foi, ce qu’ils ne trouvaient
pas dans la connaissance, I’homme a frayé sa voie dans la nature,
a travers la nature. Il g longucment confronté sa vie précaire
4 la vie puissante qui s'épanouissait dans Ia biospheére.

En face de ia nature, il éprouvait un sentiment de [rustration
et parfois de révolte. Ce sentiment traverse toute notre littérature
qui 2 opposé¢ volontiers la fragilité de Iexistence humaine, 3 1a
pérennité de la nature,

« Vivez, froide nature et revivez Sans cesse » €crivait VigNy
au momcnt méme od il reconnaissait dans I'apparition du chemin
de fer une innovation qui pouvait changer la Vie.

Aujourd’hui, c’est la précarité de la vie dans Ia biosphare,
qui tourmente I’homme contemporain. L’homme avance, et,
comme nous le rappelait, il y a un instant, Monsieur le Professeur
McBRIDE, la nature recule.

Apres avoir appris que les civilisations étaient mortelles,
nous nous apercevons aujourd’hui, que cest la Civilisation qui
peut étre mortelle. TI peut ¥ avoir une terre sans solei] et il peut
Y avoir une terre sans vie ! Or I'homme est devenu un consom-
Mmateur insatiable de la vie qui entoure, au moment o beaucoup
d’espéces s’affaiblissent ou disparaissent. Certes, i sc multiplie,
mais pourra-i-il maintenir une vie digne d’étre vécue dans une
nature chaque jour diminuée 7

Bien siir, dans la frénésie de création, qui Ia saisi depuis
cent ans, et qui a apporté tant de progrés a la science, et
convenons-en, Messieurs, tant de progrés en particulier 3 la
Médecine, donc, tant d’apports 4 la vie, 'homme crée aussi de l1a
vie. A des appétits nouveaux, il offre des nourritures nouvelles,
a des cxigences chaque jour renouvelées, il proposc des techniques
nouvelles de production et de productivité,

L'impression qui prédomine pourtant, est que notre espéce
dans son appétit de vivre attaque lcs racines mémes de 1a vie,
La sagesse ancestrale, qui enseignait les €quilibres du milien
naturcl, disparait. Aujourd’hui, seuls Ies €cologistes détiennent
des vérités que la sagesse des nations avait apprises tout au long
de Thistoirc et méme, de la préhistoire,

Vous vous étes interrogés, Messicurs, sur la physique théo-
rique ct sur la biologie, et je n’ai pas compétence pour vous suivre
jusque dans ces abimes de sciences, mais comment fait-on de la
vie avec la mort ? Diderot nous a donné, dans Pentretien avec
d’Alembert, la recctte qui permet de passer d'une statue de
Falconet 4 des pois, des faves et des choux. Mais on connait
aussi, et elle est d’'une application plus facile et plus rapide, 1a
recette qui permet de passer de la forét au désert, et le désert
est plus tenace que la forét,

L’homme peut vivre, sans doute, en g’éloignant de la vig,
et je dirais que I'expérience peut €tre passionnante; aujourd’hui, la
renconire entre la vie et 1a mort, s’accomplit dans le cosmos, grice
au génic humain !




Devons-nous nous préparer un avenir de cosmonautes?

Nous devons, je crois, nous souvenir que nous sommes des
hommes de ce monde. Nous pourrons peut-étre, pour combicn de
temps, dans quclles conditions, vivic d’'une vie qui sera de plus
en plus, ou qui risque d’étre de plus en plus, la négation de ce
que des générations ont appelé la vie.

C’est, je crois le probléme de I'environnement.

On dit parfois qu’il met, ou qu’il remet tout en cause, et
c’est vrai, précisément parce qu’il met cn causc, la vic !

C’est pourquoi, Messieurs, le Professeur MAROIS a voulu
associer, je pense & vos recherches, mes préoccupations et mes
fonctions. Je n'exclus aucune hypothése; on peut imaginer, on
doit imaginer sans doute, une existence, une civilisation, un cadre
de vie, aujourd’hui, presque inimaginables.

L’initiative humaine peut nous réserver de fantastiques
surprises. Il est possible que, dans quelques siécles, on ne puisse
distinguer ce que l'on appelle avjourd’hui naturel, et ¢ce que l'on
appelle artificiel; et dés auvjourd’hui, ccla cst vrai dans quclqucs
domaines. Quelques uns des grands lacs frangais sont des créa-
tions de l'homme, nous savons transformer les déchets de 1a
société industrielle en forét; nous essayons de plier 'arbre aux
cxigences du béton pour permettre leur coexistence.

On peut imaginer que homme mette les moyens de sa
technique au service du remodelage d'un cnvironnement qui
échapperait a certaines lois actuelles du milieu naturel. Rien
n'interdit de réver, et méme de réver 4 un homme qui changerait
de dimensions, sinon de nature, maitrisant et dominant son envi-
ronnement; ef, sl cst pcermis de réver, il est dans immédiat
nécessaire d’'imaginer, l'esprit attentif aux promesses du futur,
mais aussi, aux nécessités d’aujourd’hui, un cadre de vic qui,
sans métamorphose fondamentale et sans miracle, permette 2
I'homme de retrouver un équilibre dont chacun sait bien, qu’il
est actuellement menacé sur le plan physique et sur le plan
psychique.

Nous le recherchons et nous le recherchons avee beaucoup
de peine, ce cadre qui donnerait la primauté a la qualité de la vie,

Force nous est bien de constater quen 1971, 'homme est
obligé dc maintenir son vieux pacte avec la terre, sa vieille
entente avec la biosphere, ¢t ¢’cst pourquoi nous avons, Monsieur
le Professeur, grand besoin d’hommes comme vous.

Si 'homme continue 4 menacer la vie autour de lui, c’cst sa
propre vie, c’est sa vie d’espéce qui sera menacée, car les biens
essentiels, dont parlait a Chicago, le Président de la République,
~qui m’a fait le grand honneur de me déléguer auprés du congrés,
demeurent irremplagables : la terrc, I'cau, 'air, les foréts.

Je crois traduire sa pensée, en vous disant, Monsieur le
Professeur, Messieurs, vous tous qui avez illustré la science et la
recherche, que nous souhaitons voir les plus grands esprits de la
science modernc, donner un peu de leur temps et de leur génie, 2
ce probléme de vie et de mort qu'est la sauvegarde de ’environ-
nement humain.

1







PRIX DE
L’INSTITUT DE LA VIE

(Fondation da la Soctétéd Francalse des Pétroles BP
pour lnstitut de s Vied

Le Jury International, réuni le 2 juin 1971,
poua o Prdsidence do Monsiour Rend Gassin,
Prix Nobol de la Paix,

a decarnid o8 pric o

Monsieur la Dosteur William G. Me Brida,
gynécolegue obstétriclen de I'Universitd de Sydney,

"1 & incentestablement la promior,
dénoned un cas d'agression flagrante contre la vie :
I'astion tératogénique de lo thalidontide sur Fembryon humain.
Méadecin praticien, il incarme la vigilanee thérapeutique,
le souci de Uovénement d'un dtre sain @ la vio,

Le sarvice ainsi rendu & [humanité est exomploire.
En petonant son nom, o'eat d Uenasmble
des mideains praticiens du monde
quew le Jury rend hommaga™.

* Vorsnillos lo 22 Juin 1071

e Président du Jury 1o Secrdtaire prpbtuel du Jury
R CASSIN M. MAROIS
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INITIATIVE DU ID¥ WILLIAM G. McBRIDE

Premier lauréat du Prix de [Institut de la Vie
de créer une fondation de IInstitut de la Vie
pour la prévention des handicaps physiques et mentaux

Le 30 juin 1971

Paris, le 30 juin 1971
Monsieur lc Prisident René CassiN
Prix Nobel de la Puix
Président du Jury International
du Prix de Tlnstitut de la Vie
36, quai de Béthune, 75 - Paris (3v)

Dear President Cassin,

I wish to thank the Tastitut de la Vie for the great honour not only to me
but also to my country Australia in my being awarded the Prix de Ilnstitut de
la Vie.

I wish to inform you Sir, so that you may convey my intention to your
committee that 1 intend to devote my prizc monecy of 250000 F to set up
an Institut de la Vie World Foundation for thc Study of the Formative
Weeks of Human Life.

I do this, as 1 feel that the only way we can prevent physical malformation
of the feetus and mental retardation of children, is to make an intensive world
wide study of these problems which plague every country no matter what
political philosophy we follow or what thc geographical environment in
which we live.

To you Sir I regard it my great honour 1o have met you and made your
acquaintance, '
Yours laithlully
William G. McBRrDE



Paris (5%), le 2 juillct 1971

Monsicur le Docteur William G, McBRIDE
“ Harley "
600 Railway Paradc

Hurstville 2220 (Australie)
Cher Docteur McBride,

L'lnstitut de la Vie, son Président le Professeur Marois et le Jury du
Prix qui vous a été décerné, ont rcgu votre lettre de remerciement avec
satisfaction.

Permettez-moi, & mon tour, dec vous exprimer notre reconnajssance pour
la généreuse décision que vous nous confirmez, de consacrer le montant de ce
prix 4 une fondation dont vous avez fixé lc nmom, en omettant méme de
mentionner lc vitre,

“

Alnsi, vous tenez & mettre non seulement votre science, mais aussi les
ressources dont vous disposez au service de la vic humaine et particulidrement
de P'étre humain dés avant sa naissance, Et vous tenez 4 le faire avec une
modestie qui vous honore.

Soyez assuré gue I'lnstitut de la Vie veillera & cc que votre but soit
poursuivi, 1l veillera cn particulier 3 domner & votre fondation une solide
situation juridique.

Permettez-moi d'ajouter 4 ces remerciements officiels I'cxpression du
plaisir que jai trouvé a fairc votre connaissance personnelle et celle de votre
famille,

Veuillez agréer, je vous prie, cher Docteur McBride, I'expression renou-
velée de ma trés haute estime et dc mes sentiments dévouss.

René CassmiN




PREMIERE CONFERENCE INTERNATIONALE

en vue de Pétablissement
de la Fondation de llastitut de la Vie
pour la prévention des handicapés physiques et mentaux

tenwe au Centre de recherches,
d’étude et de formation mutualistes et sociales
de Ia Mutuelle générale de Péducation nationale

du 3 au 5 décembre 1971

sous le patronage de

Monsicur Robert BOULIN

Ministre de la Santé publiqgue et de la Sécurité sociale
el de

Mademoiselle Marie Madeleine DIENESCIH

Secrétaire d’'Etat




ALLOCUTTONS OFFICIELLES
OFFICIAL ADRESSES

Maurice Maros

Jean CHENEVIER

Son Excellence Muonsieur ! Ambassadeur RENOUF

Ambassateur d’Australie en France

Message de Monsieur le Secrélaire Général des Nations Unies

ALLOCUTIONS D'OUVERTURE DE LA CONFERENCE

Moaurice MAROIS

Robert DEBRE

Membre dc ’Académie des Sciences




ALLOCUTIONS OFFICIELLES
OFFICIAL ADRESSES

M. Maurice MAROIS
Président du Conseil d Administration de Plnstitut de la Vie

Le 2 juin 1971, le jury international du Prix de I'Institut de la Vie, au
terme de ses délibérations, a distingué le Docteur William McBride.

Or voici que te Docteur McBride consacre son prix 8 la création d'un
fonds intermational pour la prévention des handicaps physiques et mentaux et
lance un uppel dans son pays pour augmenter la premiere dotation.

L'Institut de ia Vie décide de l'aider en organisant la présente conférence,

Ici, la science fait son ceuvre au service des hommes ; ia médecine fait
son ceuvre dans une voie qui n'est pas seulement de guérir mais de prévenir ;
IInstitut de la Vie fait son ceuvre pour I'épanouissement dune vie saine afin
quc 'homme soit 'homme.

L’Institut de la Vic fait son wuvre cn rasscmblant la science de toute la
terre dans une recherche pluri-disciplinaire pour un combat d'une importance
majeure ; vaincre ce que le Professeur Turpin appelle le fléau congénital.

L’'Institut de la Vie fait son ceuvre en rassemblant les organisations et les
institutions nationales et internationales 4 vocation scientifique, médicale,
sociale, humanitaire. Ainsi, & ceux qui savent ce qu’est un handicapé, a ceux
qui en portent la charge matérielle et morale, & ceux qui éprouvent e poids de
1z souffrance humaine, nous pouvons dire que la science et la médecine ne
sont pas sans Tecours, Avee la prudence qui convient 4 la science, nous pouvons
affirmer que les possibilités sont grandes ot qu'il n'est pas déraisonnable de
mobiliser des moyens puissants.

Une institution de peonsée, d'espérance et d’action : Ulastitut de Ia Vie;

un jury international d'une immense valeur symbolique : le jury du Prix de
IInstitut de la Vie ; un lauréat homme de lumiére et figure de proue : William
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McBride ; un théme qui concerne 10 % de la jeunc humanité : les handicaps
physiques et mentaux ; un appel! a quelques-uns des plus grands noms de fa
science et de la médecine, suivi dunc réponse unanime ; une émulation de
genérosité entre Denis Forcstier et la M.G.E.N., Jean Chenevier et la Société
Francaisc des Pétroles B.P., Charles Mérieux et I'Institut Mércux ; la définition
avec une rigueur extréme d'une stratégie scientifique et institutionnelle pour
létude des scmaines de formalion de I'étre humain, voild Péviénement qui
rassemble en ccttc terre de France des hommes venus des points les plus
cloignés du globe : d’Australie, dc Belgique, du Canada, d&’Espagnc, des
Etats-Unis, de Grandc-Bretagne, d’Italic, du Japon, de I'Ouganda, de Ia
Reépublique Fédérale d’Allcmagne, de Sudde.

Un & un, la science réalise les plus vicux réves des hommes. Pourra-t-clle
une fois encore conjurer la fatalité et donmer un autre visage 4 la condition
humaine ? La biologie dans un avenir prévisible rendra-t-elle accessible fe réve
des réves : tentcr de faire mieux que la naturc cn modelant I'homme A notre
gr¢ ? Modifierons-nous radicalement notre propre définition ? Jusqu’oil irons-
nous trop loin? Y a-t-il un trop loin? Nous nc devons pas considérer
frileuscment, peureuscment, les pouvoirs de la science. La seule manidre virile
de les dominer est d'en mesurer I'étenduc ct de définir les fondements de notre
éthique. Quel type d’homme voulons-nous ? Tous les moyens sont-ils bons pour
atteindre nos fins ?

Tout ce qui a trait & 'homme, 3 sa vic, an meilleur accomplissement de
ses potentialités, au pouvoir d’intervention sur son propre protoplasme, va
poser des problémes de choix, dune exceptionnelle gravité.

L'Institut de la Vie le sait depuis sa fondation. 1| se prépare depuis onze
ans 4 ce rendez-vous que Ihistoire lui propose. L'Institut de la Vic, intensément,
analyse les signes du destin, scrutc avenir et icnte d’engager unc téflexion
fondamentale.

Cette conférence n'est pas la premiére. D'aulres l'ont précédéc, d’autres
a suivront. Le mouvement a gagné la terre entitre et le mouvement ne
s'arrétcra pas car il cst porté par éwernelle aspiration dc 'homme 3 une vic
épanouie oir serait allégé le poids de la souffrance. Aux prophites de Fabsurde,
de la négation et du désespoir, Iévénement que nous célébrons apporte un
démenti superbe. Vous démontrez que I'avenir de I'homme est ouvert et que le
destin se maitrisc 4 la lumiére de Icsprit.

Je voulais vous en rendre témoi gnage, Merci.
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M. lean CHENEVIER

Je voudrais en quelques mots joindre ma voix A celle du Professeur
Marois, pour saluer ici I'impressionnant rassemblement d’hommes de science
qui sest opéré aujourd’hui a l'appel de Ilnstitut de la Vie, du Profcsscur
Marois, du Docteur McBride. Il est particuliérement encourageant dc constater
que llinitiative prise par ma Scciété il y a quelques mois, a donné aussi
rapidement naissance grice au grand désintéressement ct a Uenthousiasme du
Docteur McBride & cette nouvelle fondation et &4 [intérét quasiment universel
suscité par elle auprés de vous Messicurs. Cette initiative ne peut que porter
des fruits que notre ami Muarois vient de rappeler avec I'enthousiasme ct le
lyrisme, non déplacés dans dc telles circonstances, qui le caractCrisent. Je
voudrais plus modcstement joindre ma voix 4 la sienne pour saluer au depart,
4 son déparl, la Fondation McBride et lui souhaiter le¢ grand avenir et la grande
efficacité quc tous nous attendons d'elle.

Monsieur I'Ambassadeur RENOUF

En tant que représenlant de U'Australie, je suis trés hovoré de prendre
la parole devant cclic assemblée qui couvre un tel nombre de savants célebres
venus de presque tous les continents du monde, réunis pour marquer une
de la Vic avec l'objectif de prévenir les handicaps physiques et mentaux.
décision prise cette année-ci de décerner le prix de I'Institut de la Vie a mon
compatriote, le Docteur McBride. De cette décision tous les Australiens étaient
fort fiers. La deuxiéme initiative est celle du Docteur McBride, lui-méme,
de consacrer le montant de son prix & I'établissement de cette Fondation 41.
De la part du Docteur McBride, c'est une décision généreuse qui révele
d'ailleurs son dévouement i la Science et au bien étre de 'humanité, n’importe
oit elle se trouve dans l¢ monde. Pour sa part, je constatc que I'Institut de
la Vie n’a pas manqué d’apprécier la générosité du geste du Docteur McBride.
Cette appréciation sc manifeste en ce moment daos la convocation du Congres
qui se tient actuellement & Paris pour aider le Professeur a réaliser son ambition
3 Téchelle mondiale en définissant la stratégic a suivre. L’lnstitut de la Vic
a droit & tous remerciements de cette action rapide et efficace. Monsieur lc
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Président il y avait de tras grands hommes de notre temps qui aursient eu
un vif intérét dans le travail qui vise A entrcprendre lu Fondation 41, le
Général de Gaulle et lc Président John Kennedy. Malheureusement ils ne
sont plus parmi nous. De leur vivant ils ont fajt chacun unc grande contri-
bation aux problémes des cnfants handicapés.

On peut &tre certain que chacun d'eux aurait apporté, le plus grand
appui 2 Ia fondation 41,

Grice en partie aux efforts de ces deux grands hommes, entre beaucoup
d’autres, tel que Ic Professeur Debré de France, un progrés remarquable a été
réalisé depuis la deuxitme guerre mondiale dans le domaine des soins ct des
méthodes d’instruction des enfants handicapés. T! reste beaucoup A faire, mais
il reste encore plus 4 faire dans le domaine qui concerne plus particuliérement
le Docteur Mc Bride, I'Institut de la Vic ef tous ici présents ce soir, c’est-d-dire,
Ia prévention des conditions de vie avant la naissance de I'enfant; au moins
comme vous avez dit Monsieur le Président, 10 % de la jeunc humanité
s'en trouve menacée. Monsicur le Président, on dit que la prévention vaut
micux que la guérison, mais quand il nc peut étre question de gudrison Ia
prévention devient impérative. Pour cette raison je félicitc I'Institut de la Vie,
le Docleur Mc Bride, et vous tous qui avez accepté d’apporter votre soutien
4 la nouvelle fondation. Je vous souhaite la plus grande réussite dans une
ceuvre humanitaire si importante. Merei.

Message de Monsieur le Secrétaire Giénéral des Nations Unies

lu par M. BJELIC

Addresse to the participants of the International Conference organized by
the Institut de la Vie (Paris, December 1971).

On behalf of the Secretary General of the United Nations, T would like
to convey to the distinguished men of scicnce and other eminent personalities
gathered here his deep appreciation for your interest in the solution of such
important social problems as the role of malnutrition and other factors in
inducing birth defccts in man.

In seeking to analyze the character of these defects and to pinpoint
possibilitics for their control, your discussions, organized by the Institut de Ia
Vie, fall within the international concerns of the United Natious which always
cncourages private effort to deepen understanding of some of the most
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complicated problems which challenge contemporary human society. Inherited
from the past of emerging as an unwanted result of modern civilization and
technical progress, such problems can remain outside of the accepted economic
and social priorities for quite a long time — before information media and
the public become fully aware of their cxistence and their rcal meaning
(example : problems of human cnvironment).

Speaking at a recent gathering hcld in favour of the handicapped by the
World Rehabilitation Fund in Mew York, Secretary General U Thant pointed
out that during the first 25 yeuars of the United Nations activities, its social and
humanitarian objectives were at times overshadowed by the tremendous
political responsibilities which the Organization has had to asssume in trying
to keep peace among its member-nations.

However, during this 25-year period varicus programmes of technical
assistance to developing countries, organized by the United Nations and the
Specialized Agencies, have contributed considerably towards solving some of
the urgent economic and social problems in those countries.

Development of rehabilitation services for the disabled, which started 'in
1950 is onc cxample of such activities. At that time the United Nations
juintly with the Specialized Agencies and in consultation with interested non-
governmental organizations, created an international programmc for rehabi-
litation of the disabled. The aim of that programme is 10 provide advisory
services, fellowships, training opportunities, necessary information and other
forms of field assistance to developing countrics. That programme is still
operative and now for the first time there arc a number of countries from
Africa requesting the kind of tcchnical assistance which has been provided
1o developing countrics in other parts of the world.

We are presently considering possibilities for an international exchangc
of experience and information regarding the application of modemn scicnce
and technology in thc development of rehabilitation services for the disabied.
Some think that modern scientific and technological achicvemcnts not only
open a ncw perspective for improving these services but can actually bring
about a real revolution in services for the handicapped.

There are also urgent problems concerning prevention of disability to
which the United Nations attachcs preat importance, especially the research
necessary to understand and prevent causes of defects. Certain diseases, leprosy
for example, can result in chronic disabilities, and we are warned that there
might be a link between some eye-diseases and Vitamin A deficiency in the
diet of pre-school children in certain developing countries. These factors are
additional to those which are the common causes of disability, such as wars,
traffic and other accidents.
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The United Nations co-operates with a number of noen-governmental
organizations in attempting to solve these problems and the world organization
is open to all constructive initiative towards that end.

The discussion of certain specific aspects of the problem of disability
during this confecrence will, no doubt, help our work on behalf of the
handicapped.

ALLOCUTIONS D’OUVERTURE DE LA CONFERENCE

Maurice MAROIS

Mesdames, Messieurs, c’est un grand privilige pour moi que de vous
souhaiter la bicnvenue. Nombre d’entre vous ont accepté de parcourir des
milliers de kilomeétres. Vous voulez bien consacrer du temps, de la pensée, de
I'énergie pour mesurcr avec lucidité mais avec espoir les perspectives ouvertes
par l'initiative généreusc du Docteur McBride, premicr lauréat du Prix de
I'Institut de la Vie.

Fexprime & Monsicur Robert Boulin, Ministre dc 1a Santé Publique et
dc la Sécurité Sociale et & Mademoiselle Marie-Madeleine Dicnesch, Secrétaire
d’Etat, notre reconnaissancc pour avoir accordé leur haut patronage A cette
manifestation et pour avoir tenu & se faire représenter pendant la totalité

de la durée du Congreés par Madamc Fargat et Madame Lefevre-Paul.

Jexprime ma gratitude 4 M. Dcnis Forestier et 3 1la Mutuelle Générale de
I'Education nationale, nos hotes, & Jean Chenevier et A la Société Frangaise des

Pétroles B.P., au Docteur Charles Mérieux et a I'Institut Mérieux sans qui
une telle réunion n'aurait pas été possible.

L’Institut de la Vic est une institution 4 vocation universelle fondée en
1960 sur deux thémes d’unité : la science et la vie. Cct Tnmstitut n’a aucun
caractére politiqgue ni polémigque. Clest une ceuvre constructive sans autre
arricre~plan philosophique que la rcconnaissance de 1a valeur de la vic ot de la
grandcur de 'homme. Des Comités de I'Institut de la Vie existent dans de
nombreux pays. Ils sont constitués par des personnalités du plus haut niveau
de conscience ct de pensée. Une institution ccntrale unique pour I'ensemble du
monde est actucllcment en voie d’établissement.
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L’Institut de la Vie organisc dc grandes conférences internationales sur
des thtmes d'intérét majeur pour ’homme et la société. Le 22 juin dans la
Galeric des Glaces du Chiteau de Versuilles, le premier Prix de IInstitut
de la vie a Cté solennellement remis 4 William McBride pour avoir incontesta-
blement le premier dénoncé un cas d’agression flagrante contre la vie : Iaction
tératogéne dc la thalidomide sur I'embryon humain. William McBride a décidé
de créer un fonds de caractére scientifique pour la prévention des handicaps
physiques et menlaux. Il consacre le montant de son prix & cc fonds et il a
lancé un appel en Australie, son pays.

L'Institut de 1a Vie a hautement apprécié la générosité du geste du
Doctewr McBride ct il souhaite Iaider.

Certes, il n’est pas question de nous substituer 2 tanl dc laboratoires,
d’institutions nationales, intcrnationales, gouvernementales, intergouvernemen-
tales et il nous plait de rendrc hommage 2 leur ceuvre scientifique ct sociale,

L’lnstitut de la Vie ne pourra jamais rassembler les moyens d’une
recherche a I'échelle plunétaire. Son propos est plus limité mais trés important.
Il pourrait étre:

— de définir les grandes voies duns lesquelles 1a science devra s’engager,

— de soutenir aupreés des fondations nationales ct des organismes gouver-
nementaux les équipes de savants qui lui semblent les plus aptes,

-— de sensibiliser davantage cncore 4 I'importance de la science appliquée
a la prévention, Popinion publique, Tes institutions 3 vocation sociale, lcs
organismes gouvernementaux et intergouvernementaux, ete.,

— de collecter les informations,

— de dépister,

— d’éduquer,

Afin de donner une armature scicntifique et une dimension mondiale 2
Tinitiative du docteur McBride, IInstitut de la Vie vous a conviés.

Notre confiance et notre cspoir sont trés grands.

Les deux premiers jours de notre conférence seront consacrés & Ia
stratégie scientifique. Les six thémes qui seront traités devant vous et discutés
par vous ne sont pas limitatifs. La stratlgie institutionnelle fera I'objet de nos
débats du troisitme jour.

Je déclare ouvert notrc Congreés et je prie Monsieur le Professeur Rohert
Debré de I'’Académie des Sciences de nous faire I'honneur de présider cette
session,
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Rohert DEBRE

C’est un grand honneur et un grand privilége pour moi que d’dtre appelé
a présider cetic premidre séance de votre réunion. A celle-ci prennent part des
médecins et des biologistes de grand renom dont les élwdes sur les grands
problimes dont vous allez vous préoccuper ont une importance majeure, Ce
travail concerne un des points capitaux de la santé publique ct de la médecine
des cnfants. Cest Ic probleme des malformations congénitales et des erreurs
innées du métabolisme. Maintenant que recule lc danger des infections acquises,
devient plus important le souci des désordres congénitaux. Grice & la génétique
et aux Ctudes faites sur le rdle de I'environnement dans le développement
humain, nous pouvons progresser duns ce domainc. On considérait autrefois
les malformations congénitales et les crreurs innées du métabolisme comme
inévitables ct incurables. Une réunion comme la votre, Finitiative qui cst prise
ict signifient que nous ne considérons ces malformations, ces erreurs inndes ni
comme inévitables ni commc incurables. En effet, on peut aujourd’hui mieux
lutter contre ces malformations. La chirurgic des malformations cardiagues, la
chirurgie des malformations urinaires, la chirurgie des malformations du tube
digestif font d'inccssants progrés et nous instituons maintenant des Services de
cardiologie de l'enfant, par excmple, ot il ’y a plus puére de Iésions
rhumatismales mais ol tout Ueffort se porte sur Ic dépistage des malformations
congenitales et leur traitement. Les erreurs innées du métabolismc décelées dc
bonne hcure peuvent éire Pobjet dc mesures préventives efficaces; Parriération
phényl pyruvique, les altérations de Iz galactoséntic, l'intolérance an fructose,
en sont des exemples.

Des régimes appropriés donnés dés les premiers jours de la vie et suivis
attentivement pendant de longs mois ou de longues années permettent d’éviter
les désordres secondaires avant tout cérébraux si graves chez le nouveau-né
et le nourrisson. Donc la voie cst ouverte a 1a guérison possible de malfor-
mations congénitales d’une part, derrcurs innées du métabolisme d'autre part.
Mais cette voie n’est pas la meilleure : 1a vraie voie cst celle de la prévention,
Pour cela, il faut essayer de comprendre les causes de ces erreurs innées
et de ces malformations congénitales. Or, deux directions s’offrent i mous :
d'une part étude de I'hérédité qui va permettre de plus en plus de percevoir
les risques innés qui dépendent de nos chromosomes ¢t de nos géncs. Ce
sont, par consquent, des ¢études dans ce domaine qui mous permettront
d’apercevoir les données et de diriger les consultations d’eugénique en voyant
ceux ou celles qui sont porteurs de Ia tare et qui sont susceptibles d’engendrer
des sujets tarés.
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Mais ce n’est pas seufement le poids de I'hérédité qui pése ¢t dont nous
aurons a apprécier la lourdc scrvitude, ce sont aussi les conditions mémes
de la reproduction et de la fécondation. Tn effet, les cellules germinales
humaines se modifient : elles vieillissent chez la femme qui a son €quipcment
tout prét depuis sa naissance. Elles se modifient également chez Ihomme
et il n'est pas indifférent qu'un spertnatozoide émis depuis quelque temps
aille féconder un ovocyte. Il n'est pas indifférent que I'ovocyte soit fécondé
chez une fcmme 4gée ou chez une femme jeunc. T.cs conditions mémes de la
reproduction font donc l'objet d’études attentives. Fnsuite, & partir de cette
cellule et avec unc prodigiense rapidité, se forme un embryon, puis un feetus.
Celui-ci est exposé & tous les risques, 3 tous les traumatismes, 4 tous les
chocs de Ienvironnement. Et I'étude de la grossesse avec ceitc division
fondamentale entre les grossesscs normales et les grossesses & haut risgue
doit solliciter au plus haut point I'attention des obstétriciens. Puis vient le
dramc de la naissance : cette phasc difficile ot I'enfant abandonne la vie
intra-utérine pour « venir av monde », comme on dit.

Pendant cette période, bien des ¢vénements peuvent se passer et, vous
le savez, P'accident qui trouble l'oxygénation ou Téquilibre du pH atteint lcs
cellules nerveuses d’une facon redoutable au point que le désordre de quelques
instants pcut peser sur la vie toute entitre. Dans les premidres heures de
Ja vie, dans les premiers jours de la vie, les conditions dans lesquelles est placé
le nouvean-né ont une action décisive.

Dol nos soucis et nos soins pendant cctte période de I'existence.

Vous étes placés, par vos études, & Porigine méme du développement
de T'hommc, mieux encore a l'origine de sa formation, et les travaux qui
permettront d'Celairer ce qui se passe dans ccs instants solennels, dans ces
minutes, dans ces scmaines et dans ces mois déeisifs, doivent permettre d’éviter
une grande partic des malheurs qui tombent sur des familles et qui atteignent
un nombre encorc trop ¢levé d'enfants dans nos pays. Jc pense donc que vos
travaux ont un intérét considérable et je leur souhaite un trés grand succés

en félicitant le Professeur Marois, une fois encore, de vous avoir réunis.
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THE NATURE AND DISTRIBUTION OF BIRTH
DEFECTS IN MAN

William MC BRIDE

M.D. T RC.OG.
Sydney Hospital, Harley, Hartsville 2220 (Austraiie}

Many of you must have wondered why youre here; why did you
lravel so many thousands of miles at a time of year when youre probably
very busy, to come to this meeting? I think yow're here in answer to a
challenge. I, personally, am surprised that you're here. Lxactly one menth
ago, I was in Paris returning from a World Health sub-committee meeting
held at Oxford University and T called to see DProfessor Marois. At that
stage, he hadn’t been able to arrange the funds for this mecting. The outlock
seemed hopeless. An international monctary crisis was on at the time. Everyone
we had approached for funds had very good rcasons why they couldn’t help
us, and I said to Professor Marois: “ 1 think, with four wecks to po, we
must call this meeting off. I don’t think we can possibly hold it *. He asked
me a question. He said: “ Are vou enthusiastic? ”. I said, * Yes, T am
cnthusiastic *. He said, “ If you are enthusiastic, I am optimistic ”. T didn’t
quile share his optimism. I did, however, approach Quatas, the Australian
airling, to see if they could help out in reducing fares. They said they didn't
fly to Paris, but they would take it up with some other companies and arrange
some intcrnational transport. A few days later they told me this could not
be done.

A day or two later, I received a cable from Professor Marois saying :
“ Do not worry. All is arranged. I have arranged the finance . I thought
perhaps there had been a mistake in the translation of this cable, so I put
in a telephone call to him and he reassured me that this was the case.
I simply do not know how he does it. The amount of energy he has to
arrange these mectings, it just hewilders me.

I am amazed that this meeting is actually taking placc, and T am
delighted to see so many people from so many parts of the world here with
us today. I feel that being at this meeting you will not be disappointed that
you did make the effort to travel so many thousands of miles in many cases
to come to Paris for this meeting.
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T come from Australia, which to many of you is on the other side
of the world, where people walk on (heir heads, and is not of any great
consequence in international affairs. We have a population of 13 millions,
and the state in which 1 live has a population of 4 millions. T work at the
largest Maternity Hospital in the city of Sydney, where 7,000 babies arc
born every year. It's not the largest in the country: the Royal Womens
Hospital in Melbournc is bigger, s0 we do sce a fairly large volume of work.

I might remind you, I hope you won't think T am praising Australia,
but it was in 1941 in Austraflia that Gregg recognised the dangers of rubellu,
a mild disease in women, but with terriblc consequences to the unborn child.
In the early 1950’s, Dr. Katc Campbell of Melbourne pointed out that she
thought that high concentrations of OXygen in premature babies could result
in subsequent blindness, and in 1961, it was at our hospital that T discovered
the dangers of thalidomide.

Now when cach baby is born, Tl just run through this quickly, so I
can show you how our stalistics are derived : it has to undergo a gencral
inspection, looking out for ohvious faults such as cleft lip, mongolism, gross
abnormalities such as anencephalus, hydrocephalus, monsterism and cyanosis.
We turn them over and inspect the spinc, locking for spina bifida cystica,
Then they uundergo a detailed cxamination of the face and hicad, including
measurements of the circumfercnce of the head, again looking for cleft lip;
looking at the eyes for mongolism, epicanthic folds, protruding tongue, micro-
glossia, micrognathia, and again hydrocephalus. We look at the eyes for
ocular malformations and for Brushfield’s spots. We inspect the mouth for
cleft palate. We examine the neck for goitre, branchial cysts, webbing of the
neck and sternomastoid tumours. Then We turn to the hands for polydactyly,
simian creases, curved fifth fingers, examine the arms for malformations,
abnormal shortening and absent or restricted passive movement, We inspect
the thorax and dotect the site of the cardiac impulse. We auscultate the
thorax for cardiac murmurs and bowcel sounds, in case of diaphragmalic
hernia. W examine the abdomen for cpigastric pulsation, umbilical hernius,
examine for cctopia vesicae and intra-abdominal tumours, and we count the
number of vessels in the umbilical cord. We then inspeet the genitalia and
hydrocele, imperforate anus and pscudo-hermaphroditism, We examine the
anus, for hypospadias, cpispadias, undescended testes, inguinal hernia,
hips and femoral pulses and look for congenital absence of femoral pulses,
coarctation of aorta, exaggeration of femoral pulses (patent ductus artcriosus),
limitation of abduction for congenital dislocation of the hip, examination of
the feet for talipes and longitudinal plantar crcase in Mongolism, and also
Polydactyly, And we test the baby’s Moro reflex. And what does this show
us 7 Diminution or absence (severe cerchral defects).
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We find the incidence of severe congenital malformations in the last
two years — in the public Service of the womens Hospital (Sydney) there
were 43,000 babics born : severe abnormalities had an incidence of 2 per cent
of all births. Talipes requiring splinting, an extra 1 per cent. In addition,
there were 4 per cent of babies with mild degrees of talipes which required
physio-therapy and perhaps splinting for a few days, but not prolonged
splinting as did the 1 per cent of births,

Now the pcri-natal mortality of babies with abnormalities, still birth
rate was 4 per cent, neo-natal death rate 16 per cent, a total of 20 per cent.
So of all the babies born with congenital anomalics, 20 per cent died, either
stillborn or in the neo-natal period, so we had a peri-natal death rate of
20 per cent, one in five. We had major physical abnormalities compatible
with life of 1.5 per cent of babics, one and a half in every hundred.

Now the table 1 shows the break-down of the twelve most common
abnormalities in these 43,000 births. You see, actually there are 13, because
we have divided cleft palate, clcft palate where it is associated with cleft

TasLe |

Incidence of abnurmalities 43,012 babies born women's hospital, Sydney. 1961-7¢

| Per 1,000 bisihs

C. Heart disease 3.7

Hypospadias 1.8

Down’s syndrome 1,32
C. distocation hip 0.90
Anencephaly 0.89
Upper limb deformilics 0,88
Hydrocephalus 0.70
Meningo-Myelocele 0.65
Multiple abnormalities 0.65
Cleft palate & lip 0.60
Lower limb deformities 0.49
Clefl palale 047
Tracheo-Qesphageal fistula 0.23

lip, cleft palate alone. So thesc arc the big twelve m our country. You can
see that congenital heart discasc heads the list with 3.7 per thousand Dbirths :
hypospadias is next with 1.8, Down’s syndrome 1.32 per thousand : congenital
dislocation of the hip 0.90 per thousand : anencephaly 0.89 per thousand :
upper limb difformitics 0.88 per thousand : this takes in the thalidomide year,
we excluded the thalidomide babies, we didn’t have many of them, there
were only about four in our hospital, but we excluded those to get us a
truer representation : hydrocephalus 0.70 per thousand : meningo-myelocele
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0.65 per thousand : multiplc abnormalitics, multiple scvere abnormalitics,
cxcluding Mongolism (Down’s syndrome) with other abnormalities, 0.65 per
thousand : cleft palate and lip 0.60 per thousand : lower limb difformitics,
again excluding thalidomide, 0.49 per thousand : cleft palate, not associated
with a cleft lip 0.47 per thousand : trachco-cesphageal fistula 0.23 per
thousand, So thesc were the big twelve in our hospital,

We did not detect them all, I am sorry lo say, We do miss some babics
with congenital hcart disease. Our examination of the eyes lcaves a lot to be
desircd. We do examine the eyes of babies born prematurely, treated in the
premature nurseries, and any other suspected cye abnormalitics, but all our
babies do not get a thorough routine examination of the cyc whilst they
are in our hospital for the first weck of life,

And then wc come to the child at the age of one vear. You find thal
some 5 per cenl of children, and this is confirmed by our school medical
service which is an extremely guod one, 5 per cent of children have got
some quite severe abnormalities; — Heart disease, visual defects, blindness,
— so that we find that 5 per cent of children at the age of one year or
older have got some scvere disabilitics. These arc purely physical disabilities.
‘Then 2 per cent of our children born in the State of New South Wules have
fo go to special schools because they are suffering from cerebral Palsy,
2 per cent.

A recent survey, undertaken by the Spastic Children’s Centre in Sydney
found that in addition 3 per cent of school children who could go to a normal
school, a normal primary school, had mild degrees of cerebral palsy. Children
who were unable to write very well, who could not perform finc movements
well, werc subjected to an E.E.G. cxamination, and they found abnormal
rhythms and asymmetrical E.B.G. in 3 per cent of children attending normal
schools. So we get a total of 5 per cent with cerebral palsy — 2 per cent
were severc. These children have to be collected in a school bus, a smal}
bus, and taken to the nearcst school for spastic children, so that we get an
incidence of 2 per cent requiring special therapy for cerebral palsy.

Then, in our New South Wales schools, we find that 5 per cent arc
unable to undertuke a normal school curriculum. When these school children
arc subjected to intelligence tests at the age of 9, we find that 10 per cent
have an 1.Q. of Icss than 80. 5 per cent — half of these — have to have a
special syllabus. Schooling in Australia is compulsory and hus been for the
last cighty years — a child must start school by its seventh birthday, unless
it has medical certificates to say that it is unable to attend u school. The
majority of children commence school at the age of five vears. There are
six grades in the primary schooling. They finish primary schooling about the
age of 11 or 12, then the higher schooling goes on for another six grades,
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They cannot leave school. It is compulsory to attend a school until the
age of 15 years. So that 5 per cent have to go to schools for mental retar-
dation, These, in about half the cases, 2 and a half per cent, will, by the
time they are 15, will be able to reach approximately a sixth grade siandard
of education.

That is, they will reach an education standard of a normal 12-year old
child. So that we have a total of 5 per cent born with physical abnormalities,
5 per cent with cerebral palsy and 5 per cent with mental retardation, a total
of 15 per cent as I'll show later, there will be some overlap in these groups.

Now, major physical defecls @ cven if we put these down at 1.5 per
cent, if we exclude such things as cleft lip, cleft palate, which can be treated
by plastic surgery, hypospadias, which can be cotrected by plastic surgery,
we find that of major physical defects we have an incidence of 1.5 per cent.

Scvere cercbral palsy @ T said a moment ago that 2 per cent had to go to
schools for cerebral palsy, severc cercbral palsy, where they will probably
not be able to undertake any kind of work except in a sheltered workshop,
1 per cent, and mental retardation where they will never be able to make
sure if they have been given the correct change if they buy something in the
shops, that 2 per cent with quite severe mental retardation, they can never
be thoroughly educated so that 5 per cent of all children born in the state
of New South Wales where people are well-fed, well-housed, don’t suffer
from mal-nutrition, 5 per cent of babies carry a handicap for the rest of
their lives,

Just to emphasisc that 15 per cent overali. When vou take out the
overlap, it comes down to about 12 per cent of the children have got either
physical abnormality, cerebral palsy or mental retardation, but 5 per cent
have a very severe disability. One child in every twenty born.

The table 2 T have just included to show the cffects of rubella in women
who had suffered from rubella in the first trimester of pregnancy : rubella
now should be a preventable disease. The virus has been isolated, a good
vaccine is available, but in the days before rubella was preventable in our
hospital where pregnancy was not terminated for various reasons, 79 per
cent of women had normal children if they suffered from rubella in the first
trimester, the incidence was much higher if they suffered from it in the first
four weeks of pregnancy than later on. But of the rest of the children, 9 per
cent had deafness, 4.5 heart defects, heart and eye defects, 3 per cent,
deafness and heart defects 1.5 per cent, deafness and eye defects 1.5 per
cent, mental defects and heart and eye defects 1.5 making a total of 2[ pcr
cent.

With recent work, we should be able to eliminate rubclla as u cause
of congential abnormalities.
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Tame 2

Results of maternal rubella (15t trimester)

r % %
Normal children 79
Affceted children - 2

Deafness 9.0
Heart defects 4.5
Heart & Eye defects 3.0
Deafness & Heart defects L5
Deafness & Eye defects 1.5
Mental defect, BEye &

Heart defects 15

Cerebral palsy : Hypoxia in late pregnancy, or even earlicr in pregnancy,
may account for this high incidencc of cerebral palsy. We know this is likely
to occur in placenta praevia. If thc woman has an accidental haemorrhage
or a abruptio placenta as the Americans prefer to call it, late in pregnancy,
a prolapsed cord during labour, or are in this group which we call placental
insufficiency, and we’ll interpret that later in this meeting. So that we know
that hypoxia accounts for quite a percentage of children born with cerebral
palsy.

Smull for dates babies : the baby which goes to term or approximately
term, and is very small in size, it has a low birth weight, it, of course, as we
know, has a higher incidence of physical anomalies, chromosomat anomalies
and mental rctardation. So that we know we've got this special group of 2

baby that we can detect during pregnancy, i’s not growing at the rate it
should be, it’s suffering from malnutrition in utero, or hypoxia in utero, at
birth it is small for the duration of pregnancy and this baby is at special risk.

Conclusion

The incidence of children born in this atomic, space-travel era with
severe physical or mental handicaps which they will carry, in the majority of
cases for the duration of their lives is appalling. Is it not time that some
concerted cffort was made for the reduction of this human misery ? Although
there is excellent work being undertaken in various centres, in teratology, fetal
physiology, fetal pharmacelogy, pre-natal diagnosis, is the amount of work
and the amount of research funds devoted to this work sufficient to reduce
this disturbingly high incidence of birth defects ? What greater challenge can
we be given than o lighten the burden of this human misery by reducing this
appalling wastage ?
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R. DEBRE: Merci beaucoup, Dr. McBride, de votre exposé qui nous a
beaucoup, beaucoup intéressés et qui est la mcillcure préparation a la
discussion. I'ouvre la discussion. Avez-vous des rcmarques 2 faire, des

.

questions & poscr au Docteur McBride ?

C. LEVINTHAL ;

1. To what extent does rubella — detecicd or undetected — contribute
to your overall figures 7

2. Have you any data on the effects of smoking in producing birth
defects 7

W. McBRDE : As regards rubella, pregnancy in our country can be terminated
if there arc medical indications. The muajority of women who suffer from
rubella in the first trimester we regard as being at risk, sincc we know that
there is about 21 per cent of babies affected, we regard this as rcasonable
grounds for termination ,and the majority of these pregnancies arc terminated.
The rubella babies would be included in those figures, those that arc not
terminated. Unfortunatcly, in Australia, it is an endemic disease, although a1
present we have an cpidemic. We have an active campaign to immunisc
all school-girls at thirteen ycurs; any woman who wants to be immunised
can be immunised against rubclla — T feel that the rubella question is one
which we will have eliminated. As regards smoking, if you ask me this in
two years' time, I may be able to give you some figures; two years ago, we
startcd to computerise all our obsictric histories; we have a computerised
form and on this form, smoking is onc of the questions asked of the mother,
if she smoked before pregnancy, during pregnancy, how many cigarettes
a day... I have read, of course, the work publishcd in Fngland where they
feel there is a higher incidence of congenital heart discase amongst the
offspring of mothers who smoke during pregnancy; we should be able to
produce some quitc interesting figures in perhaps a year’s time on the subject.
We are doing the whole of Australia, in the major teaching hospitals all
their obstetric histories arc going on to a central computer.

K.N. DEGENHARDT : 1 am very impresscd by the presentation of the data
on the incidence of congenital anomalics in the unborn and in the one-year
infant,
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Australia and West Germany are far distant, but I can say on the
background of a large prospective study since 1963 that the incidence of
physical anomalies is just the samc in our country, In spring this year
participating in the first meeting of thc Furopean Teratology Society at
Cardiff, T pot aware that the incidence of ancncephaly is ten times higher in
Wales than [or example in Frankfurt city. We should pay attention to different
types of congenital anomalies in different countries. To focuss on etiology
of congenital malformation, 1 may recommend to begin with prospective
investigations also in Australia, as it is going on so excellently in the U.S.A.
in France (Paris), in Finland, Denmark, Scotland, W¢ have to focuss more
attention to the first thrce months of pregnancy, when the majority of
congenital anomalies may be caused.

M. McBribE : Thank you, Profcssor Degenhardt. We have recently under-
taken a prospective study. Every pregnant woman that enrolls in our hospital
is given a booklet, which is a diary. She is asked to record if she develops
any fever, the date she develops it, if she consults a doctor, whal the
diagnosis is; if she is given any medication at all, she is to record it, if she
takes an aspirin for a headache, she is to record it

D. Hsia: I wish to emphasize the importance of hyperbilirubinemia in new-
borns, There is considerable evidence of an incrcased incidence of jaundice
in Far Eastern countrics not related to G6PD deficicncy. It seems that this
is seen more frequently in countries with G6PD deficiency though not
necessarily seen in association with it

W. McBRIDE : 1 should have mentioned, 1 omitted, we have screened for
some five years, every baby born for phenylcetonuria and all jeundiced
babics are screened for GOPD deficiency,

T. INGaLLs : Is ultrasound, always without risk even if used in very carly
pregnancy, when the feetus is very small.

W. MCBRIDE : You're probably aware of the recent work that’s been donc
in England, Profcssor Ingalls, the London group maintain that it is. I myself
feel we can’t give a conclusive answer ai this stage. They published their
report, I think, in The Lancet in October, and it seemed convincing, but I
agree with you, perhaps it requires further investigation.

P. MARrks : With respect to ascertaining whether there is a relationship between
G6PD deficiency and jaundice, screening during jaundiced or early post
jaundiced period may not be valid. In presence of hemolysis, enzyme level
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will be high owing to young cell population. Probably screening data — to he
valid — should be based on studies in infants after 6 months of age.

W. McBRIDE : It's usually three months afterwards, in the majority. They're
not screencd immediately, but they're followed up of course, particularly the
severe ones where they needed exchange transfusions, they are followed up
for months, but T think it is at about three months they start to screen them.
Do you think that’s too early ?

A.A. MoscoNa : Do you have information which would allow you to estimate
how much of this high perccnlage of congenital abnormalitics may be due
to a genetic background or to cnvironmental factors ?

W. McBRbE: We don’t screen all parcnis of babies born with congenital
anomalies, unfortunately, and I must confess this. Of course, all babies
with Down’s syndrome, their parents are thoroughly investigated, if there is
a persistent family history of anomalies, or rccurrent abortions, then they
are screened, they do have chromosome counts, but T would think that the
majotity I use the term “ environmental ” loosely, arc of cnvironmental causes.

C. LeviNTHAL : Does anyone have data on defect frequency in areas where
nutrition and medical carc is not as excellent as it is in Australia ?

W. McBRiDE : Across the aisle from you, Professor Warkany may bhc able
to cnlighten us on this, but I have made several trips to India for United
Nations and I feel that in a country like that, where the patients are in
hospital for a very short time, Singaporc, Thailand, and from what I could
see, the babics weren’t thoroughly screencd and I doubt if I could accept
any published figures from those places, but Professor Warkany has made
an intensive study of these from various countrics, and T am sure he’d be
able to help.

J. WARKaNY : I'm sorry, I have to disappoint you. The situations are so
complex. You arc dealing with different ethnic groups, you are dealing with
different socio-economic groups, you are dealing with different geographical
sitwations, different medical care, so the figures arc not comparable.

R. DeBRE ; 11 faut répéter encore, que les études prospectives sont absolument
indispensables et celles qui vont étre poursuivies dans les différents pays vont
nous renseigner. Nous savons en effet que les malformations congénitales,
et Fanencéphalie dont on a parlé tout & Pheure, sont dunc fréquence trés
variable suivant les groupes cthniques. On ne peut donc pas tirer des
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conclusions générales des statistiques capitales qui nous viennent d’Australie
aujourd’hui, ct les comparaisons avec les dillérents pays vont étre d’une
importance extréme pour apprécier des fréquences et, comme on Pa dit,
pour chercher I'étiologie. Nous allons donc pour lc moment abandonner cette
discussion et passer au probléme et A lorateur suivant.
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THE EFFECTS OF MALNUTRITION
ON BODY STRUCTURE AND FUNCTION

R.G. WHITEHEAD
Child Nutrition Reseurch Unit, P.O. Box 6717, Kampala

This conference is centred mainly around the early “formative” period of
human life, When [ was asked to attend and to give this lecture, I was pleased
but a little surprised since my own research work is concerned with the effects
of protein-calories malnutrition on body structure and function during the
first three years of extra-uterine life. There has, however, been a growing
appreciation of the relevance of studies in young children to the nutritional
problems of other age groups including those in women during pregnancy and
lactation, What T shall do is to discuss briefly my own work in Uganda and
highlight the relevance of these investigations to the main subject of the
meeting,

In many ways protein-caloric malnutrition is one of the most complex
diseases which affects man. It is necessary to have a clear understanding of
the pathophysiological mechanisms which are involved in the actiology of the
different forms of protein-calorie malnutrition, for this basic knowledge is
essential for the development of improved methods of early diagnosis as well
as for improvements in other methods for the prevention and treatment of
malnutrition.

In both children and in adults therc arc two main types of protein-caloric
malnutrition : Kwashiorkor, which is found in people who eat predominantly
high carbohydrate containing staples, and Marasmus, which results when the
balance of the different dietary constituents is reasonable but food is available
in amounts well below maintenance levels.

The cause and clinical features of nutritional marasmus have been
recognised for thousands of years. Throughout evolution, starvation has been
a constant problem and the threat of it a decisive factor directing the course
of mens’ history. Nutritional marasmus can develop in people in any age. The
main features are a grotesquely thin person with a wizenned face, protruding
ribs and knees and feet which appear disproportionately large on thin legs.
There is very little subcutaneous fat and the muscles are very wasted.
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In contrast to marasmus the syndrome now known as kwashiorkor has
been recognised only relatively recently as a nutritional discasc, The namc was
first uscd by Cicely Williams [1] in 1935, who stressed primary protein
malnutrition as the cause, but not until the 195(0’s did this concept become
universally accepted; many doctors regarded infectious diseases or vitamin
deficiency as a more likely actiology.

Much of the earlicr literature is concerned with emphasizing the clinical
differences between kwashiorkor and marasmus, Growth failure in kwashiorkor
is not as marked as it is marasmus and the main abnormality is oedema,
resulting in swelling of the feet, lower lcgs and often the hands, lower back
and the face. Gross misery, illustrated by lack of interest and movement
together with a feeble whining cry are additional dominant features. Other
clinical abnormalities are a fatty liver sometimes accompanicd by hepatomegaly,
skin lesions and hair changes.

The same syndrome is seen in older children during adolescence and my
colleaguc Dr. J.P. Stanfield has seen pregnant and lactating women exhibiting
the same pathological features.

As doctors became more conversant with cases of kwashiorkor and
nutritional marasmus, they realised that many mal nourished people did not
fit exactly into either catepory and showed clinical signs of both types of
malnutrition. The term protcin-calories malnutrition was therefore introduced
to describe the complete spectrum of clinical conditions ranging from classical
kwashiorkor to classical marasmus. As with so many new concepts, the true
purpose of the new terminology was misunderstood and protein-calorie malnu-
trition hegan to be used uncritically as a convenience diugnosis, little attempts
being made to indicate the specific problems of the individual. Tt was mainly
for this reason that, in 1966, McCance and Widdowson {2] wrote a paper
re-emphasizing the fundamental nutritional and metabolic differences between
kwashiorkor and marasmus. Their view has, however, not gone unchallenged.
Gopalan {3], at a meeting in Cambridge in 1967, categorically stated that in
India there was no difference cither in the types of food or in the quantities
of nutrients eaten by children who developed kwashiorkor or marasmus; there
was no evidence that the mothers of kwashiorkor patients had tended to
« push » or force-feed starchy foods. Similar sentiments have been echoed
recently from increasing numbers of nutritional scientists in other parts of the
world.

Thus, it must be admitted that we still do not fully understand why some
malnourished people dcvelop along the kwashiorkor pathway and others
towards marasmus or along intermediate pathways to marasmic kwashiorkor.
However, at the two ends of the protcin-calorie malnutrition spectrum, two
distinct, clinically-recognisable syndromes do exist. It is essential for us to
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decipher the physiological and pathological processes which result in these
two syndromes. We must not just talk vaguely about possible clTects of malnu-
trition in general, say on pregnancy and lactation, we must consider the effects
of specifically different types of malnutrition.

During the course of development of nutritional marasmus, starvation
results in the gradual wasting of muscle and subcutaneous fat and until carried
to cxcessive limits thesc can be regarded as mnormal physiological adaptive
processes. The body tissues need energy for survival and if sufficient cnergy
is not available from food it must come from the body itself. The wasting
of muscle and subcutaneous fat also probably protects other essential body
processes as well and the way that this might occur is shown in Fig. 1.

BODY WASTING

N

MUSCLE SUBCUTANEQLS
WAST I NG FAT LOSS
FATTY ACIDS
ose - . | /\
ﬁﬁ?ﬁyic%ns SYNTHES | S ENERGY
OF VARIOHS

METABOLITES

ENERGY PROTEINS ESSENTIAL
INITIALLY FOR HOMFOSTASIS
FOR BRAIN

Fig. 1. Basic adaptation to total calorie deficiency, Reproduced from the British
Medical Bulletin [4]
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The breakdown of muscle protein ensures the availability of amino acids
for transamination Lo alanine, the most important of the substrates used for
the hepatic synthesis of glucose. Glucose is essential as an energy source for
brain metabolism at least during the early stages of total calorie deprivation.
Fsscntial amino acids are also made available by muscle wasting and thus,
in the marasmic type of malnutrition, scrum amino acid patterns and synthetic
products ,such as serum albumin and 3-lipoprotein can remain in remarkably
normal concentration,

In marasmus gradual body wasting is the maio feature, metabolic abnor-
malities and cellular derangement are confined mainly to the terminal
stages [4].

During the development of classical kwashiorkor, however, the situation
is quite different. Man clearly has metabolic difficultics in adapting to foods
with a high carbohydrate content, particularly when the protein content of
thesc foods is low too. This is probably because, on the evolutionary time
scale, it is only relatively recently that man has actually cultivated such crops.
In young children metabolic derangemcnts can become apparent quickly and
lead, in extreme cases, to gross- pathological abnormalities such as ocdema and
a fatty liver. Why a failure to maintain homeostasis should be so prevalent in
the kwashiorkor type of malnutrition is still the subject of much research [4].

In people living on the type of high-carbohydrate foods that predispose
towards kwashiorkor, there is less need for am aceclerated tissue catabolism,
since rcasonable, although often still limited supplies of energy are available
in the diet. Furthermore, the dietary carbohydrate, on digestion, provides the
glucose units necessary for brain metabolism and thus muscle breakdown and
a subsequent high rate of hepatic gluconeogenensis is not neccssary. However,
because muscle does not waste so readily and because of the shortage of
dietary protein, thc free amino acid pools are not nearly so effectively
replenished and inadcquate amounts of amina acids arc available for essential
synthetic purposcs [41.

The hormonal balance found in such children indicates why these meta-
bolic problems occur.

Fig. 2 shown the fasting serum cortisol levels during the progressive
development of kwashiorkor [5]. Except during the terminal stages when
appetite is greatly reduced, the cortisol levels are low, sometimes so low that
they are barely measurable. This contrasts with the marasmus sitnation when,
as might be expected, the cortisol levels are much higher than normal.

Fig. 3 shows thc corresponding fasting insulin levels [6]. For most of the
time during the development of kwashiorkor, when the children are eating their
high-carbohydrate containing foods, the average fasting insulin levels are higher
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than normal. Only towards the end, due to anorexia, do the insulin levels fall
in concentration.

1
=gyl
1
T

42 38 34 30 26 22 18 14 10
Sernm albumin concentration (gf 100 mL)

Fig. 2. Changes in serum cortisol levels during progressive hypoalbuminaemia [5].

It might be anticipated that relatively high insulin levels and low cortisol
levels would favour the flow of amino-acids out of the serum into muscle cells.
In other words, the net movement of amino acids would tend to be in the
opposite direction in children developing kwashiorkor as compared with those
moving towards marasmus. This i3, in fact, what has been observed; during the
development of kwashiorkor the serum amino-acid pattern becomes gradually
more distorted. Not ali the amino acids arc affected; the changes are mainly
confined to the essential amino acids, concentration of the brunched chain
amino acids, including valine, being particularly marked.
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Fig. 3. Changcs in serum insulin levels duvring progressive hypoatbuminaemia [6].

In Fig. 4 the solid line shows the mean valine concentrations in a group
of 40 rural Ugandan children studied longitudinally, plotted against age [7].
After 9 months there is a progressive fall in valine levels, the lowest values
occurring around 18 months; ai this time the children in Uganda are parti-
cularly prone to kwashiorkor.

The synthesis of serum albumin is very scnsitive to the pattern of amino
acids in the serum, and, one might expect a fall in albumin concentration to
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Fig. 4. Changes in serum valine e——& and albumin concentration O—o
at different ages among rural Bagandu children [71.

follow closely the diminution in valine levels [7]. The dashed line illustrates the
corresponding albumin values. Between 18 months and 2 years the average
serum atbumin concentration was lower than at any other time. It is also of
interest that the zise in average valine concentrations, which occurred after
the children had passed the nutritionally « at tisk » period, were followed
closely by an improvement in albumin concentration.

As the results in Fig. 5 indicate, reduction in albumin concentration are
closely followed by falling lcvels of other circulating proteins such as
B-lipoprotein [8]. It is my hypothcsis that it is this chronic phase of malnutrition
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Fig. 5. Changes in serum B-lipoprotein #——@ and choleslerol concentration o—0
during progressive hypoalbuminaemia.

when biochemical abnormalities rather than body wasting predominates, which
produces the ultimate differences between kwashiorkor and marasmus. I say
this becausc during the acute terminal stages, cessation of growth, further loss
of weight and wasting of fat and muscle occur in both types of malnutrition.

In Guatamala it has been shown that the marked faltering of growth in
malnourished children at this time is usually associated with infection [9]. In
Uganda we have demonstrated that serum albumin levels arc also further
affected for the same reasons.

Fig. 6 shows dramatically the effects of two series of infections, both on
weight loss and on reductions in albumin concentration [10].

In Fig. 7 there are 3 other examples but only showing the albumin
concentrations,

Fig. 8 shows the terminal drops in serum B-lipoprotein levels [10].
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Symbols for Figs. 6, 7, 8.

Upper-respiratory-tract infections. — Colds, pharyngitis, tonsillitis, non-suppurative
otitis media (U), and suppurative ofitis media (0).

Lower-respiratory-tract infections. — Bronchitis (B), pneumania (P).

Gustroinigstinal-truct discases. — Diarrhoca, more than 6 stools per day, possibly
plus vomiting and dehydration {D).

Worm infestattons, — Ascaris (Wa), hookworm (Wh).

Skin infections. — Mild, sboch as impetige and parenychia (I), severe as with
abscesses and/or celiulilis (A).
Specific illnesses. — Measles (Ms), whooping-cough (W), herpetic stomatitis (H),

malaria disgnosed on the presence of maulurianl parasiles on the blood-ilm (M), und
pvrexia of undiagnosed origin, defined as a temperature of greater than 99.6°F
{37.4 °C) (T).

Nous remercions la rédaction de {4 revue The Lancer gui a bien voulu autoriser la
reproduction des figores 6, 7, 8.
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Fig. 6. Relationship between pattern of infection, weight faltering, and episodes of
hypoalbuminaemia in a Ugandan child, Reproduced from the Lasces [10].

Figs. 6, 7 and 8 all emphasize the point that infection and malnutrition
are inevitably interlinked. This is just as true when one is considering a child
or other groups at nutritional risk.
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Fig. 7. Relationship between serwm-albumin and pattern of infection in three Ugandan
children. Reproduced from the Lancer [10).

Why do infections aggravate the nutritional status in this way ? Many
people in the developing countries have diets which, because of their predomi-
nantly vegetable nature, arc very bulky. In Uganda, a child or adult has to eat
about twice the weight of food and about three time the volume compared with
a European, to satisfy the internationally recommended calorie allowances. On
such 2 dict even partial anorexia can quickly result in a fall in calorie intake to
below the levels required for maintenance. Because of the marginal protein
content of the diet, protein intake becomes inadequate too, and, furthermore,
not all is available for synthctic purposes; some of the amino acids are degraded
and oxidised to fill the energy dcficit. Under these circumstances, it is easy to
see how infection can aggravate the already existing nutritional problem of
the child. This is, of course, of considerable practical importance, any public
health programme aimed at eradicating malnutrition should pay equal attention
to diet and disease,

The final fall in serum albumin concentration is preceded by a further
marked drop in valine concentration as well as in the levels of other non-
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Fig. 8 Relationship beiween the B-lipoprotein immunccrit and the pattern of infection
in a Ugandan child. Reproduced from the Lancet [10].

essential amino acids in particular alanine, the latter probably responding to
an increased hepatic uplake for gluconeogenesis. It is perhaps surprising that
these falls occur especially since cortisol levels have risen at this point and
mnsulin concentration has fallen, but the muscle mobilising effects of these
changes on the amino acid pattern is probably negated by a sudden rise in
growth hormone levels which would, once more, stimulatc the passage of
amino acids out ot the plasma [11].

The low serum albumin concentrations are associated with an increased
susceptibility of the individual to an oedematous episode. The open blocks
illustrate the appearance of slight factal swelling, normally called the “moon-
face” and the dark blocks, pitting cedema of the legs. Below an albumin of
3.0 g/100 mi, there is clearly a greater risk of cedema (Fig. 9).

The accumulation of cedema is, ol course, not just a product of hypo-
albuminaemia, factors associated with salt and water retention also play a part.

To summarise : I have traced progressive chunges from apparent normality
through stages in which the body might be considered at risk to kwashiorkor
or marasmus and ultimatcly to the acute pathological condition. Although these
changes might not be the direct concern of this meeting, it was important to
discuss thcm in some detail so that the full range of the effects of diffcrent
lypes of protein-calories malnutrition could be characterised for our round
table discussion. I will now say a few words about malnutrition and pregnancy.
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Fig. 5. Incidence of pitting oedema (hatched area) and u moon face (total area) in
children wilh progressive hypoalbuminaemia.

One might expect that severe primary malnutrition in the mother would
produce a very serious effect on the devclopment of the feetus. However, some
of the available information indicates that even quite severcly mulnourished
mothers, such as those in concentration camps, can produce offspring who arc
surprisingly well developed in weight and height at birth. It was birth rate
which was affected, not the birth weight. On the other hand, I must mention
that Dr. David Morley has convincingly demonstrated that the fourth and
subsequent babies in Nigeria are much morc prone to subsequent kwashiorkor
than the first, second or third offspring. Furthermore, it must be pointed out
that the concentration camp mothers were mainly marasmic, they were not
suffering from kwashiorkor; there could be a difference between the two
types of malnutrition in these effects on feetat development.
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One reason why malnutrition might produce only a small effect dunng
pregnancy is that rclatively little extra protein or calories are essential for the
formation of the child. For example, the FAQ/WHO committee (1965)
calculated that the protein content of the products of conception and of the
increased weight of the maternal reproductive tissucs was about 950 g, which
could be met by an increase of only 0.54 g in the daily net utilisation of
nitrogen. In terms of the FEuropean diel this can be covered by an extra
4-8 g protein/day during the sccond and third trimester. The corresponding
additional energy mtake rccommended was 200 kcal/day.

Of course many women in the developing countries fail to achieve these
extra intakes and the development of the feetus occurs at the expensc of the
mother’s health. In Guatamala low serum valine levels and an unusually low
albumin level was frequently found in pregnant Indian women coming from
the lowest socio-economic class. As I have already said, it is not unknown for
kwashiorkor to appear at this time.

Even if a baby of only slightly reduced weight is born to a malnourished
mother, the subsequent development of the baby will not be normal if her
dictary status does not improve dramatically. The averagc adequate daily
milk output required for normal growth of a baby is 850 ml. This has an
average protein content of 1.2 g % and thus the total daily loss of nitrogen
is 1.6 g per day and this can only be rcplaced by increasing the dietary intake
of protein by some 10-25 g/d, depending on its biological value.

FAO (1957) and the MRC (1968) also recommend an additional
allowance of 1 000 kecal/day of energy intake during lactation. It is, of course,
kntown that many women do not increase their cocrgy intake by anything like
this 1 000 keal/day and they can still produce sufficient breast milk, but this
is because they are utilising the fat reserves which are built up during pregnancy.
The average normal mother has laid down about 4 kg of fat during pregnancy
and this can provide about one-half of the calories required for lactation.

Malnourished mothers cannot accumulate these large amounts of subcuta-
neous fat during pregnancy and often there is insufficient extra food during the
lactation period as well. The nct result is a diminution in the total volume of
milk output.

This has an immediate effect on weight gain. When breast milk output is
maintained as 850 ml/day this satisfies all nutritional requircments until a
child is 6 kg in weight, but if the volume is reduced only slightly to 600 ml this
barely satisfies normal maintenance and growth requirements even in the
youngest child. Much lower breast output value are often recorded in the
developing countries and when this occurs growth practically ceases unless
extra weaning foods can be provided.
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Thus, many children in the developing countrics arc committed to
relatively slow rates of growth from an early age and this can be further
aggravated by successive episodes of primary and secondary malnutrition as
a result of infection. The long term cflccts of this inhibited growth in carly life
can be considerable. Follow-up studics in Uganda on children treated for
kwashiorkor scen up to 3 years after discharge showed no evidence of an
accelerated rate of development, in fact, many of the children appeared even
more retarded than thcy had been during the kwashiorkor episode |13].

A more recent study in Uganda of children 7-16 years after kwashiorkor
indicated that thcy were still small compared both this children of European
ancestry and with a control group of Baganda village children with a similar
geographical and economic background [14]. Bone ape, as assessed on X-ray
films of the hands and wrists was 1-2 years behind chronological age,

There is evidence, however, that somc catch up does occur following
puberty. It is thought possible that growth may coutinue much Iater in people
malnourished in early life, even until they are 25 ycars of age. One hundred
years ago, Dutch army rccruits were still growing between the ages of 18-25
years but today they have achicved their final stature at 18 ycars.

This brings us to the question of cephalopelvic disproportion, which is
relatively common in Uganda and many other developing countries. Until we
have more information, discussion of this point must be somewhat conjectural,
but many girls probably do have babies before a maturc bone structure has
been achieved. The magnitude of the problem is illustrated by fact that even
amonyg ¢lite Ganda tamilies in Uganda the incidence of obligatory operative
delivery for cephalopelvic disproportion is about 12 % . Certainly, Ganda
physique predisposes to cephalo-pelvic disproportion but the nutritional origin
of this abnormality needs to be proved.

I have elaborated on this particular point because malnutrition may have
determined the course of development of 2 mother’s even 20 vears before she
is pregnant |

T think this point is just as worthwhile considering as thc possible effects
of malnutrition on fetus development. It is true that the East African bahy,
like many other African babies, is smaller at birth than the average European
baby; he is lighter in weight, shorter in stature and has a smaller head. But
one has to be cautious about using the word malnutrition to condemn the
stature of these children. Incrcased food comsumption may produce bigger
babies but unless it can be shown that the smatler African baby at birth is at
a particular disadvantage, we should not conclude that they arc nccessarily
malnourished. Tt could be claimed that they have become genetically adapted
to their environment, a small head being of advantage when the mother has a
small pelvis.
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The feetus can, of course, suffer secondary malnutrition for a vatiety of
reasons and the offspring do tend to be small. For example, the effect of
placental malaria on birth weight in Kampala is to causc of 263 g as compared
with the weight of babies from non-infected mothers. Howcver, albumin levels
in children who have suffered from secondary malnutrition might be normal
for that age in spite of the low value found in the mother, a further exampie
of the preferential protection of the feetus as opposed to maternal maintenance.

Finally, how do we decide when a child or an older person is in fact
malnourished. T have already warned against calling someone malnourished
merely because diet has made them different, Ideally, only when a change is
proved to have significance in terms of whole body or cellular malfunction
should the term malnourished be used.

Clearly, in severe cases these stipulations are relatively casy to meet. Until
recently, however, there has been litile attempt to define internationally
accepted standards even for such terms as kwashiorkor and marasmus. The
Wellcome Trust working party on Nutrition in J amaica, 1969, suggested that
the crucial diagnostic considerations were the presence or absence of mdema
and the degree of body wasting. Using the Harvard weight standards it was
recommended that the diagnosis in children with cedema above 60 % expected
weight for age should be kwashiorkor but if the cedematous children were less
than 60 % weight for age the diagnosis should be changed to marasmic
kwashiorkor. Children with weights for age below 60 % but with no cedema
were considered to be marasmic.

Dcfining children who are not obviously ill not so easy. The working
party, largely on teleological grounds, suggested that children between 60 and
80 % weight for age should be called under-nourished. This conelusion seemed
a reasonable one but there arc other considérations, such as susceptibility to
edema. (Edema can oceur in children who show very little wasting,

The results T described earlier indicate that serum albumin levels below
30 g % in 1-3 year old children should definitely be regarded as abnormal
and this would agree with the conclusions of the ICNND committee [9]. Not
only does the albumin level indicate susceptibility to cedema, it is also a good
marker for such abnormalities as hypo-B-lipoproteinemia and the risk of a
fatty liver and alterations in hormonal balance. However, changes in serum
albumin concentration have been criticised as being too insemsitive to the
earliest effects of manutantion and various workers, including myself, have tried
to develop more sensitive biochemical tests. These have included measurements
of urea and sulphur excretion on the basis that low nitrogen or sulphur intakes
would result in low excretions, hydroxyproline excretion, which is related to
growth and to changes in serum aminu paticrns, Whilst these measurements are
indecd more sensitive than albumin, they can be rather misleading for value
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can fluctuate widely in response to recent changes in the diet but they may
not always reflect alterations in the nutritional status of the child. In the end we
have had to conclude that albumin is the most reliable biochemical marker for
the subclinical phases of kwashiorkor [9].

We are at the moment working out the final details of a nutritional
health profile which we hope will be a reliable way of defining the nature and
severity of diffcrent types of sub-clinical protein-calorie malnutrition but so
far we have only becn concerned with the pre-schood child. Among the
different measurements which will be included in the profile are serum albumin,
subcutaneous fat loss, degree of musculature change and stunting of growth.
The methodology finally adopted for thesc measurements will probably be a
compromise between scientific accuracy and practical feasibility,

The value of our system to other age groups will, of course, need careful,
separate evaluation.

Part of this paper is based on an article written for the British Medical
Builetin [4] and theauthor would like to acknowledge this fact.
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DISCUSSIONS

R. DErrE : Merci beaucoup pour cet cxposé important. Un rapport sur
I'Australie, peuple heureux, et nous voila plongls dans le probléme des erreurs
innCes du métabolisme et les malformations congénitales, Un rapport remar-
quable sur Kampala, et nous voild plongés dans la misére de TAfrique, de
IAsic de PAmérique do Sud, avec la famine et la malnutrition, Ces deux
rapports symbolisent les deux situations du monde.

Je voudrais, en votre nom, rendre hommage & Monsieur William McBride
pour son {tude et son action magnifiques. Je voudrais aussi en votre nom,
rendre hommage au travail de Kampala et au Docteur Whitehead. Dans cette
université d’Ouganda, une des principales d’Afrique, un effort remarquable
est poursuivi depuis bicn des années; personnellement nous avons eu, au
Centre International dec I'Enfance & collaborer avec cette Université : le 10
décembre, dans quelques jours, unc grande réunion aura lieu 4 Kampala pour
étudier les vaccinations en Afrigue.

Le rapporl que vous avez entendu concerne surtout les troubles des
enfants une fois nés. Ccpendant, le probléme du retentissement de Iétat
nutritionnel de la femme enceinic sur l'enfant quelle porte a été trés bien
abordé. Les carences en fer et c¢n vitumines doivent &tre étudiées A cbté des
désastres que causent le marasme ct lo déséquilibre alimentaire, C’est donc
avant tout, étant donné le sujet de cette réunion, sur les conséquences pour
le développement de I'enfant des troubles nutrilionnels que nous voudrions
que la discussion s’oriente maintenant.

R. Goon : Professor Whitehead, You emphasized the intimate association
of the influence of infection on malnutrition. Taken in another perspective
of theol the influence of infection on malnutrition. Taken in another perspective
and viewcd not only from Dast Africa, but from several other areas as well,
it has become very clear to us that malnutrition can and does have a profound
influence on both specific and non-specific components of adaptive immunity.
Galal Aref, a former fcflow in my department, has been studying malnourished
infants ameng the Palestincan tefugee children in Alexandria in Egypt. These
unfortunate children develop at very early age Marasmus, Marasmus-Kwashior-
kor. Indeed, they often will have Kwashiorkor as early as 4-6 months of age.
You see their mothers are malnourished, breast milk supply is minimal and
they are fed rice water or starch water with a little flavouring as their only
source of food in early life. Such children, being deprived of protein and
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protein-calories early in life, when the immunological system is undergoing
its most rapid development turn up with severe antibody formation deficiency
and are even agammagiobulaenemic. They have low levels of Igl, IgM not
attributable to losses of these proteins, but to deficiency of formation. When
such children are in turn fed various diets, they persist even for 6 months —
1 year later to show deficiencies of function of their immunological system,
David Jose, a present colleague of mine in Minneapolis, recognised a special
relationship of nutritional deprivation and immunological inadequacy in Aus-
tralia when he was working with pediatric problems among the Australian
aboriginal children. Nutritional deficiency in these people is very different from
that in East Africa or Egypt and, indeed, takes the form of chronic marasmus.
Kwashiorkor is very rarc in these children, Infection, however, as well as
inadequate school performance are regular concomitants, Jose noted that
immunolegic functions of these children were distinctly abnormal and responses
to certain antigens by antibody production most feeble. By contrast, phytohema-
glutinin responses of lymphocytes was found to be quite normal or cven
increased. Dr. Jose and Dr. W. Cooper and T have heen addressing the
question of influence of malnulrition on development and maintenance of
immunity over the past three years., Qur results in rats and mice are consistent
and clear-cul. We have found that chronic protein deprivation of moderate
severity will inhibit the ability to produce circulating antibodies in mice and
rats. With chronic protein deprivation of greater severity, both cellular and
humoral immunity are severely depressed. Acutc protein or protcin-caloric
deprivation, even if most severe, by conirast, docs not depress immunity but
may even increase vigour of humoral immune responses. These profound
influences of nulritional deprivation on immunity, T believe, are operating in
Eust Africa and South Africa, because I have looked at the tissues of
Kwashiorkor children dying with infections like measles and the overwhelming
Hecht’s pneuvmonia and the tissue changes are remindful of the finding in
patients with severe dual system immuno-deficiency of genctic nature. T would
ask what experiences you have had in rclating susceptibility to infection to
immunological perturbations in the Uganda children having the different
forms of nutritional deprivation ?

R.G. WHITEHEAD : Yes. The point which has been raised is, of course, a very
important one, and T am glad that Professor Good has confirmed that different
types ol pathological responses do occur in different types of protein-calorie
malnutrition. He has emphasised what I have been trying to cenvey which is
that we must not just talk loosely about the effects of protein-calorie malnutri-
tion on body function. We must always be specific about the different types
of malnutrition.
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We have only just started, in my unit, to look al the immune response and
so far we have only got somc rather clementary results. What we find is that the
total levcls of gammaglobulin in our malnourished children, are, in fact,
considerably above normal. This is probably related to the high rate of
infection that they have had.

We are now starting leucocyte transformation studics and here too the
preliminary results are not indicating the gross type of abnormal response
which we might have expected. But T do nol want you to assume from what I
have said that the immune response in Kampala in these children is normal; in
the rather clementary studies that we have done so far we have failed to find
gross abnormality.

In terms of defense against disease, there are other but even simpler
things : for example the fact that the skin is much thinner than normal mcans
that it is more prone to change due to trauma, thus the skin is more likely to
become infected.

Many of the nutritional problems that our children have are related to
the high incidence of infection in the district where they live; because of this,
immunisation programmes are just as important as dietary thcrapy in the
prevention of malnutrition. During the course of measles a child loscs about a
kilogram of weight, and his albumin level may drop by as much as I gram per
cent. 1 have calculated that it costs me, as a nutritionisl, more to replace that
kilogram and get the albumin levels back to normal than it would have cost
for the measles immunisation in the first place. Mr. Chairman, you have
mentioned the meeting which is being held in Kampala next week on immu-
nisation, This is one of the points that T shall be making at that meeting.

R. Dugors : Nous savons qu'd cOté des caractristiques générales communes
3 tous les états de malnutrition protido calorique, existent des différences
nettes cliniques et biologiques. Pouvez-vous me dire si les modifications des
taux de cortisol et d’insuline dont vous venez de parler ont été observées
dans d’autres régions ?

Des changements hormonaux semblables ont-ils été observés chez ces
femmes, dont vous avez parlé, qui souffrent de malnutrition protido-calorique
quand elles sont en dge de procréer ?

Pourriez-vous me dire aussi comment se comportent vis-i-vis des infee-
tions, les adolescents et jeunes adultes atteints de malnuirition ?

R.G. WmTEHEAD : Thank you very much. I hope I have understood your
questions. Is the hormonal balance different during the development of
different types of malnutrition, and the answer is almost certainly yes. This



32 DISCUSSIONS

is why it is so important that we do dctailed studies to work out the aetiology
of malnutrition in different areas. T have given you two extrcme examples,
that occurting during the course of the development of kwashiorkor and
during the development of marasmus; hormonal balance in these different
types of children would appear to be quite different.

You ask about other age groups; whether hormonal measurcments have
been mude among older people as well. In Uganda, the answer is no. We
were just starting to make these measurements, but 1 think your question
indicates the interest and signilicance now being placed on such measurements.
In Uganda, studies into child malnutrition have tended to cloud all other
nutritional considerations. Practically all nutritionists work on malnutrition
in the pre-school child; other equally important arcas of malnutrition arc
ignored. The nutritional problems of the pregnunt woman, in particular the
nutritional problems of the lactating woman, are not being investigaled.
We are now trying to correct this situation by extending our work into
these arcas. Many of us who, at the moment concentrate on child malnutrition,
in fact now feel that prospective studics into the aetiology of malnutrition
should not just start at birth, they should start even before conception. 1 hope
that before not too long we will have more precise information for you.

K.H. DEGENHARDT :

1. What are the cxperiences in Kampala arca concerning brain damage
following mainutrition disease in early infancy ?

2. What about the reproductive capacity later on following recovery
on malnutrition discase carly in life, it means ratc of stillbirth, early death
rate, congenital malformation rate ?

R.G. WaITEHEAD : I bhave bheen asked two most imporiant questions, both
at the same time. We have just completed a study on the long effects of
an acute episode of kwashiorkor on mental devclopment. These studies
have been donc on people of about 15 or 16 years, that is, about 14 years
after thcy have had an acute episodc of malnutrition. We have used as
controls, people from the same areas, whom we also studied, about 15 or
16 ycars ago; these controls had ncither kwashiorkor, nor did thcy show any
significant weight faltering during carly life.

We have had the same expericnce which so many other pcople have
had, and that is that when you make a big effort to select adcquate controls,
you find less difference betwcen the control and the kwashiorkor groups
than might have been expecied. There are some important differences, but
they are not gross. The whole problem needs very carcful investigation.
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I think there are other factors which arc just as crucial as the effects
of an acute cpisode of kwashiorkor. Many children around Kampala are living
on about 70 per cent of the internationally rccommended calorie allowances,
yet after 18 months, they are continuing to grow, both in length and in
weight, at rates similar to those of British children. T emphasize this in spite
of the fact that they arc eating less calories than is rccommended. Recently
we have made a short study to find out how they manage to do this. The
answer is that they arc apparently compensating for their low-calorie intake
by a low energy expenditurc. The children spend much less timc walking and
running than do European children living in the same arca. The energy
significance of these activity diffcrences is about 25 kilocalories per kilogram,
You can calculate that if the children did run around as much as our European
children do, then they would not be able 1o grow and would in fact actually
lose weight. Is lcamning capacity lost by children forced into being less active ?
This is an important question which needs to bc answered. I think people
have tended to be toe chsessed by severe kwashiorkor. We must start looking
at the overall effects of malnutrition at all degrees of scverity.

Now to comment upon your query concerning reproductive capacity.
Some of you will know Professor Trussell, who is the Professor of Obstetrics
and Gynaecology at Makerere University. This is a topic which he is just
about to start investigating. ‘The fact that this has not been investigated
before again emphasiscs what I have already said. In Uganda, kwashiorkor
in the 2-year old child has dominated most of our attcntion. We have been
guilty of ignoring other, just a important areas of research. This is one of
the reasons why I am so pleased to be here and to listen to your comments
and thus get some idea of the priorities which are in your minds,

R. DEBRE : Avez-vous quelques notions du réle sur le développement mental
et le diveloppement du cerveau de T'cnfunt dans le cas de malnutrition de
la mére, pendant 1a grossesse.

R.G. WHITEHEAD : This is again a subject of considerable controversy, and
the controversy stems from thc rather different results coming from animal
cxperiments as opposed to obscrvations in human beings, The crucial factor
secms 1o be the state of development of the brain at the time that malnutrition
occurs. If the brain is in a rapid statc of growth, during cellular proliferation,
then it is considered that mental devclopment is probably affected. When
one carries out experiments on rats soon after birth, in which rapid brain-
growth is occurring, then big effects arc found; if, for example, malnutrition
is introduccd during the period when the total DNA content of the brain is
increasing.
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In terms of the child this would be up to about 9 months, 1t is also
possible that malnutrition can have an effect beyond this time, perhaps in
association with the myelinisation of the nerve fibres but it is difficult to be
sure. This is a subject in which a great deal of very careful work has to be
done.

The effcct of maloutrition on mental development is a politically loadcd
subject. Tt is very important that scientists working in this area arc scrupulous
with their scientific design. Many people, for all sorts of dubious rcasons,
want it to be proved that either malnutrition does or does not affcct mental
development. Scientists must be resolute in the maintenance of their scientific
integrity.



MALNUTRITION AND MENTAL DEVELOPMENT

M. WINICK
The New York Hospital, Cornell Medical Center, New York (U/.5.4.)

What I would really like to do is carry on from where we left off and
concern ourselves with two problems which were brought up during the
discussion. The first was the concept of growth, and that is, whether or not
in fact, growth is retarded by malnutrition, and whether or not this kind
of growth retardation remains. And the second concerns the central nervous
system, and that is the growth of the central ncrvous system. What evidence
do we have that malnutrition, at critical periods during development, may
or may not affect the growth of the ccniral nervous system ?

Now 1 think, experimentaly, the dala of Kennedy, McCanca and
Widderson in the early 50’s, suggested quite clearly that if one malnourished
an animal from birth until weaning, this animal was smaller at the end of
the period of malnutrition and this animal remained smaller throughout the
rest of his life, regardless of how thc unimal was refed. However, previous
data had indicated that if onc maloourished an animal also during the
growing period, but at a later time during development, this animal was
also smaller at the ¢nd of the period of malnutrition, but that if one refed
such an animal, he caught up perfectly well.

S0, they introduced, really, the concept of time into this element, the
time at which the malnutrition was imposed became important, And what
they suggested was that thcre must be something fundamentally different
between early growth and later growth, which allowed the animal malnourished
later in development 1o recover in stature, whereas the animal malnourished
garly in development was unable to recover,

Now, along about the beginning of the 1960's, in Montreal, Canada,
Enesco and Leblond introduced another concept. Reasoning that the DNA
content of any particular diploid ccll of any species was a constant. They
used the measure of total organ DNA in any organ which was made up
primarily of diploid cells, as a measure of cells number, and then they simply
said : “ If we know the number of cells, and divide this into the weight,
or into the total protein content of the organ, we can get an idea of the
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rough size of the individual cell, the weight of the protein content per cell ”.
And this has been expressed as a protein DNA ratio. Now, using these
data, they then examined the growth of the various organs of the rat in
terms of the increase in cell number versus the increase of the cell size
during growth. And I think the important point to illustrate here is, that if
one uscs Lthe total DNA conlent of the various organs as a measure of the rate
of cellular growth, the growth of the rat in most roughly stops at around
100 days post-natally, but in every casce the DNA contenl reaches o maximum
before growth stops.

Now the time at which this will oceur varies from organ to organ. In
the brain, in the lungs, it occurs at around 21 days of age; in the heart at
around 65 days of age. But in all cases it occurs before growth stops, so
that there is a pericd of growth after which there are no further increases
in the number of celis, and in fact, what must be happening is that the size
of the individual ccll is becoming larger. And if one carefully examines
growth, as they did one finds that using these parameters one can define three
perieds of growth.

During the first period, the total DNA is increasing and the total protein
content of the organ is increasing at the same rate, so that the ratio is
not changing. We have an increase in cell number or hyperplasia, with no
increase in cell size. Then, as a consequence of the slowing down of the rate
of DNA synthesis, with net protein synthesis continuing at the same rate, the
ratio beging to inercase. We have hyperplasia and hyperirophy occurring
together. And then, finally, DNA synthesis stops, net prolein synthesis still
continues, the cclls increase in size, and hypertrophy is occurring alone.

They teasoned, therefore, that there would be three phases of growth.
Now, given this, one can sce what might be cxpressed as a fundamental
difference beiwecen carly growth which is primarily proliferate cell growth,
and later growth, which is primarily hypertrophic cell growth, and one could
re-ask the question which Kennedy, McCanca and Widderson asked, and
that is: * Does this different growth pattern explain the recovery patterns
that we described initially ” ?

This is an experiment, @ very simple experiment, in an attempt to test this
hypothesis. One simply takes three groups of rats and malnourishes these
animals for the same period of time, 21 days. The only difference is the time
at which one imposes the malnutrition, In the first group, the malnutritien is
from birth to 21 days, a time when all the organs are in proliferate growth, in
the sceond from 22 to 43 days, a time when all the organs are in proliferate
growth except the brain and the lung which are complete at that phase, and in
the third proup from 65 to 86 days, a timc when all the organs are in
hypertrophic growth, Now we¢ simply cxamine the orguns at the end of the
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period of malnutrition, and after we have totally rehabilitated the animal and
he is an adult. In the first group there is a roughly proportional reduction
in weight, protein, RNA and DNA content. In other words, the DNA content
is reduced, the ratio is relatively unchanged, there are fewer cells of a
relatively normal size, and when we re-feed these animals we are left with a
reduced number of cells.

Now in the next group again, in all the organs there are a reduced
number of cells, except in the brain and the lung. We had the normal content
before we started the experiment, there the reduction is in the protein RNA
and weight, the ratio is reduced, and if we re-feed these animals we are left
with a deficit in the number of cells, and all the organs, except the brain and
the lung reeover,

And in the next group in every case, the deficit is in the size of the
individual cells, the number of cells having been attained belore the experiment
started, and re-feeding these animals produces a recovery in all the organs. So
that for this model, using a rat, onc can say that if one interferes with the rate
of cell division, then we pget a reduced number of cells and that this change
appears permanent, Whereas if onc interferes with the normal increase in cell
size which takes place later, we inhibit this increase, but on re-teeding, the
cells simply fill back up and resume their normal size.

But these data sugpgest something else. They also suggest that the number
of cells that any organ is going to have is influenceable by the state of
nutrition during the period of time when cells are proliferating and onc can
produce the reverse experiment which js, again, a repetition of the experiments
of McCanca and Widderson, that is simply super-fecding animals from birth,
for example, until weaning and if one does that, both in the experimental or
super-fed animals and after they are adalts, both after weaning and after they
are totally adults, there is an increase in the number of cells. Within certain
limits.

So that, what is being suggested is that within certain limits, one can
influence the rate of cell division and the total number of cells in a particular
organ, based on the nutrition of the animal during its proliferate growth.
Well, this raises a number of questions, especially if one is interested im
the central nervous system.

First of all, do the various regions of the central nervous system follow
these types of growth pattern ? Secondly, is this retardation of cell division
common to cells, or peculiar to one type of cell ? Now if one studics the rat
btain in a regional sequence, and these are very gross repions, the most rapid
rate of cell division post-natally is occurring in cercbellum, and it stops at about
17 days post-natally, whereas in cerebrum the increase is slower but lasts
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longer and it will level of at ahoul 21 days. In brain stem there is very little
increase after 14 days, and in hippocampus there iz a disercet inercase between
14 and 17 days, and this is put in herc to illustrate a point, because this
increase is not due to cell division within the hippocampus, it is due to a
migration of celis from under the lateral ventricle into the hippocampus which
has been shown to occur precisely on the 15th day in the rat.

If we are going to concern ourselves with the effects of malnutrition
on the developing brain, we have to concern ourselves not only with cell
division, but with cell migration. If one malnourishes an animal from birth, the
most profound and the earliest effects are seen with cerebellum at 8 days of
age, after 8 days of malnutrition, whereas in cerebrum, the effects occur later,
and they are less marked, and the migration of cells into the hippocampus is
delayed and perhaps even prevented.

These data and @ number of studies which have been done later really
tend to illusiratc a2 general principle, and this general principle is that it
really docsn’t make uny diffcrence what region you are studying; what is
important is the rate of ccll division within that region at the time that the
malnutrition is imposed. Cercbellum has the most rapid rate of cell division,
and as you can see, is the most profoundly alfected.

What about the cell types ? Here obviously we can’t usc fotal DNA
content, but we can do radio-autography and then count the number of
labelled cells, and see whether or not there is a difference in the per cent
label between malnourished and normal animals. In the rat, — this is post-natal
malnutrition from birth — there are no neurones dividing post-natally in the
carchrum, and theerfore malnutrition doesn’t affect neuronal cell division;
the glia are dividing and they are affected.

In the cerebellum, all three cell types are dividing and malnutrition
reduces the rate of such a division : under the lateral ventricle the primitive
cells are dividing and are inhibited by malnutrition; we think that this explains
the reduced number of cells in hippocampus, because these are the cells that
will migrate to the hippocampus on the 15th day, and under the third
ventricle one sees similar effects,

And again these data, and u number of studiecs which have come after-
wards, would supggest that the cell type also is not of primary imporiance.
What is important is whether or not that cell type is dividing at the time that
one imposes the malnutrition.

Now, there are a number of guestions obviously raiscd by this, nonc
of which T can answer completely. Once concerns the mechanism by which
malnutrition interfercs with ccll division ,and we have become very interested
in this lately and have done a number of studies that have tried to get into
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some of these mechanisms. What 1 would like to do this morning is to
show you, not what we are doing in terms of mechanisms because this may
be a little too early, but some of the studies which would be relative, perhaps,
to our next question and that is, does this in fact occur in the human and
what cvidence is there for it ?

Now, one question which was brought up by Dr. Whitehead is the marker
of malnutrition. How do we recognise malnutrition ? A number of biochemical
markers have been thought about. Now, we have been Iooking at a certain
number of biochemical changes in tissues and wondering whether or not
one could mark malnutrition in this way.

Dr. Joan Brazo in our laboratory, for example, has been looking at the
enzyme DNA polymerase, in an attempt to know whether or not that enzyme
varies with the rate of cell division, so that with one single enzyme analysis
in a tissue, one could get an idea of the rate of cell division in a whole brain,
if one plots the rate of cell division, in green, and one plots the activity of
DNA polymerase in red, they superimpose.

If one breaks this down to the fore brain, which has a different rate curve,
one gets a different rate curve of activity for DNA polymerase which also
superimpose.

If one does this for carebellum, where there are two peaks in DNA
synthesis post-natally, — one occurs early, and onc occurs Jater — one gets
two peaks in enzyme activity, again correlating with the rate of ccll division.
So this and further studies that Dr. Joan Brazo has done in other tissues would
suggest that the activity of this enzyme in fact does correlate quite well with
the rate of cell division. Now, if one malnourishes an animal and looks at the
activity of this enzyme, in malnourished versus normal animal, and if one
cxpresses it per cell per milligram of DNA, or per milligram of protein of
specific activity, one finds that the activity activity of this enzyme is reduced.
Therefore it may provide then a marker for studying nutritional effects on
the tissues, in tcrms of these effects on cell division.

We bave also, we and many others, been interested in RNA metabolism
in malnutrition, because RNA metabolism has been shown to be markedly
altered. Amnother cnzyme that Dr. Pedro Rosso in our laboratory has been
looking at, is thc cnzymc RNAse. Whether or not this enzyme has any
physiologic significance we can bring up later, but the point is that if one
studies this enzyme, one finds some interesting things about enzymes in general.
If one expresses the activity of this cnzyme per milligram of DNA, per cell,
the activity of this enzyme incrcases through devclopment, If one expresses
the same enzyme per milligram of protein of specilic activity, it falls during
development. And if one expresses the activity of this cnzyme per milligram
of RNA, per milligram of its substrate, it never changes during devclopment.
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These data are indicating to us that the activity of this enzyme is
increasing per cell, it is increasing less rapidly than other proteins are
increasing during this period, but at the same rate that its substrate is
increasing. And these data, then, have sort of made us lean to the view
that this enzyme might, in fact, have something to do with RNA metabolism,

But if one then malnourishes an animal, and this is the point that I
want to make, and then studies the activity of the enzyme, vsing any of the
three measures of activity there is an increase in the aclivity of this enzyme
in brain. 8o that here is an enzyme, then, which during malnutrition docs the
reverse of DNA polymerase, it increascs in activity. And this enzyme is, in a
sense, important to us as a marker, because this enzyme is present in serum,
it is excreted in urine and can be found in amniotic fluid in the highest
amount that so far we have been able to demonstrate this enzyme in any
body tissue.

Considering these data, what kinds of analogies can we draw to the human
situation 7 First of all, we can ask the question : does the human brain grow
quantitatively in the same way, or qualitatively, I should say, as the rat brain ?
The protein content of brains of children in New York City who died of
accidents, poisonings, crib deaths or some catastrophic event but who were
normal in cvery other way {this is a catastrophic death} and of brains from
prenatal life (these were therapeutic abortions) up through the first year of life
shows a lincar inecreasc.

In contrast, if onc studics the Lotal DNA content of such brains, there 1s
a linear increase up to about birth, then it begins to level off and by about a
year of age — and now with more data it may look as late as fourteen months
of age — we have got all the cells we are going to have. We have reached our
plateau of DNA. So that qualitatively the human brain is growing in the
same way as the rat brain, that is, that all growth after this is due to an
increase in cell size, rather than in cell number.

If one looks at the various regions of the human brain — in fact, the
qualitative differences are different in the rat thank goodness — here the most
rapid rate of cell division is in cerebrum and that all three regions stop at
about the same time, at about one vear of age. These data suggest that when
we're interested in the effects of malnutrition on cellular growth of the brain,
one should study the effect of malnutrition during the first year of life, and
perhaps before,

This is a baby similar to the baby Dr. Whitehead showed you, a typically
marasmic baby, Now these data which 1 am going to describe, were collected
in Santiago, Chile, in a combined study. And this baby, when compared with
a normal one a,s was pointed out, is smaller, emanciated-looking, has a reduced
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head circumference and shows all the stigmata of marasmus. New when such
a bhahy comes in hospital, one of two things can happen : either the baby can
succumh to the disease, in which case one can study the parameters that we
talked about, or thc baby can recover, in which case onc cun rehabilitate this
baby making maximal nutritional input, send the child home under very
careful nutritional condilions, send a nutritionist to the family, and then study
the development of such a baby.

All the children who died with marasmus had a reduced weight of the
brain, which is the same kind of data which had been found at other places.
Not only was the weight reduccd but the total protein content of these brains
was reduced, so that this was a dehydrated brain. The total number of cells,
the DNA confent, in such brains was also reduccd. So that studying whole
brain, in severe marasmus occurring in the first year of life, shows that there
are a reduccd number of cells in the brains of children who died of this.

In a subsequent study, in which the regions were looked at, there are
a reduced number of cclls in cerebrum. The same is true in cerchellum, and it
occurs quite early in cerchellum in contrast to cerebrum; in fact, even in brain
stem in the human there arc a reduced number of cells.

So that I think we can say that in this form of severe malnutrition
in the first year of life, one docs get an inhibition in the rate of cell division
and one gets fewer cells.

Now what can we use as a measure of these changes ? Head circum-
ference has been used for a long time as a measure of nutritional status and
of brain growth. And it was possible {or us to correlate these kinds of changes
with changes in head circamference.

Beforc T do that, let me just take up one other point and that is that
it has been shown in rats that myelination is also affected by severe mal-
nutrition. We were able to look at some of the brains of some of the children
who died of malnutrition during the first year of life in terms of myelination,
measuring for cxample total brain cholesterol which in the human also is
reduced, as in the ral. The total phospho-lipid content is also reduced, A point
which again has been shown in animals, but is just as true in the human, is if
one expresses a lipid DNA ratio, in other words, the amount of lipid or myelin
per cell, this remains relatively constant if the malnutrition occurs during
the first year of life. In othcr words, the rate of cell division and the rate
of lipid deposition are being inhibited at about the same rate. But then,
cell division stops, myelination continues beyond this, and the lipid content
per cell begins to drop.

Let me go back to the guestion of the measurement of these paramcters
using head circumference. Tn our children, just as in children throughout the




92 M. WINICK

world, the head circumference is reduced. This reduction is very severe but,
after all, these are children with the most scvere types of marasmus, these
are children who died of their marasmus, and if one correlates the weight
of the brain with the head circumference, this follows the normal curve. In
other words, this head circumference is adequatcly reflecting the weight of
the brain in this marasmic infant. The same is quitc Lruc about the protein
content of the brain, and the same is true about the DNA content, except
for three cases in which the DNA content is actually morc reduced than
the head circumference, and we'll go into those three cases in just a minute.

So then, these data would indicate that for this kind of severe malnutrition,
severe enough 10 cuuse death, I emphasise this, the head circumference is a
relatively good measurc of these kinds of changes that are occurring in the
brain. Now, what happens il these children survive ? The data are not
different from the data of Birch and Cravioto and of many others in children
coming from poverty afflicted populations who have survived a bout of marked
malnutrition during the first year of life. Bclonging to the same kinds of
children whose brain we were able to study, most of these children fall into
an educable group, but that a high percentage of thcse children are simply
trainable and that some small percentage have to be institutionalised. So that
there is retarded development using the Birch and Cravioto eritcria in this
particular group as in their studies.

If one summarises these things, and if the maramus is severe enough
to cause death, cellular changes will be found in the brain; these cellular
changes will correlate best the reduced head circumference, they will still
correlate but less well with the reduction in body lengih, and they will not
correlate at all with the reduction in weight. And then, i the child survives,
there’s likelihood of functional changes, and these functional changes will
correlate in scverity with the reduced head circumference, less well with
the body weight, but they will still correlate, and not at all again, with the
ultimate weight.

Those cellular changes which have been investigated in the human brain
secondary to scvere postnatal malnutrition, are the same as those which have
been found in the rat brain. But these data open up another question which
was alluded to earlier and which T would like to conclude with. And this is,
what about the feetus, whose brain is in the proliferate phase ? Does malnu-
trition, or can malnutrition affect prolifcration within the feetal brain? Or is
the so-called « small for dates » or fwtally malnourished baby a baby whose
brain has been affected ? Well, the first point T would like to make is that
I feel very strongly that the fwtally malnourishcd baby, is not a single
entity. This is a very, very mixed entity with many, many different com-
ponents. Let me illustrate this in animals. For example, if onc studies the
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placenta, which is an organ which grows very much in the same way as other
organs, cellularly, and if one ligatures the uterine artery in a rat at the [4th
day of gestation, and then looks at the changes that are occurring in placenta,
one produces very predictable changes. This occurs during ccllular proliferation.
‘The weight, the protein, the RNA and the DNA content are reduced, the
number of cells are reduced, the size of the cell is relatively unchanged.
What we would have expected, If we study the foetus after such a clamping,
we find thal we product growth failure of 67 per cent of the weight, but
that this is a growth failure which is asymmctrical as far as the organs are
concerned. In fact, the brain is almost not affccted at all, the DNA content
of the brain being perfectly normal, whereas the liver has a 45 per cent
reduction in DNA content, as does the lung. So here we have produced
growth failure in utero in a very asymmetrical way and we have spared
the brain, using these parameters of mcasurement.

If we usc tissue RNA us 2 measure, within 24 hours after the ligation
one can show an increase in the activity of this enzyme in the placenta,
which continues up through 72 hours and if one looks at the fectal brain and
liver, after 48 hours there is an increase in RN Ase activity in thc brain; it is
the only change we have been able to demonsirate in the brain with the
procedure. In liver it occurs morc markedly and carlier. The point that T am
making is that the brain is telatively spared, at least using the gross techniques
that we have, except for this one technique which may bring a subtle change
and may have meaning or no meaning.

In contrast to this, il one produces fcetal growth retardation by protein
restricting the mother, from the 5th day of gestation until birth, one produces
relatively predictable changes in the placenta, that is, a reduced number
of cells, with a relatively normal cell size, and a paradoxical in the RNA-DNA
ratio, which we have seen in a number of cascs and which I won't go into
right now. But in any event, the number of cells are reduced, the size of the
cell in not affected. Here, however, if we look af the embryo, at 16 days of
gestation, we find that in every area we look at there is a reduced cell
number in the brain, both in grey matter and in white matter, and at birth
we find that again we've got a smaller animal but there is a symmetrical
reduction in all the organs and the brain is affected with a 15 per cent
deficit, just about the same as all the other organs. But perhaps even morc
significant is that hcre again we have this prenatally induced 15 per cent
reduction at birth, and you may remember that if one malnourishes an
animal from birth to weaning, one gets about a 15 per cent reduction, but
if onc malnourishes an animal from conception until weaning, during the
total period of time when cells are dividing in the brain, we gct a 60 per cent
reduction in cell number. So we have an increase which is greater than the
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sum here, the duration of the malnutrition during this proliferate phase
becomes very, very important under these circumstances.

The measurcment of free RNAse in plasma ol children who are severely
marasmic, shows an increase of activity which falls off rclatively rapidly with
therapy. Now we need a lot more data, before we can know what this means,
or if, in fact, it is poing to be valid in a Iot of cases, but the point that I want
to make herc is that RNAse may then be a useful tool for asscssing nutritional
status and the rate of recovery. And the reason I bring this up is because,
as you saw, RNAsec increascs in the rat placenta when one does this kind of
a clamping, and in human placenta, if one uses the normal kinds of measu-
rements of cells that I talked about originally, one does find that severe
malnutrition does affect cellular growth of the placenta. For example: in
children with feetal growth failurc, it has been shown that the placentas have
a teduced number of cells. Simply looking at the indigent population of
Santiago, Chile, a population that would be prone to malnutrition, one found
that half of the women’s placentas had a rcduced number of cells. And in
a study carrier out more carefully by Dayton und Filer in Guatemala, in
which malnourished women's placentas were looked at, all of the placentas,
20 out of 20 women, had a reduced number of cells. And here is a single
case of anorcxia nervosa in which a woman became pregnant, went from
80 to 84 lbs during her pregnancy, gave birth to an infant under 2,000 grams
at term : her placenta contained 50 per cent of the number of cells that one
would expect. So, scvere prematal malnutrition in the human apparently
will affect the rate of ccll division in placenta; in a group of women that
we studied in Quito, Ecuador, the RNAse activity of such placentas in mal-
nourished women is again, quite markedly increased, when compared to normal.
So I think the data are beginning to accrue now, that severe maloutrition
during pregnancy will affect certain cellular growth parameters in placenta.

What about human brain ? We don’t have any direct cvidence in the human
brain al the present time, but I think there are some indirect cvidenees which at
least we ought to be aware of, Tf one takes all the children whose brains have
been studied in these terms and who died of malnutrition, and if one puts them
together, one gets three groups : in the group of children with kwashiorkor, and
these are children who died generally in the sccond year, children we studied in
the second year of life, their malnutrition not occurring till after the first year
of life, the DNA contents of the brain has been normal, the ratios have been
reduced. In those children who died during the first year of life, they all have
a reduced DNA content, but one group has a reduction of about 15 per cent,
and a second group has a reduction of about 60 per cent and the difference
between these two groups it that in the first group they were zll of normal
birth weight, over 2 500 grams, whereas in the other group they were all
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below 2000 grams at birth, suggesting one of two things. Eithcr these were
prematures, and thc premature infant is more susceptible to the cffects of
postnatal malnutrition, or in fact this is the clinical counterpart of the double
deprived rat that I showed you, and this child had already suffered inter-
uterine malnutrition and then had super-imposed on it the later effects of
postnatal malnutrition.

To summarize: from a ccllular point of view, one can say that
severe malnutrition postnatally will affect cellular growth of the rat brain and
the human brain, that prenatally certain types of malnutrition — protein-
restriction of the mother — will affect cellular prowth of the rat brain, and
this type of malnutrition will affect cellular growth of the human placenta,
and that thcre are some data which, at least at the present time, make it
incumbent on us to loock more closely at the effects of this kind of mainutrition
on the human brain. Now, what we are talking about, in conclusion, arc
cellular changes, changes in cell number, cell size and in some enzymes. And
I don’t at all want to leave you with the impression that we feel that thesc
changes have anything 1o do with the kinds of functional changes which have
or have not been described in the malnourished human. There are no data to
indicate that any of the functional changes, if in fact they do occur, are caused
by any of these cellular changes or any of the other changes, chemical changes
which have been described in the brains of malnourished infants or animals.
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R. DEBRE : Je voudrais dire, seulcment avant d’ouvrir la discussion, que jai
¢été interrogé récemment par unc fondation américaine qui demandait des
conseils pour lattribution de ses fonds & des recherches pédiatriques; et j’ai
répondu, que I'un des problémes les plus intéressants est I'étude du cerveau en
liaison avec la nutrition de la mére et du petit enfant. Tl faut poursuivre les
travaux dont nous venons d’entendre un exposé Lrés important,

V. IncraMm : Could the observed increase in ribonuclease be due to release
from dying cefls and could it therefore be taken us evidence for cell death
during malnutrition ?

M. WINICK : Well, I would not go so far as to interpret it as evidence for cell
death, but we have certainly considcred it, and feel that this is quite a
possibility. And 1 have suggested to one of our post-doctorate Fellows that ‘he
might want to fook into something like coronary artcry, discase in serum, so
1 think it is quite possible that what you are saying is truc. We do feel in fact
that the changes in ribonuclease are quite non-specific. We don’t think that
they are specific to malnutrition at all, but we think that in a malnourished
infant whom we have to follow in terms of what therapy is doing, it might
be a useful index. That’s really as far as I'd go.

C. LevinTHAL : Could you explain your sceptical remark concerning functional
changes associated with malnutrition ¥

M. Winick : There are certain things about which T am not at all sceptical,
and there are other things about which I am : T think it is [air to say that
malnutrition in association with the whole complex of the poverty situation
thesc children come from, causes retarded development. I don’t think anybody
would arguc that point. The question which is may be simply academic, is
whether or not malnutrition itself, if it were operating in a vacuum, could cause
these changes. Now, none of the studies which have been done are able to
isolate malnutrition into such a vacvum. But attempting to deal with all the
other variables in a number of retrospective and prospective studies that is how
which have been done, at least I interpret these data, it would look as though
malnutrition alone is a significant cause of this retarded development. And
moreover, the time at which the maloutrition occurs seems to be cxtremely
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important. Cravioto and Birch’s data would indicate that the earlier the
malnutrition occurs postnatally, the more likely the changes induced function-
ally are to be permanent. Now, recently a sort of fly has been introduced in
the cintment, and that is in terms of the recovery : whether or not malnutrition
is acting directly, or whether or not it is acting in another way, and that is,
could it be that the malnourished child is unable to receive from his environment
the normal kinds of other stimuli which are provided during development, and
could it be a general lack of stimulation then which is causing these changes,
and is it possible then that if one enriched such a child’s environment after he
was malnourished, we could reverse some of the functional changes which have
been induccd by malnutrition. In animals, there arc data which would indicate
that these kinds of hchavioural changes can be reversed by certain
kinds of enriching procedures, In humans, at the present time, I know of only
two studies in which this has being tried, one is in Cali, Colombia, and onc is
in Santiago, Chile, and I don’t think there are any data at the present timc
which indicate whether one will he able to reverse this. From my standpoint
I think this is a fair interpretation of the data. Then if we go any further in
attempting to interpret the data, if we attempt to say these kinds of cellular
changes are the cause of the types of functional changes which are being
described, then I certainly think we are way out on a limb and we really
don’t have any right to say those things.

A.A. Moscona : Is it known if there are significant changes in the development
of the vascular system in various regions of the brain as a result of malautrition
during prenatal and early postnatal developments ?

M. WiNick : T don’t know of any such studies, Maybe Dr. Whitehead does.
Some relatively careful histological studies have been done, but I don’t know
whether cven the studies of Platt have reported specifically on the vascular
system, and T am certain that no other kinds of studies have been done. So
I don'’t really think it has been adequately studied. Bul you've got a reason for
asking that question, and I'd like to know what that reason is.

A.A. MosconNa : The reason is in terms of the measurcments of DNA, which
would obviously be affected by the amount of vascular supply.

M. WiNrck : Well, I agree. I think that as to the reduced DNA, — this is not
saying that thcre is no reduction but in cclls in the vascular system, but if
there were a sclective reduction in the vascular ‘systcm, to the extent that
was the only thing that was being affected, — then T think one would see this
in the kinds of histological studies that we have done. Morcover, when one does
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a differential counting of glia and of ncuroncs, one is not counting vascular
cells, and one gets roughly the same resull, so 1 think that that’s a reasonable
point, but I dont think that the vascular system is being selectively alTected.
There is no evidence that this is so.

A. Monroy : Dr. Winick, you seem to equate incorporation of thymidine in
the nuclet of nerve cells and cell division. Ts there any cvidence that in the
nerve cells, c.g. in the Purkinje cells, there is the same DNA content from
the neuroblast 1o the fully differentiated nerve cell ?

M. Winick @ That's not a very naive question; lirst of all there are data, in
the central nervous system, both in cerchellum and in some areas of cerebrum,
indicating that Purkinje cells in fael are tetraploid, not diploid. So, that’s the
first thing, The time when they become tetraploid during development, 1
don’t think has been worked out. Now, the question that you ask is a very
important one, and that is : can we really use DNA as a measure of ceil
number if there is a significant amount of pleidy occurring within the
particular tissue 7 First of aill, from the standpoint ot the brain, I think that
the number of tetraploid cells are so small in comparison to the diploid
cells, — #, in tact, this were true that it would induce a very small eyror. Bat
the other point that you raised : what about an organ which, for example,
has more tetraploid cells, say, like the liver ? The important thing in lerms of
using this concept, and this was pointed out by Enesco and Kahn, is not
really whether or not the cell is tetraploid, but whether or not, first of all,
malnutrition or whatever you are studying changes the ploidy and secondly
whether or not the ploidy is in a statc of changing at the time that you are
making your study. So that onc can use the total DNA content of the liver, if
onc studics it at onc point in time when ploidy is not changing. In the brain
we do not know when, if ever, the ploidy of these Purkinje cells becomes
tetraploid. But, as I said, I don’t think we are dealing in the brain with an
order of magnitude which is large enough to introduce too great an error here.
K. HirscHORN : In rats with permanent reduction of brain cell number, is
there an effect on such noncultural intelligence tests as maze-learning ?

M. WINICK : I can answer vour question, and then 1 am going to push it a
step further, The reason for it is that [ don’t want us to draw the wrong
conclusions, If one does this, and it has been done, a number of psychological
tests in rats have been done, and if they do show behavioural delicits, for
example, they would show a decrease in exploratory behaviour during the
time that the malnutrition has been imposed, which will persist for the 1est
of their lives, they will show abnormalities, not in maze-lcarning, but they will
show abnormalities in extinguishing certain conditioned responses, and this is
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truc not only in rats, but it is true in pigs, and it has also been described
recently in monkeys, then I think there is no question that behavioural changes
can be induced by malnutrition and can be induced permanently. Bul T don't
want to leave you with the impression that these changes have anything to do
with the cellular chunges. Because, for example, if you super-feed rats from hirth
until weaning, Francova and others in Czechoslovakia, have shown thal these
animals also show bchavioural deficits and we know these animals have un
increased number of cclls, and in fact, the behavioural deficits are very simitar
to the kinds of behavioural deficits that are shown by the under-fed rats. So
that this is a very complex area we're in.

D. Hsia : Dr, Paul Wong has found that after the injection of single amino
acids to fetal or newborn animals, there is disaggregation of brain polyribo-
somes 1o monosomes and reduction of protein synthesis as mcasured by C14
amino acid incorporation. This does not occur in older animals. This occurs
with ccrtain amino acids like phenylulanine and branchained amino acids, but
not with glycine. This may be related to excessive amino acids in ccrtain
inborn errors of metabolism and their mental development, Imbalance of amino
acids may also be impertant for brain development in general.

M. WiNIck @ Yes. 1 am aware of the work that you are referring to, and T
think we ought to take it in context with the work of Monre und of others in
terms of the effects of a reduced protcin or amino acid mixture, and the effects
produced on polysome aggregation which are precisely the same as the cffects
which Dr. Wong has reported as increasing. And so I think the question does
come up whether an imbalance is important, or whether or not what we urc
looking at is, in fact, a very non specific reaction. Because if one increascs
phenyl alanine content in the blood of animals, one produces cellularly, in
terms of the rate of ccll inhibition, exactly the samc effects as one gets with
the occurrence of malnutrition I talked about, and the same experiment can
be done with galactose. And the thesis ! would like to bring forth, really, is that
we are not looking at a terribly specific reaction here. What we are looking
al, is & reaction or rather a non-specific reaction which is very specific in terms
of its time-dependency, and secondary to this kind of an insull during proliferate
cell growth, one gets interference with the rate of cell division. One can do
this : for example, — and somebody brought up a question about smoking
before — there are data, Howorth data from Canada, which would indicate
that if one smokes rats - and there arc ways of doing this — when they are
pregnant, one cun show that there is a rcduced rate of cell division in the
placentas of such rats, and in the brains of the feetuses. So again, in using this
kind of a measure, one is getting a responsc hased on the time when the
stimulus is imposed. Dr. Wong’s study would indicate certainly that one can
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do this by increasing the contents of certain kinds of amino acids, which I
find really fascinating.

O. HECHTER : If you were to restate the proposition that prenatal malnutrition
leads to a reduction in the number of brain cells and then put this in the
form : at various stagcs what cell type centres of the brain are being influcnced,
and what cell types arc being influenced postnatally by malnutrition. Pcrhaps
it would be helpful in discussing performance.

M. WiNIcK : | don’t kanow whether it would be helpful in discussing perfor-
mance because that’s not my arca of competence, but I think the guestion
you raise is a very interesting one, because what is being suggested in a.way
is : are we converting simply a quantitalive change into what is, in fact, a
qualitative change, according to the time that wc impose the malnutrition ?
For cxample, if we impose malnutrition at a specific time, and affect cell
division of neurones in a particular area, because cell division of neurones is
occurring at that time, are we left with a qualitatively diffcrent brain than if
the malnutrition occurs at a different time when we are affecting glia in
another area ? Now, as far as the human brain is concerned, we know veTy
little about. Dobbing has rccently published data which would indicate that
there are two peaks of DNA synthesis in human brain. The first peak is
occuring at about 20 weeks after conception and there is a second peak of
DNA. synthesis which is occurring at around birth. He has interpreted these
data to mean that the major neuronal division is occurring early, at around
20 weeks, whereas the peak occurring later around birth, is mainly glial
division, although this is inferential, therc is no direct evidence that this is
truc. So that one may say that prenatal malnulrition may be more apt to
affect neuronal division and that if you hit it at thc pcak of 20 weeks, and
this is purc speculation on my part, it might be conccivabic that you are
hitting at the peak rate of neuronal cell division in the human. Now in the
rat, the peak rales of cell division are quite different; as I showed you, there
are two peaks in cercbellum, we think the first peak, again, rclates to a
different cell type, but we have no dircct evidence for that. Now what this might
mean relating to function, I really can’t say, because I have no competence in
the area of structure to function relation. I'm not a neurologist.

O. HecHTer : Can I ask another question ? Is therc any evidence that what
the psychologists call imprinting relates to changes in DNA and RNA in
specific cell types ?

M. Wmnick : Well, there are some data that would indicate that there is
somc relation between what the psychologists would call « imprinting » and
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malnutriion during early lifc, These are data coming from Chow who has
shown that if one malnourishes an animal from birth until weaning, this
animal, cven after he ig totally rehabifitated, has an abnormal nitrogen
metabolism in terms of the way he utilizes nitrogen. So that he will actually eat
more and wastc nitrogen in the form of an increased excretion of amino acids
and other types of nitrogen in his urine, for the rest of his life, no matter
how you re-fecd him. So that in that scnse, you have perhaps imprinted this
kind of a nitrogen mctabolism in this animal. I think, using this concept, that
Lhis might be the only example ! can think of. Now in terms of whether ar not
you imprint psychological things, well, I just don’t know what (his imprinting
really means. You certainly can produce permanent behavioural changes in
anmimals. I this is what you mecan by imprinting, it can be done. I just don’t
want to get involved in this area because I don’t really know what imprinting
means.
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EPIDEMIOLOGICAL METHODS OF DETECTING
NEW BIRTH DEFECTS

James R. MILLER
The University of British Columbia, Faculty of Medicine, Vancouver {Canada)

It is with a considerable degree of humility that I discuss this topic
before such a distinguished audience in view of the fact that the effects of
all of the proven teratogenic agents in man have been detected first by astute
clinical observers and not by any elegant cpidemiological methods, For reasons
which arc obvious, we shall always have to rely upon clinical observations in
the detection of new anomalics but it is my contention that no one method is
sufficiently adequalce to serve as the sole method of detection and epidemiclo-
gical methods involving the monitoring of large population groups must be
implemented.

Criteria for Detecting new I"atterns of Congenital Malformation.

Newcombe has set out three criteria which must be met by any program
designed to detect new patterns of malformation :
1. A high degree of specifity in the diagnosis and classification of
anomalics;
2, Early detection of anomalies;
3. Improved methods for the recording, rapid accumulation and commu-
nication of data on such anomalies.

1. In addition ta the high degree of specificity, 1 should like to add accuracy,
completeness and uniformity of diagnosis.

The need for accuracy, completeness and uniformity of diagnosis along
with a high degree of specifity seems so self-evident, that it should not need
any comment, but in practice it is so poorly managed that it must be
mentioned. Tl detection programs were based on data gathered by a large
number of specialists in various areas of congenital anomalies, each with its
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own precise classification of specific defects, as we heve heard this morning
from Dr. McBride, there would be no problem; but most surveillance schemes
must depend upon large volumes of data based on the observations of many
physicians, midwives and allied health personnel who have had no special
experience with the problems associated with the detection of anomalies and
birth defects. In many instances, the anomalies are of such a nature that
anyone could detect and describe them, for example — the major surface
defects such as cleft lip and palate, absence of tissues, (for example absence
of ears, absence of limbs) and spina bifida and anencephaly. ITowever, it may
well be, and probably is, true that the critical problem is not a single major
defect but an array pattern of defects, namely syndrome identification. This
is an extremely complex area even for experienced clinical obscrvers. T say
this, because abmost all (there are a few exceptions) of the known environmental
teratogens it muan produce not an inerease in the frequency of common
congenital malformations but a specific array of effects which we designate
as the rubella syndrome and the thalidemide syndrome. This problem of the
need for a high degree of specifity, accuracy and uniformity of diagnostic
criterian is a most difficult one to guarantee and necessitates constant policing
and education of collaborators in a surveillance project in order that each one
clearly understands the importance of having precise uniform diagnosis and
coding.

2. Larly detection.

Teratogens act during the period of embryogenesis, that is during the
first eight weeks of human life, Yet, the first observations on their impact are
made thirty of more weeks later. If a new teratogen is not to be the cause of
an incredible amount of human tragedy, it must be detected and, hopefully,
climinated as promptly as possible. In most instances then, teporting of
anomalous infants should be made as soon after they are obscrved as possible,
and an efficient surveillance program can not rely on longterm foilow up to
obtained information, although this most certainly will provide a better estimate
of the true incident rate.

Althongh major surface defects should be detected and recorded at
birth-but are nol always-many internal anomalies such as congenital heart
defect and many minor anomalies which may be important in syndrome
identification will be missed (fig. 1). In order to overcome at Ieast
some of these difficulties, multiple sources of ascertainment shcould be
used in any monitoring scheme. Although, the utilization of several sources
of ascertainment may cause problems with respect to editing to ensure an
unduplicated case load, these will be small in number compared with the
advantages of using many sources such as physician’s nolicc of birth, live and
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stillbirth records, infant death records, and hospital records as sources of
primary data. Where possible, it might be uvseful to use special statistics to
supplement these estimates derived from the study of term infants, These
might be derived from embryos and fetuscs for example and I shall return
to this point later.
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Fig. 1. Estimated incidence rates for four common congenital malformations based on

data derived from the British Columbia Registey for Handicupped Children and Adults

(from Methods for Teratological Studies in Experimental Animals and Man edited by
H. Nishimura and J.R. Miller, Igaku Shoin Ltd., Tokvo).

3. Improved methods for recording rapid uccumulation and communication
of such anomalies.

The methods of recording accemulative and communicative resulis should
be as efficient and as simple as possible, because the speed is of the cssence,
I personally do not believe that there is time to carry out sophisticaled
techniques to measure geographic or temporal clustering patterns as desirable
as these may be in certain specific studies, What is absolutely essential, and
probably can be accomplished by some simple card system or a tabulating
system based on a computer, is a simple method of rapidly counting and
tabulating types of anomalies and then providing statistics for the collaborating
centres,
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Statistical analysis.

In my opinion the most critical problem to be faced in any such
epidemiological study is the need for rclizble base line statistics. It is true that
despite a great interest in the area of congenitul malformations few societies
can produce such statistics with respect to hospital, city, province, state
or country, yet without this base line, it is very difficult to determine whether
an upward swing is random or indicates over-zealous reporting or an
indication of real concern. In other words, there is a difficult task in deciding
the criteria to be used for sounding an alarm bell based on sarveillance data
without some clues 28 to types and of frequency of defects to be expected
within normal limits, The question emerges as to how many vears must a
program operate just 1o colleet reliable base line statistics ? How much
fluctuation around a theoretical or calculated mean should be tolerated ?

Arc annual analyses adequate or should quaterly statistics be used ?

When new programs are introduccd, one must be conscious of the fact
that reporter bias could influence observed rates of a particular defect. For
cxample, Milham in a surveillance system using defects recorded upon birth
certificates in Washington and upper New York Statc found a spurious pseudo-
epidemic of < miscellaneous genital-urinary anomalics » which could be traced
to one physician in a country in upper N.Y. State, who rcported all male
newborns of having congenital phimosis, presumably, 1o justify circumcision.
Educational programs attached to a surveillance system will give increased
rates in specific defects which are simply a reflection of better reporting rather
than indication of some new teratogenic agent in the environment. For example
— Weatherall reports that the rates of congenital dislocation of the hip rose
from 4.2 per 10,000 births in 1965 to 7.6 per 10,000 births in 1968 over a
3-year period in a study in Great Britain and this increase could be simply
attributed to an educational program cncouraging the reporting of specific
congenital malformations.

Since we have no guidelines about how frequent statistics should be
compiled, what comparison should be made, etc., it would seem that many
different systems should be employed, at Icast till one or two are demonstrated
to be sensitive enough to detect changes in incidence rates, which are
considered to be reliable, For example — the calculation of estimated mean
incidence rates w/appropriate error terms should be an interim process
constantly chunging as new data are added. Presumably, scveral differcnt
comparisons should be used to detect changes in rates. For example qualcrly
comparisons might bc suitable for the detection of sharp changes in the
frequency of anomalics but might be quite insensitive to subtle changes which
gradually accumulate over 4 long period of time.
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Although, the bulk of the data in any epidemiological program designed
lo detect new birth defeets will come from studies of large populations of
newborn infants, it is possible that other special studies of sub-groups might
provide useful information and would merit attention. I should like to
discuss lwo of these, first the polential use of sex and racial differcnces in
the incidence of congenital defect and sccond, the potential value of embryos
and fetuses.

It has been rcpeatedly demonstraled that striking sex (table 1) and racial
(table 2) differences exist with respect to the f requency of occurrence of certain

Tarr 1

Number of cases registered with selected malformations, born [952-1964 and estimated
sex-specific incidence rates per 1,000 live births. Duta derived from British Columbia
Registry for Hundicapped Children and Adults. {from Methods for Teratologival Studies
in Experimental Animaly and Man, edited by H. Nishimura and J.R. Miller.
Igaku Shain Lid., Tokyo).

Malformation humber of _Cm Ralti‘iep?;rshioo
miclle fermale male female
Clubfoot 500 418 2.91 1.81
Congenital dislocation of hip 45 217 0.20 0.94
Spina bifida and meningocacle 137 214 Q.77 Q.93
Cleft fip with polate 233 138 096 G.60
Cleft lip (isolated}) 123 454 .51 0.23
Cieft polate (isolated) 125 128 052 0.55
TabLe 2

Rates for cleft lip and palate per 1,000 births amongst North American Indigns ana
aAch-Indlans in British Columbia in 1952-1964. (from R.B. Lowry, and D.H.G. Renwick,
Journal of Medical Genetics, 6, 67-6%, 1969).

Type of cleft Indian [Non-Indian| Total
Cleft lip only 0.25 0.38 0-37
Cleft palate only Q.44 054 0.54
Cleft lip and palate 2.48 071 .78
All forms 3.17 1.63 1.69
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congenital defects, The underlying reasons for these differences are not
obvious in most instances but need not concern us here. However, in popu-
lations in which reliable base line data are available, it seems to me that
the existence of such differences could be used effectively in monitoring
programs. Tt scems to me that a significant departure from the expected sex
ratio for any specific anomaly or a change in race specific incidence rates
might be a sensitive indicator of the presence of a2 new teratogenic agent in
the environment. It should be stressed however, that such procedures have
potential use oaly in those situations in which good base line data are
available.

At the preseni time, surveillance schemes arc based on observations of
live or still born (term) infants and as I indicated just a moment ago, this
probably wiil be the case for a long time to come in most monitoring programs.
However, since the great majority of developmental defects observed at
term as “ congenital malformations " oceur within the first eight weeks of
intra-uterine life, it would seem reasonable to suggest that there might be
merit in incorporating the examination of aborted embryos and fetuses into
a good surveillance program. Any consistent increase in the incidence of
developmental defects in such abortuses would suggest that a new teratogene
was operating and more importantly would result in a search for such an agent
at least several months before its presence might be suspected from studies
on term infants. In addition, since the time between the inifiation of the action
of a teratogen and the observation of the anomaly would be much shortened,
it might be easier to detect potential teratogens.

Studies on abortuses in different parts of the work indicate that such
specimens possess a high frequency of early developmental anomalies which
are readily detected and described. In view of the large number of abortions,
both spontanecus and induced, which occur continuously, it seems reasonable
that the study of abortuses wouid be a useful supplement to existing sources
of information in surveillance schemes, such as the physicians’ notices and
health records. An example of this use will be presented laters. My colleague
Dr. Poland and T have argued elsewherc that although use might be made
of both spontaneous and induced abortuses for the purposcs of surveillance,
spontaneous abortuses would be the more useful.

Examples of situations in which surveillance studics have detected
increases in rates of defects and new arrays of defects,

In view of my statement .at the outset of my presentation regarding the
respective contribution to date of the astute clinical observer and the elegant
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epidemiological survey and the rather formidable problems 1 posed for the
development of a successful monitoring system, it might seem that the
possibilities of developing anything reasonablc are almost nil. However this
is not so, and there are now several examples of monitoring systems which
have detected apparently significant changes in the rates of certain anomalies.
While no specific teratogenic agent has been detected by such methods, the
fact that the sysiems despite their inadequacy were sensitive enough to detect a
significant change, is cncouraging.

1. Leck & Smithells have reported that a program involving routine
reporting of congenital malformations in Liverpool prior to the Thalidomide
episade was sensitive enough to pick up an increase in limb reduction anemalics
in August of 1960, although something was suspected at thal time, the report
on this obscrvation did not reach the literature until two years later, long after
the reports of McBride and Lenz had implicated Thalidomide in the production
of such reduction unomalies, T believe this is a .good example of the need
for the rapid feed-back of results of surveillance programs which was 1 men-
tioned previously.

2. Within the lasL few ycurs, Kallen & Windberg have reported on the
development of a Swedish register of congenital malformations covering about
80,000 births annually. Although this registry was not in existence at the
time, Kallen and Winberg have used the method in existence at present to
test available Swedish data from the time of the Thalidomide episode. It is
their contention the results indicate that had the register been operating
al the time, it would have identified an epidemic a few months after the
appearance of the first Thalidomide embryopathy. In addition, Kallen and
Winberg have upproached the problem of syndrome identification by a detailed
analysis on 120 children bom with multiple malformations reported to the
Swedish registrar. On the basis of these analysis, they felt they had detected
some “ new syndrome " (1) which consisted of closure defect of the central
nervous system and anophtalmia and microphtatmia, cleft lip and/or palate
and reduction malformation of the limbs, not related to the amelia-phocomelia
group. Children with this array of anomalies were common during the first
half of 1965. Although, the authors could not relate this to any specific agent
in the environment at that time, they point out that the system they used
was scnsitive enough to detect this particular event.

(1) A similar survcillance system based on defects recorded on birth certificates
in upstate New York has prasented evidence that it may have heen sensitive (in retrospect)
ta detect a Rubella epidemic in 1964-65 and lhe lail ol a mini-epidemic of thalidomide
cmbryopathy in 1962,
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3. 1 should like to talk aboui a Canadian study, which has been in
existence for several years. A pilot study of a surveillance system of congenital
malformations has been operating in Canada since 1966; the design of this
program and its method of operation have been described by Dr. Philip
Bannister on several occasions, Four provinces widely separated in the country
— New Brunswick, Manitoba, Alberta and British Columbia forward infor-
mation to a Central office in Ottawa, where the data are compiled and
analysed. The total number of births annually is about 95 000. The infor-
mation is based on infants born with congenital mallormations and is obtained
from the physicians’ notice of birth form and death certification. By the end
of June 1969, this sarveillance system indicated what appeared to be an
increase in the number of infants born with reduction deformities of the
limbs, {(defined as absence of bone or cartitage and/or absence of digit, hand,
foot, forearm, arm or thigh). Since there did not appear to be a change in the
incidence rates of other anomalies, a speciai effort was put into a program to
pursue this observation on reduction anomalies. Local follow-up studies
were initiated on all cases in an effort to determine the existence of any
common teratogenic factor. In Alberta where the greatest number of cases
occured (table 3) this was a very elaborate and detailed study while in the
other provinces, a less concentrated effort was carried out. Detailed studies
vielded no specific clues as to an etiological agent. As the data in the table
indicate, this increase in the incidence rate persisted in Alberta into 1970

TARLE 3

Number of cases and rates per 100,000 five births with reduciion deformities of the limbs
in four Canadian provinces by year, 1966-1970). (Data courtesy of Dr. Philip Banister).

1966 1967 1968 1969 1970
cases | rate” | cases | rate* | coses | rate* | coses | rate* | cases| rate*

Mew Brunswick| 4 31.4 5 1405 4 34.5 =] 50.6 7 | 805

Manitoba 3 |®7 | 6 (349 | 11 |834 5 |274 | 7 | 378

Alberta 10 |327 | 7 (228|117 |5684| 20 |ea® |25 | B3

Britisn B | 40.0{ 15 | 4586 15 |44.5 | 16 | 451 | 31 | 845
Columbia

Tetal 30 20| 32 35.4 | 47 506 | 47 | 487 | 70 | 709

tper 100,000 live births
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andl the same intensive follow-up of cases carried out in Alberta was initiated
in rBitish Columbia in 1970. Again these results did not yield any clues
regarding possible responsible factors. The evidence in 1971 to date, is that
the incidence rate for this particular defects has now dropped, back to
normal Jevels,

Therefore, despite the inability of the follow-up studies which were
initiated quickly to detect a specific etiological agent, this example has proven
again at leust to my mind that the surveillance system even one in a country
as large as Canada and as diverse, s capable of demonstrating ¢hanges in
the incidence of anomalies and in properly initiating follow-ups.

4. Embrye and Fetus study. At the time the pilot surveillance study,
which T have just described first detected an increase in the incidence rate
of limb anomalics, Dr. Poland and I decided to re-examine the frequency
of these defects in a scrics of human cmbryos and fetuses which we have
been collecting since 1965, in order to supplement siatistics from B.C. on
live and still births which were already part of the surveillance program. The
data in the table 4 presents our findings. It can be seen that there was a sharp
increase in the occurrence of reduction deformities which was statistically
significant at the 0.05 level during the 68-69 period. There was no corres-
ponding increase in spinal rachischesis and no overall increase in the incidence
of all types of anomalies specially during this period.

TABLE &

Relation of number of specimens of humuan embryos and fetuses with limb reduction
deformities and spinal rachischisis to total number of specimens and anomalous specimens
(from I.R. Miller, and R.J. Poland, C.M 4.7, 103, 503-505, 1970},

Reduction deformities Spinal  rachuschisis
Total Toten I B

Year  |spontaneous | abnormal e Of %o of

abortions | specimens *o0f | abnormal *a O | abnorrmal

No. [total | specimens | Mo, [total | specimens
1965 - 656 a5 43 3 3 4 =]
1966 -67 115 47 3 3 4 10
1967- 68 140 &3 o o) 0 10 5 16
1868 -68 148 70 =} 6 13 01l 8 14

Although, it is not shown in this table, the number of specimens with
limb reduction defects dropped back to the previous level in '69-70 and we
predicted on this basis that the rate observed in newborns would drop in *71
and a preliminary cvidence indicates that this has happened as I mentioned
previously.
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A review of the case records of the women from whom the specimens
with limb reductions were obtained failed to detect a common feature which
might provide an etiological clue. However, we believe the resulls of these
studies support our thesis, namely, that information obtained from the syste-
matic study of cmbryos and fetuses can be used as an important supplementary
data in monitoring systems,

Conclusion.

I have not mentioned a cost for such a program because data on this
are not available to my knowledge. The only estimates of which T am aware
arc those calculated by Bannister for the Canadian Study. A year ago, the
estimated cost of meonitoring each birth insert is aboul 0.35 dollars and the
cost of detecting an anomaly is $ 5.78 and the cost of cach case recorded
is § 8.18. This appears to be expensive programme and of coursc, does not
cover the costs of special follow-up studies which are initiated when an
apparent increasc in the frequency of a specific defect or array of defects
is annuonced; but these costs should be lowered with increased automation.

Perhaps, skeptics would say that the case for epidemiological techniques
in the detection of new birth dcefects or array of birth defects remains
“not proven” but 1 cannot agree. Whilc acknowledging the formidable
challenge in developing such schemes, I do not belicve we can afford not to
implement some program in view of the incredible cost of a potential disaster
and in view of the still poorly defined regulations governing (he introduction
of new chemicals, drugs, in most countries. While I still have great faith in
the powers of the astute clinical observer, 1 do not believe we can rely upon
this as our sole means of monitoring populations for the presence of new
teratogenic agents.
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EMBREYOLOGICAL APPROACH TO HUMAN TERATOLOGY

Hideo NISHIMURA, M.T,
Department of Anatomy, Faculty of Medicine, Kvoto University, Kyoto, Jupan

For the past ten years, we have continved a systematic survey of defective
embryos among early intra-uterine population. This study has been made under
the collaboration of a large-scale lcam of obstetricians, and is unique in terms
of the facts that the specimens were obtained by induced abortion, that is, arosc
from healthy pregnancy and the population examined is judged to preserve the
embryos with initiating malformations which will be lost selectively during the
later course of pregnancy. So far, we have obtained about 30,000 embryonic
specimens. Approximatcly 6,000 undamaged embryos among them were uscd
as the main maltcrials for the present study. All of those were accompanicd by
a case history record, The developmental stage of the specimens ranges [rom
Streeter’s horizon nine through 23, namely three to eight weeks of fertilization
age. The procedure of examination of the fixed specimens was cxlernal obscrva-
tion followed by serial sections of the whole embryos or microdisscction.
Aboul 600 fresh specimens were subjected to- cytogenetic study by culture
method (shown as follows).

Systematic survey for anomalies in human embryos of 3 1 7 fertifization weeks

Externally = Microdissection (Inlernal malformations)
normal
- F:‘ cgimens Extemally 1. Gr. : Serial section “ [Internzl malformations)
pe malformed 2. Gr. : Microdissection””
Dead in utero
I1. Fresh

specimens —=Culture (Chromosomal aberrations)
Now, what would be characteristic features of the defected malformations ?
The following [our points can be pointed out :

1. Certain severe anomalies werc found far frequently compared with the
prevalence in newborns.
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For cxumple, the prevalence of holoprosencephaly at 3.2 9 is 40 times
higher than that in newborns [3]. High incidence of other central nervous system
anomalics were wlso indicated : the frequencies of exencephaly and myeloschisis
were as high as 2.8 % and 3.0 % r1cspectively [1]. Among various cardiac ano-
malies, persistent atrioventricular canal which is one of the severest types was
found in the frequency of 8.0 %, while this anomaly has been very rarely seen
in infants. Most of such cases with severe malformations are probably imcom-
patible with live birth. This means that such materials are exceptionally useful
for study of the preceding process of intra-uterine death.

TabBLE |

Chromosemal aberrations in embrvos of 3 to 7 fertilization weeks {(Tonomura's group).

No. of cases Cases with chrumosomal abberation

karyotyped No,( ): % Type, ( ) : no.

4%, X (3)

45, XX, D-, G-, 1{DqGq) + (1)
47, XXY (1)

47, XX, E ()

563 12 ¢2.13 47, XX, G+ (D)

47, XY, G(1)

47, XY, D+ (1}

46, XY, ace (1)

69, XXY, {1)

Next, the cytogenetic study was conducted on 563 embryos alive in utero
by Tonomura's group. The frequency of chromosomal aberrations was found
to be 2.1 %%, that is aboul three times higher than that in live births (Tzable 13

2. A wvaricly of initiating figures of malformations was demonstrated.

For example, it was shown that, in addition to non-closure of the neurai
tube, rupture of the closed neural tube is one of the pathways of formation of
myeloschisis. As another example, 1 will take up the subcutaneous bleb in the
nape which occurs at about 7 % of the embryos. 1t was known histologically
that this is the result of abnormal accumulation of ccrebrospinal fluid discharged
through the ruptured roof of the hind brain. It may be presumcd that this
is the initiating picture of meningocele. Underdevelopment of the mandibular
arch is also a characteristic anomaly. This is estimated to present the early
stage of micrognathia. The next example is the polydactyly which was found
most frequently among limb defects. Observation of a closed developmental
series of this defect revealed an interesting finding that disappearance of the
apical ectodermal ridge, a thick skin ectoderm which appears only during earlier
stage, is retarded on the surface of the extradigit of the preaxial polydactyly,
while this is not the case with postaxial polydactyly.
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Thus, our collection of defective embryos can demonstrate actual pictures
of teratogenesis in man. Furthermore, that will allow us to compare the
pathogenesis of various defeets between animals and man, and will contribute
in evaluation of animal studies.

3. Thourough study of serial sections of the whole embryos with external
malformations indicated that about 40 % of these specimens were accompanied
by somc other internal malformations in various organ systems (Table 2).

TABLE 2

Visceral defects combined with verivws exiernal malformations in human embryvos.

Embryo CE
N ¥ Hurizon | Length | Sex | Eaterual mallormations Combined internal 13 Remarks
No. (mm) )
4971 0 185 % | exencephuly, myeloschisiy double verbebral budy and notecherd, | hyperthyreidism
vomplicated atresal in digestive
tract, hypoplasia of gunads
21973 17 0.8 phaly, holopr phaly, Chuon cold,
mycloachisis vageine tor fug,
diginin
Ly 17 11,8 holopresencephaly, blood stasis in heart, tiver and sponansous
polydactyly (r-hand) mesonaphrog® ahortion
10049 16 10,3 Tloprpgence plialy, blood staxis in scalp, heart and grmital bleading
polyduavtyly {1-band) inesone phros*
4540 1% 139 ¢ | holoprosencephaly —-
S65 17 11,4 holoprosencephaly, myctoschida _

19551 L7 130 koloprosmenphaly —_—— penital bleedng,
clell palale in
hraother

7182 1% 1L1 | hwlvpresence phaly hypoplasia of adrenal certex rhreatened ahoriion

10341 i6 7.3 holupresenaeplaly

14742 17 g2 huloprosenceptily, polydactyly (-, 1-lands} focal vesicle i forebrain epile psy

g2 17 holupr plialy, polydactyiy {rhand}

4933 18 108 | & | holepre phaly, polydactyly {r-, l-hands) —— 38 yr, genital
bleeding

RTo1 16 2.3 holuprosencephaly _ s

391 21 20.0 %2 | embryonic hydrovephaly
g pd | AN 4 | cleft lip (r), split hand {1} V5D
95 19 17,3 2 1 eleft lip () bluod slasis in svalp, Jaandiable,
late ralihorax*
17356 17 121 cleft lip (r, 11
17984 17 12.7 cielt lip (g, 12 fused metanephros 35 yr
Tin 14 myeloschisis hypoplasia of mesone phoos,
hinod stosis in liver, mesonephros®
18283 0 15.0 | mysloschisis _ — 3% yr, myuma uler
HEH 18 1Ll | polvdactyly (i-hand) hypeplasia of thyroid, fused
merancphroy
%003 3 139 9 | pelydaslyly (I-haud) annular pancreas commun vull
18565 il el ? | polydactyly { 1-haud) csoph | atresia, csophogotracheal anemia
fistula, ¥5D, SUA

* Signs indicating threatened death in utero ?
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Our goal of the further study along this line is to know somc of the
successive chains of teratogenesis in man.

4, Somce minor anomalous formations which appear to exist only transi-
tionally, were accasionally found.

Tor example, onc or two small tubercles were occasionally found on
the digit, tail or on the basal part of hyoid arch of five-week-cmbryos. Also,
it was peculiar that the internal cardiac wall of six and a half-weck-cmbryos

showed a small protrusion near the pulmonary valves in the frequency of ubout
20 %,

Such formations mentioned above have never been described in the rcecnt
literature [2] and their meaning remains to be clarified.

Next, I will mention about our corrclation study aimed at identification
ol certain internal factors associated wilh occurrence of the defects or death
of cmbryos. Significance of such a rctrospective study may be justified by a
specilicity of the examined population in utero and the advantage that patients’
memory is comparatively accurate. Although the number of the malformed cases,
near 100 in total, is still small, the preliminary analysis was done with respect
to 30 items in the case history records. A significant positive association was
shown between embryonic malformations and cach of maternal genital bleeding

TArRIE 3
Maternal genital bleeding and puathological embryos

. No. of malform. No. of wastage
Genital hleeding Total no. ():% (y:%
- 2711 44 {1.6) 120 (4.3)
-+ 395 13 (3.06%) 51 (J4.2%%)
H# 390 24 (6.2%*) 169 (43.4%%)

# Accompanicd by symptoms of threatened abortion.
¥ P <7 0.01.

* P 0.05

TarLE 4

Hyperthyroidism during pregnancy and pathological embryos.

Total No, of No. of
Hyper-thyroidism o malf. death in utero
’ (): % {()Y: %
- 5160 59 (1.1) 826 (16.0)
11 2 (18.2y* 1 (9.1)

** P < 0.01.
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TABLE 5
Radiation during pregnancy and pathological embryos.

No. of No. of
Radiation T:(t}al malf. death in utero
’ ():% ():%
- 5033 63{1.25) 783 (15.54)
+ 96 3(3.13) 23 (23.96)"

* < 0,05,

T4BLE &
History of uptake of drugs for anemia and pathological embryos,

Total No. of No. of
Drug ::0 malf. death in utero
) (1% ():%
- 5083 66 {1.30) 802 (15.78)
+ 19 0 8 (42.11)**
¥ P 0,01,
Tanpk 7
History of antibiotics uptake and pathological embryas.
- No. of No. of
Azuzi:cs Taotal no. malf. death in utero
P ():% ():%
- 5042 66 {1.3) 788 (15.6)
+ 60 0 22 (36.7)**
P00l
Tartr R

Uptake of vitamins (excluding vitamin K) and pathological embryos.

Vitamins Total No. of No. of
uptake 0. malf, death in utero
():% (): %
- 4942 64 (1.3) 767 (15.5)
+ 150 2(1.3) 43 {26.9)%*

** P 001,
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during thc terminated pregnancy and maternal hyperthyroidism, between
embryonic death and each of maternal irradiation and intake of drugs for
anemia, antibiotics or vitamins (Tables 3-8).

Concludingly, our embryological studies to be continucd further will
be able to meet the needs not realized by any other studies.
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DISCUSSIONS

J. MitLer : Thank you very much, Professor Nishimura. Dr. McBride, would
you like to make some comments? Before we turn the discussion to the
audience ?

W. McBRIDE : 1 would be delighted to comment. I enjoyed Prolcssor Miller’s
papcr immensely.

I dont’t think he has to justifiy the cost of these studies. I feel that the cost
of a child with severe physical or mental rctardation te the community is much

- greater than the cost of his surveillance mcthods. This child, if born, will have
a life expectancy approximately the samc as any other member of the commu-
nity, his ability to work may be impaired, and he may, perhaps, be supported
by the community, for the rest of his life. So I feel that the cost doesn’t have to
be justified. _

As regards Professor Nishimura, I regret that Japan, not quite as bad as
Australia, but is a little bit off the beaten track — even from Furope, I think it
is ahout a 14-hour flight —— 1f one has never visited the city of Kyoto which
is thc most beautiful city, in Japan, it is worth going there Lo see the Nishimura
collection, if you’re interested in congenital anomalics. T hope that one day the
World Health Organisation in its wisdom, may find a home for this collection,
perhaps in Durope or perhaps in New York, somewhere where it will be
within easy access for students of this subject hecause it is the most amazing
collection 1 have ever seen.

I was inierested to sec, on one of Professor Nishimura’s slides, the incidence
of congenital unomalies increased where the mothers had taken or been given
treatment for anacmia — drugs for anaemia. 1 hope he might comment on this
later. I fecl that our main hope for the prevention of congenital defects at
present lics in the identification of environmental factors which permil or encou-
rage abnormal development, and in their elimination or correction. I think the
concept of optimal maternal health must be examined, analysed and achieved.
I think Dr, Whitehead this morning emphasised this point too. T think that we
have certain indications for increased vigilance. We should be on the alert if the
mother is of increasing age : increasing age and parity, I think, arc factors which
we must consider and be on the alert for congenital anomalies. Sccondly, family
history of anomalies. Thirdly, the history of recurrent abortions in the mother.
Fourthly, maternal ill-health, particularly in the first trimester of pregnancy.
We should note what virus diseases, even the common cold or the Echo vires, or
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what drugs she has ingested in the first trimester of pregnancy. Fifthly, I think
chronic matcrnal illnesses, such as diabetes. Sixthly, exposure to known tera-
togens, irradiation, although care is taken these days to shield the fetus. The
seventh point is the amount of amniotic fluid which gives us some clue as to the
welfare of the fetus. The eighth point is persistent fetal malpresentation or
abnormal atlitude, and 1 think these should be noted in every pregnancy and
recorded at the time of birth in a detailed history, which, I hope, will be put on
to a computer.

I think that these two papers this afternoon, I call Professor Nishimura’s
comments a paper because of thosc beautiful slides which he showed, and the
immensc study which he has donc, and I feel that our hope, for the future —
T am not playing down the genetic side of anomalies, — are an intense¢ amount
of study of environmental factors.

Thank you.

). MicLek ; T neglected in my presentation to talk about the sitnation in which
there might be a rather large population exposed to a potential teratogen. It
seems to me that sume group, (government, Who, cte.) should be prepared to
send in a team to investigate such a situation very quickly. The point has been
made that we should perhaps pick out special groups for immediate study rather
than wait for such potcntial disaster. 1 am not as keen an advocate for prospec-
tive studies as Professor Degenhardt and others were this morning. 1 don’t believe
such studies have ever been rewarding and I don't think they ever will be,
because they begin too late. We must begin looking for agents before the
woman is pregnant (if this evidence presented this afternoon is valid) and I don’t
believe any studies can reasonably begin this early. To dalc prospective studies
can reasonably begin this early. To date prospective studics begin when women
first come to a clinic for their first prenatal visit and that's too late because they
usually come after the ctitical period of embryogenesis. So unlcss there is some
program established that has mammoth support and attempts 10 establish a
large cohort of women who begin filling in * diaries ” before they are pregnant,
and continue to record all relevant information throughout the period of ferti-
lization and early embryogenesis, T just don’t see wherc prospective studies will
vield relevant information.

The discussion is now open, for any mcmber of the audience who wishes
to participate, either to ask questions or to comment upon this problem of the
detection of anomalies : when they can bc detected, and what we can do
about it.

C. LEVINTHAL : In view of the very large effcct of smoking on discasc in adults
— much higher than anything associated with urban environmentat pollution —
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it would seem to be important to look closely at correlation between defects and
smoking. Can one put some light on the teratogenic effect of human smoking ?

H. Nisnimura @ There is an item on smoking plus or minus and a preliminary
analysis was made between maternal smoking and the occurrence of defective
embryos or deaths of embryos. Flowever, there is no association, no significant
association has been found as yet,

H. LEWIS : Arc there any data correlating coffee consumption (caffein intake)
with developmental abpormalities ?

J. MILLER : Not to my knowledge. But again, it is the problem of dealing with
a very common agent which it would be most difficult to implicate.

W. MCBRIDE . Methotrexate has been used in the treatment of psoriasis by
dermatologist. Some of the women were pregnant or became pregnant whilst on
this treatment, some have given birth to babies with anencephaly or micro-
cephaly. This emphasises the importance that if it is necessary to give women
of child bearing age a known teratogen, the woman and her medical supervisors
musl be aware of the dangers and must make certain that she does not become
pregnant. Tt should be considered essential that such women would take oral
contraceptives hormonal preparation, or be given intramuscular long acting
hormonal preparations, Lo be certain that she does not become pregnant whilst
on treatment or even for there months after completion of the methotrexate
therapy.

S. BenneTT : T have lwo questions for Professor Nishimura. With respect to the
scrics of embryos which you have studied so ably, what proportion were from
spontancous abortions and what from surgically induced abortions ? Second, of
_those temoved surgically, what methods of removal were used to obtain such
a significant proportion with little physical damage to the specimen ?

H. Nisurmura : To your first guestion : the materials dealt with in this paper is
concerned with only induced abortion. Although we have been obtaining speci-
mens from threatened abortions and spontaneous abortions, these were not
included to my data shown to you at all. To your second question: the
method of the opcration is in mosl cases cervical dilatation and currettage. This
is the most common methed for interruption of pregnancy at the second to third
month.

Sometimes, hysterectomy has been conducted. But T must add that nowa-
days the method of suction is gradually becoming popular, By the last method,
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it js very difficult to get good specimens, So, as far as the anatomical studies are
concerned, the method of curretlage is most favourable.

J. MILLIR : If there are no forther questions, may T go back 10 some points
which were raised earlier ? I don’t like to discuss questions about costs, but
neverlheless, people who arc questioning whether such surveillance systems
play a role in public health scrvices, do ask such questions. One of my points
against prospective studies is in lcrms of actual practicality, that is convincing
public health authorities about such schemes and their importance, ete. 1t would
be very difficult to justify studics of the required magpitude on a cost basis.
llowever, it seems to me that the usc of embryos and fetuses is a happy compro-
mise becausc it is possible to get back to a developmental stage which is very
close to the initiating events when the mother’s and physician’s memory about
particular situations are clearer. So Professor Nishimura's study, while still a
retrospective one, is much closer to the witiating events and may answer some
of the questions which prospective studies are designed to investigate. It seems to
me therefore thal it would be easier to justify the costs of a study involving
embryos and fetuses than of a large prospective survey.
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CREATION OF CHROMOSOMAL ANEUPLOIDIES
AND POLYPLOIDIES IN THE ANIMAL EMBRYO

T.H. INGALLS and M. YAMAMOTO

Boston University, School of Medicine, Framingham Union Hospital
Framingham, Mas. (U.5.4.)

Ours was really a study in experimental epidemiology in that hazy area
which Dr. Miller himself just brought up — the border between cytogenetics
and teratology. 1 suppose the area wherc Dr. Yamamoto and 1 have been work-
ing thie last four or five months is wholly in cytogenetics. Let me first give the
background, which starts out more than twenty years ago. About 1949, together
with two of my colleagues, Prindle and Curley, I underteok to test the teratogenic
properties of hypoxic stresses of pregnant mice treated in a low pressure cham-
ber during the latter half of pregnancy. The whole area of acquired congenital
defects in human beings had just been opened up, as Dr. McBride noted this
morning by Gregg's wartime discovery of the rubclla syndrome in Australia.
Moreover, the promise of experimental methods for such exploration in animals
had been demonstrated by Warkany and Nelson’s study of the effect of ribo-
flavin deficient diets in pregnant rats, Qur own interest in the use of hypoxia
siemmed from a study of the events of early pregnancy of mothers who had
given birth to mongoloid babies at term. It seemcd important to take the whole
problem of congenital deformity in relation to disturbances of pregnancy into the
luboratory for analysis, using a small animal model such as the mouse, and a
naturafly occurring teratogenic agent such as hypoxia.

The rationale of using hypoxia hud to do with haemorrhage, and contusion
and hemostagnation; there were several reasons including automobile accidents
and abdominal trauma followed by mongolism.

It is hardly nccessary to add before this andience that the whole horizon
was to be expandcd shortly by Lejeune’s demonstration of mongoloid trisomy
and the observations of thalidomide embryopathies by McBride and Lenz.
Nonetheless, during the decade 1950-1960 it became clear from our own studies,
from Degenhardl’s work in rabbits, Wertheimer’s work on hypoxia in the
production of ocular dcfects, and others, that atmospheres equivalent to high
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Fig. 1. Metaphase plate and karyotype of the normal female hamster.

altitudes of the order of 30,000 feet were indeed teratogenic for the developing
embryo. The resulting malformations after such experiments could be related
to the timing and the degree of maternal hypoxia and to the stage of gestation at
which the hypoxic disturbance occurred. Additions to an enlarging understanding
of the teratologic mechanism came from Grabowski at the University of Miami
in Florida, and he made many physiologic studies of the subject over a 15-year
period in the fifties and sixties. Also, the earlier studies that had been made of
the role hyperbaric oxygen in causing retrolental fibroplasia and other studies
from the field of aviation medicine made during World War 1I were relevant
to our thinking.

All these works combined to explain the pathologic sequences resulting
from hypoxia as due to an upset homeostasis characterized by lowered pH and
carbonic and lactic acide accumulations.

Not only was the advent of cytogenetics as a scientific discipline necessary
for the understanding of teratology to enlarge, but it has taken my Japenese
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Fig. 2. Top: Female receptiveness. Botfom : Hypoxic stress of two female hamsters
motionless within a low-pressure chamber.

co-workers and I another 15 years to appraise and compare the advantages and
the disadvantages of Zebra fish, mice, rats, rabbits, sheep and finally hamsters
in our search for the most suitable animal model for today’s cytogenetic experi-
mentation. We have come to rest upon the hamster as having a whole set of
advantages over other small mammalian competitors; it is small, tame, inex-
pensive to feed and house and the females’ estrous cycles come 4 days apart.
Within 2 weeks we can reverse her circadian rhythms and this makes it possible
to schedule reproductive experiments during the working day rather than at
night. Under such circumstances, ovulation occurs early in the afternoon and
copulation is readily effected at the start of a working day. Of additional impor-
tance to those planning cytogenetic experimentation, is the fact that hamster
chromosomes are polymorphic and can be readily separated simply by inspection
into 7 main groups that include a distinctive pair of X chromosomes (Fig. 1).
Moreover, Dr. Yamamoto and I have found that, as with gross congenital
defects, a constellation of chromosomal anomalies can be induced at the same
negative pressures in the same plastic chamber (Fig. 2) so successfully used for
many years to deliver timed teratogenic stresses later in pregnancy. These were
maternal disturbances resulting in cranioschisis, spina bifida, cleft palate, bony
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Fig. 3. Left: Three tetraploid plates in a 10 day old fetus. Maternal hypoxia for six
hours at 30,000 feet three to nine hours postcoitus. Right: Tetraploid cell by oil immer-
sion. After hypoxia for six hours at 30,000 feet three to nine hours postcoitus.

defects and vascular malformations of litter members. The same dosages
turned out to be mutagenic just as they had been shown to be teratogenic.
Dr. Yamamoto will shortly tell you of our first experiment made during the
spring of 1971,

Following maternal hypoxia on the first day of pregnancy we have encoun-
tered mosaic tetraploidy (Fig. 3) when the stress was given not long after the
time of fertilization and first cleavage, Triploidy (Fig. 4) and mosaic triploidy
when the process of extruding the second polar body was interrupted around or
just after the time of fertilization. We feel sure that a whole system of chromo-
somal anomalies has been uncovered which have their origins at one or more
stages critical for normal reproduction : these include the first meiotic reduction
division in the ovaries; the second meiotic division and the migration of the
oocyte through the oviduct; the time or around the time of fertilization and initial
cleavage; and finally the periods after fertilization and initial cleavages before
the embryo « hatches » from the zona pellucida. We are not prepared today
to document and substantiate more than one phase of this work, the action of



CREATION OF CHROMOSOMAL ANEUPLOIDIES AND POLYPLOIDIES 133

Fig. 4. Triploid sets of chromosomes. Mother exposed to hypoxia for six hours at
30,000 feet on the first day of pregnancy. Top: Four-cell embryo; Center : Metaphase
spread; Bottom : 10-day old fetus.

hypoxia as a chromosomal mutagen and Dr. Yamamoto will tell you of work
recently completed and readied for publication.

Such studies can not be applied unreserverdly to the interpretation of the
polyploid and aneuploid formations observed in human beings. They can,
however, be made, we believe, to serve as useful and indispensible guidelines
to needed clinical studies of maternal-child relationships in human beings,
particularly of children born after disturbances of meiosis, fertilization, or of
very early pregnancy. Such pregnancies are often associated with placental and
chromosomal anomalies — trisomies, monosomies, triploidies, tetraploidies —
of the kind we can observe in the hamster embryo.

*

I would like to report on chromosomal anomalies induced by hypoxic
stresses given in a low pressure chamber during the very early hours of
fertilization and pregnancy. In these experiments we selected golden hamsters
for several reasons, such as their distinctive chromosome patterns, their 4 day
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estrous cycle, and the ease of timed matings under the controlled lighting system
described by Dr. Ingalls. In order to obtain the desired timing of copulation,
we check for estrous discharge and mating behavior of the female when taken
to the male’s cage. When she is in estrus, she exhibits a lordotic posture, a sign
that copulation will take place.

After the matings are completed, females are placed in the low pressure
chamber for 3 hours or more around the estimated time of fertilization and first
cleavage., The low pressure atmosphere used in our experiments usually
corresponds to altitudes of 30,000 feet or above,

We analyzed chromosomes at both preimplantation and organogenctic
stages, There were about 300 embryos harvested at preimplaniation stages.
Positive findings included a high percentage of triploid and tetraploid formations
in the test groups, as contrasted to the controls. The same heteraploid pattcrns
were observed also in fetuses sacrificed 9 days after copulation at organogenctic
- stages of development. According to the karyotypic analysis of triploid meta-
phase plates, sex chromosome complexes were all XXX or XXY pattecrns.
Therefore, as an explanation of the origin of these triploid formations, failure
of second polar body formation seenis a likely cause of the anomaly.

In the case of tetraploid formations, we found two different mosaic
patterns. One consists of higher concentrations of diploid-tetraploid mosaics
(about 25 % to 50 % proportions of tetraploid ceclls). The other consists of
lower concentrations of mosaics (less than [0 %). The dillcrences arc related
to the different timings of hypoxia. We interpret the facts to indicate that the
origin of these chromosomal mutations took place during the very early stages
of preimplantation development and that the higher ratios were deicrmined
in cell clusters of 2, 3 and 4 cell stages of embryonic development, whereas the
lower ratios became established a day or two later when the embryonic cluster
consists of 8 to 16 cells,

Interestingly enough, we found three cases of endoreduplication at pre-
implantation stages. We found three cascs of endoreduplication may represent
one step in the genesis of tetraploid cell lines related to hypoxia.
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S. BENNETT : T am impresscd by the studies of Professor Ingalls and Dr. Yama-
moto relating to the critical importance of the timing of episodes of anoxia in
producing fetal chromosome anomalies. An important environmental cause of
episodic anoxia in humans is carbon monoxide. Can Professor Ingalis tell us
what is known about the metabolic behaviour, or partition, of carbon monoxide
between mother and [ctus. Further, does he know of studies of the teratogenic
effects of carbon moenoxide.

T. INGALLS : 1 don’t know of any direct physiological knwledge except that
which relates smoking to carbon monoxide accumulation. However, a certain
amount of clinical knowledge is available about carbon monoxide poisoning,
followed by very serious congenital delects; for example, in the child of a
mother who tried to commit suicide. There is one bit of experimentation that
does seem related to our unpublished cxperiments indicating that delayed
fertilization comes into the picture, For cxample, Dr. Yamamoto could produce
various chromosomal aneuploidies, polyploidies and mosaics just by delaying
fertilization in the hamster. The question arises, what about combinations of
delayed fertilization and carbon monoxide poisoning or, let us say, carbon
monoxide accumulations from smoking. There are many other ways also of
producing relative hypoxia ~— from asthma, from emphysema and as far as
the embryo in the uterus is concerned, from venous congestion, and from
maternal decompression within an airplane. Also, when you get a uterine tuhc
all scarred with adhesions, I think you get into another kind of delayed ferti-
lization, so that I think there is a lot to be done in this whole area.

S. BENNETT : Final remark; may I suggest then, that there may be useful know-
ledge to be gained from studies of the behaviour and effect of carbon monoxide
on the fetus and on pregnant animals. Moreover, 1 venture to suggest that it
might be worthwhile to inscrt a search for carbon monoxide exposurc in
epidemiological studies such as those undertaken by Professors Miller and
McBride.

T. IngaLLs : I think you come back into an area of mulliple causation almost too
difficult to appraise — smoking, inhating, number smoked, number of drinks
had, whcther a pregnant woman is taking the airplane overseas or mnot,
pressurizalion of the cabin, etc. You come up against a good many factors that
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could work together in multiple causation which w¢ can’t do much more than
just mention,

W. McBRIDE : An interesting arca that Professor Ingalis might consider studying
is Africa, where hookworm and malaria arc still prevalent, and you see women
with very low haemoglobin levels, 3, 4, 5, grams, and in these women — the
foetus must surely suffer from hypoxia right throughout pregnancy.

A. Monroy : Have you made chromosome analysis in the different regions of
the embryo ?

T. INGALLS : No. Dr. Yamamoto and I have had several discussions about the
possibility of taking an embryonic arm, or perhaps the head as 2 standard
sample; T don't think he has ever been able to solve the technical problems
involved but we would both agree with you; we should have done it

M. YamamoTo: I cut the specimens into ten or [ilicen pieces for direct
chromosomal analysis. However, even in 9-day old fctuses it is impossible to
investigate chromosomes from a specific part or tissue of the fetus.

A.E. HELLEGERS : | think there are a fair number of data known in this area
which have perhaps not been mentioned. The first arc studies of pregnancy at
high altitude. At levels of 15 000 Ieet in Morococha, Peru, Donald Barron and
his coworkers were unable to find any particular problems of this Kind. Now
we did not go to Peru to do this particular kind ol study, but rather to study
oxygenation of the fetus in utero. However, perhaps z first rapid source of data
would be available by screening a population like that of Morococha, With the
exccedingly simple pregnancy tests of today one could [rom the known pregnan-
cies proceed to collect the material and do the chromosomal analyses.

Perhaps 1 second pertinent point is that to the best of my knowledge human
beings don’t reproduce at altitudes much abave 17 000 fect. It may very well
be that naturc has taken care of this problem particularly if your results refer
to 30000 fect.

A third pertinent point is that Dr. Neill and her coworkers have been in
the process of studying mothcers with Tetralogy of Fallot who had Blalock-
Tanssig procedures performed on themn and became pregnant. Where the oxygen
saturations were much below 75 % on the hematocrits over 63 (as a rellcetion
of oxygen lack) they all miscarricd. Therefore 1 would suggest that a second
good source of material would be the abortuses of such patients with Cyanosis,
In the meantime 1 think it would be very dangerous to extrapolate from rodents
at 30 000 feet to humans who reproduce at much lower altitudes than that.
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T. InuaLLs : ‘the oniy comment 1 would make is that at Morococha and at
Cerro de Pasco, and in places like these at high altitudes, I think you get high
mirauterine mortalities, as you suggest. I am going Lo suggest also, along with
Dr. Degenhardt, that there is much to be gained from retrospective studies even
though they have limitations. 1 don't think it was on a coldy prospective basis,
Dr. McBride, that you made your observations in 1960. It is somctimes amazing
Lo sce what some of these mothers can remember when things have gone wrong,
and without being neurotic about their memories, I would like to ask Dr. Degen-
hardt if he wouldn’t defend the retrospective method a little.

K. H. DEGENHARDT : I have several questions, I should like to comment first
on Dr. Miller’s remark concerning the value of epidemiological studies to
elucidate some facts of the ctiology of congenital malformations. Dr. Mitler,
be sure that our group has a lot of sclf-eriticism using the method of prospective
investigation. I personally must say that T think we should use all three main
research methods : This means prospective, retrospective and experimental
investigations; only then we may have success, We focus, too, on the time before
conception and around conception. As a geneticist I know that causes of
congenital malformations may be before conception but I may focus your
attention on the very important load of multiple factorial caused congenital
malformations. This means those malformations are caused by several genes
and several external agents. I may ask you, Dr. Miller, how will you succeed
with your excellent epidemiological studies which may be a very good warning
system, to enter this field of very complex ctiological factors of congenital
malformations. I appreciate, very much, the work of Professor Nishimura, He
is very close to this times, where these intrinsic and extrinsic factors act. T mean
the factors which make true the derangement from the silc of the genetic
factors and from the site of the external agents. I introduced the problem of
congenital malformations using hypoxia in pregnant rabbits and it is jost a
wonderful occasion to thank Professor Ingalls for his splendid ideas. He
didn’t know that he stimulated me to take on this work but I was clear by
mysclf that hypoxia may not be a real teratogenic agent of importance for the
human being. My intention was fo look for sensitive stages in early pregnancy
and I surprisingly found that the vertebral column primordia reponded in a very
brief time of carly gestation; 1 substituted the findings of Professor Ingalls that
there ix a cranio-candal gradicnt concerning the need for oxygen in the axial
primordia. 1 should not touch this any more.

I may focus en Tr. Yamamotos work and I congratulate him. I am a
clinician, a pediatrician too, and T know what it means to look for causes of
mosaicism in chromoesomal aberations. We know nothing in human beings up to
now, and you may be onc of the first who has arranged chromosomal mosaicism :
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you found here. I may ask you what is the physical relevance in the embryos of
triploidy mosaicism and of tetraploidy mosaicism. I am well aware of the
problem of triploidy in rabbits. 1 focus on the work of Beatty and Fisherg in
England. 1 think Professor Warkany is well aware of their beautiful study on
triploidy caused by colchicine; they never succeeded to raise triploid embryos
beyond the neurulation stage. But you found triploid embryos at the stage of
9 days, I know what this stape means, in the golden hamster. You have paddle
formed limbanlagen on a weli-formed embryo. What is physical relevance...

T. INGaLLs : We think there is a survical factor here, a very large one, and that
is why in all of this work he has made two samplings, The first is made during
the preimplantation stage, perhaps at 3 days when the embryo has about 16 cells,
something of this order; the second sampling is made 9 days after copulation,
Ideally Dr. Yamamoto should have taken multiple samples of each fetus.
However, technically this was too difficult and time-consuming, but the results
would be very interesting. Thus, we had a specimen recently that at first seemed
to be trisomy mosaic; the trisomic chromosome involved only one group. After
a while, however, the cells proved to be consistently haploid. We really wish
it had been possible to check back on source matcrial to see if other sampling
would have given trisomic counts at first, which Jater became consistently
haploid.

. Margs : Have you followed the fetal dcvelopment to term to obtain data
as to percentage of anoxia induced aneuploidy and polyploidy basic detectable
abnormalities 7 If such data are available, what is the spectrum of abnormalities
ohscrved ?

M. Yamamoro : These fetuses with polyploids arc determined at 9 days.

P. Magrks : How long is term, in a hamster ? 16 days ? So they are over half-way
through.

T. INoaLLs : You can almost diagnose the runts as triploids. 1 don’t know
whether you can diagnose others or not, by inspection.

P. Marks: You think they die ?
T. InGALLS : Yes, a lot of them dic.
M. YamamoTo: I don’t think triploid embryos can survive throughout pre-

gnancy. When I find triploid fetuscs, they are treated like implantation sites. In
the case of tetraploid mosaic fetuses they are more mature and closer to normal.



140 DISCUSSIONS

T. INGALLS : May be it will be interesting to look for a connection between what
Dr. Yamamoto has just told you and what is scheduled on tomorTow’s program
when we will have a consideration of the very high incidence of chromosomal
anomalics in abortuses. The correspondence begins to make sensc.

M. WINICK : Is this more wastage or more congenital malformations ?

M. YaMaMoTO : We have found a high incidence of pregnancy wastage in test
animals as compared with the control.

T. InGaLLS : I think that thc chromosomal anomalies and maybe even the
congenital anomalies are manifestations of increased pregnancy wastage, the
cxtreme manifestation of which, of course, is death.

R. . WHITEHEAD : T hope you don’t mind my asking a gquestion about some-
thing 1 know nothing at all about, but with such a diverse audience, maybe it
is permissible for people who do not know much about a subject to ask a
question. It is in relation to the human signilicance of the animal experiments
that you arc doing. Other speakers have made comments on altitude, and
Dr. McBride has mentioned the possible importance of anaemia, and I wondered
if in fact you have measured the oxypen tension in the blood of your cxperiment-
al animals and compared that with thc oxygen tension in the blood of human
beings who are anaemic ?

T. INGaLLS : Well, I'li give you a reply. I can’t answer the whole gucstion becau-
se one doesn’t have all the physiological parameters that he should have, and
T'd have to ask Dr. Bennett for his tolerance and suggestions. The reason why
these rough parameters of altitude arc given is simply because they work, and
there are so many variables : hamster ovulation, hamster copulation, hamster
oestrous cycle that you try to keep the conditions of the experiment as simple
as possible.

A. E. HELLEGERS : Might T suggest that there might be a difference between
whether it is dependent on oxygen fension or oxygen centent. 1n the problem
with anaemia the oxygen tcnsion may be quite normal, but the oxygen content
quite low. The question may be whether some fetal cnzymes might be activated
by tension and others by content. The second thing which may be relevant in
this context is that in abortuses of women with cyanotic heart diseascs, the
abortions can occur as late as the 12th or 13th week of gestation. A third factor
which might be of importance is that these cyanotic pregnant women often have
very low urinary pregnancdiol cxcretions. I believe there is beginning to be some



DISCLISSTONS 141

cvidence that the progesteronc production of the placenta may be affected by
the oxygen environment, so that this might be the cause of thc pregnancy ending.

T. InvaLis T feel very comfortable to have my friend Stanley Bennett in the
front row, because he is a physiologist and a reproductive physiologist, and
maybe he can hclp answer these.

S. BENNETT ; Professor Ingalls flatters me. 1 am not courageous emough to
comment on the questions he raised. In retreat, may T ask that we return to
the question of triploid or tetraploid embryes. I wish 10 remind this conference
of the work of Dr. Fonkhauser, performed fiftecn or twenty years ago. Perbaps
Professors Ebert or Monroy or Nishimura will recall these more accurately than
I and corrcet me if I remember them faultily. As I recall Fonkhauscr’s work, he
succeeded in raising triploid and tetraploid salamanders. These animals were
very dclicate, and far less robust than the normal diploid spceimens. Yet in
the polyploid salamanders, the organs appeared nearly normal grossly, yet
on microscopic examination, the cells were larger than in diploid ones and, by
inference, there were hence cells in organs of normal size. Fonkhauser pointed
out Lhat a brain, for example, with larger and fewer cells than a normal, would
probably be simpler in its connections and that hence triploid or tetraploid
animals are probably more stupid than the diploid and can be regarded as
mentally retarded or underdeveloped. They may well lack important control
mechanisms and hence have greatly reduced viability in spite of grossly normal
organ morphology. Dr. Fonkhauser’s work suggests the inadequacy of looking
only for gross developmental anomalies in triploid and tctraploid embryos and
commends the use of more penetrating methods for scarching for defects.

L. WOLPERT : Tt seemed to me that many of the foetal abnormalities that have
been described, irrespective of their maturc, lead to abottion of the foctus.
This is rather surprising and I want to know if it is true, and if it is truc, what
is the reasom.

H. NISHIMURA : 1 would like to point out that unlike posinatal death, detailed
preeeding  processes of the intrauterine death are unknown, For example,
although most of the polydactylous embryos are supposed to be lost during the
later course of pregnancy, the causc is not clear. It may be due to that many of
the cxternally malformed embryos are accompanied by somc serious internal
malformations.

J. EBERT : I have found the emphasis, throughout the day, on environmental
factors, to the exclusion of the genome, disquicting. Until Professor Degenhardt’s
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observations, I found myself reliving the ancient history of developmental bio-
logy, a field that failed to advance until it was rc-united with genetics. I would
re-emphasise the need to utilise, as far as possible, inbred strains of animals
providing a known genetic background for studics of the action of environmental
teratogens. I would also stress the need to design cxperimenls Lo answer specific
guestions. Finally, the availability of cloning and somatic hybridization techni-
ques for human cells should make it possiblec {0 answer questions about the
interaction of teratogens with the gemome,

T. InGaLLs : I do not think this work poses any threat to genetics as such.
However, these experiments do demonstrate that events other than those which
are genetically programmed can determine anomalous chromosome formations.
1 mysclf do not regard this finding as oppressive to genetics. T would like to
ask Dr. Warkany if he looks at this matter the same way.

Whereas 1 have said 1 see no conflicti here, Dr. Ebert asserts that our
emphasis on the environment is very unfortunate. T simply beg to disagree. Ten
vears ago it was Dr. McBride who was taken 1o task for putting too much
emphasis on the envirocnment. His paper did not even get a hearing. Perhaps
there is a disagreement of intcrpretation rather than facts. If so, this is a healthy,
controversy and will be settlcd by [utore workers.

As I interpret our own work and the other studies that we have built upon,
the facts begin to sct apart a body of chromosomal genetics distinct from gene
genetics. New approaches are needed just as they were needed when viruses
were set apart from bacteria for special study. Why not ? This is not a question
of environmental emphasis “to the exclusion of genetics, or genetics to the
exclusion of cnvironment”. Quite the reverse; there is evidently an interplay
going on between both worlds. Moreover, there seems to be a demonstrable
vulnerability of particular chromosomes to change, especially during the pre-
implantation period about which we are just beginning to learn many basic facts.
T have no hesitation in saying that critical experimentation is needed to scttle
point at issuc and differences of opinion among investigators. This is science,
the same, often inexact, science of Buffon, Lumarck, Isaac and Geoffroy
St. Hilaire, Lemery and Dareste, as well as the more exact science of Mendel
and of his followers in the twentieth century with our more advanced techno-
logical aids. So dependent are we on our aids that we tend to place more reliance
on them than upon evidence that is directly accessible to the senses. Yet this
was the evidence Mendel used; this was the evidence of Gregg and McBride.
If our illustrious forebcars had fewer tools to work with, they made up for it
with the ebullience of their spceulations and the frank acceptance of contro-
versy and debate as a way of life. Perhaps we shrink too much from simple
differences of opinion.
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Dr. Ebert is critical of our failure to use inbred strains. Whereas this may
be a further refinement for future investigators, 1 don’t see that the use of inbred
strains would have affected our resuits very much or our thinking. We were
examining a species, not a strain characteristic. Indeed, 1 suspect we are exa-
mining a principle which goes far bevond Cricetus auratus and probably applies
widely to the animal kingdom. Certainly, my coworkers and I have observed
chromosomal ancmalies in mice after experimentally caused (alloxan) diabetes
and sheep poisoned by plant alkaloids shortly after fertilization. T can not under-
stand why Dr. Ebert is critical of us for showing that thc hamster makes a better
model for such experiments than rats, mice, rabbils and sheep. Watanabe,
Horii, Nogami, Shidou, Endo, Yamumoto and T have spent ten years in this
work and we have no reticence about extolling the virtues of the golden hamster.

It scems to mc thal we have learncd much that is worthwhile and are going to
learn more.

In the first place, this kind of experimentation puts our hypotheses on a
solid scientific foundation. They are more than speculations. They can be
repeated or confirmed by those who are willing to test the prineiple that there is
an epidemiology of acquired chromosomal mutations and that germinal muta-
tions may have their genesis from natural forces operating during the pre-
implantation stages of life — between ovulation, fertilization and cleavage stages.
These findings also have important clinical application for numerous puz ling
chromosomal abnormalities of a kind well known to pediatricians and to
obstetricians, the polyploidies and aneuploidies described by Professor and Mme.
Boue on December 4th. When the conceplus survives, suche chromosomal
anomalies are usvally accompanied by anatomical stigmas and chromosomal
defects, notably Trisomy D, Trisomy E, Trisomy G, selected monosomies and
aneuploidies of the sex chromosomes — XO Turper’s Syndrome, the XXY
complex and others.

As [ see the significance of these anomalies in the aborted and miscarried
conceptus, they can no longer be unquestionably aceepted as the hallmark of an
inferior genotype. Some may be, but most, I think, are not. My own opinion
is that most of these anomalies are mutations and are usually acquired along the
tortuous way between ovulation, reduction division of the chromosomes, descent
of the oocyte along the oviduct, secondary meiosis, fertilization and implantation.
Today we are sure that there are many opportunities for things to go wrong and
we should begin to place our theories on the anvil of experimentation. This is
why I have placed emphasis on the animal model that T myself wish to use for
my experimentation and on the particular teratogenic and mutagenic agents Lo be
employed. To sum up in the same words I used in my prefatory remarks to
Dr. Yamamoto's paper “We feel sure that a whole system of chromosomal

10
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anomalies has been uncovered that have their origins at one or more of the stages
gritical for normal reproduction”.

Another area where there will surcly be an important impact of this kind
of experimentation is ecology and natural history, in particular a better under-
standing of chromosomal mutations as being a dircct response to naturally
occuring agents, especially heat, cold, hypoxia and critical shifts in the acid
base balance. Progress here assuredly affects cur understanding of cvolution
as having not only its gene components but also having great contributions from
chromosomal changes, These appear likely to me at least to underlie the sudden
evolutionary leaps or “ sauts " as our French hosts will call them, which may
separate one species from another, there being no signs of transitional forms or
that there had ever been such forms,

J. Warkany : [ think your experiments and Dr. Yamamoto’s cxperiments, arc
tryng to show how chromosomal anomalics can come about by well-defined
environmental causes, and that’s what we need. We want to know to why older
women have a greater tendency to trisomy 21. We don't know what the mecha-
nism is and whether it is hypoxia, I believe some endocrine causes will be found
that do cause older women to have anomalous ova and T think your work is
a model that may have no correspondents in real human situations, but that’s
all right. We need such models, and I just want to end with onc question, How
do you prove your chromosomal anomalies in that 9-day old hamster 7 What
tissues do you take for analysis?

M. YamamoTo ; This is what I want to know, as I said before, T cut the embryos
into 10 or 15 pieces, and 1 pick up the small pieces at random and I don’t know
where it came from. But now I can take a specific tissue. We use lactic acid.
No colchicine treatment. A modified method of air drying.

J. WARKANY : You separate the cells by ?

M. YamaMoTo : I disassociate the cells by means of lactic acid.

J. WarkaNY : And then you stain them ?

M. Yamamoro : Yes. By Gicmsa stain.

J. WARKANY : Giemsa stain ? And what is the chromosonc count in these cells 7

M. YamamoTo : In the case of polyploid formation, I could count more than
250 metaphase set from one fetus.
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J. WaRkaNY : So you actually have tissues in which you can see the
chromosomal anomalics in 9-day old hamsters. That’s a great achievement.
We tricd for a long time for methods of chromosomal anomalies in tissues of
embryos and it was very difficult. So T am very happy to hear that you can do
it, and I would like to learn the method.

M. Yamamoro : We tried many methods before we discovered such method,
trypsinisation, mechanical dissociation. Finally I used lactic acid.
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REFLEXIONS SUR LA PROPHYLAXIE DES EMBRYOPATHIES

R. TURPIN
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Les anomalies congénitales figurent parmi les épreuves les plus redouta-
bles. Leurs conséquences sont morales et matérielles.

81, en effet, elles sont source de transcendance, clles risquent fort de
troubler épanouissement familiaf, car Pattention de la famille sc concentre sur
I'enfant déshérité. Les soins qu'il faut lui prodiguer accroissent les charges
matérielles.

Souvent, avee un dévoucment admirable, les parents des enfants inadaptés
participent bénévolement 4 la création ct au contrdle des centres médico-
pédagogiques ot des atelicrs dirigles, indispensables 4 leur traitement.

Loin de se désintéresser de ce probléme démographique, 'Etat, les muni-
cipalités accroissent progressivement leur appui matéricl. Certaines industries
s'intéressent aussi aux possibilités des ateliers dirigés.

Notre éance a pour objet les anomalies congénitales, géniques ou chro-
mosomicues.

Leur étiologie peut étre classée chronologiquement :

1°) En premier licu ligurent les factcurs antérieurs i la procréation. Ce
sont les facteurs progenésiques [1]. Les plus importants sont mutagénes,

A ce propos, il convient de rappeler quil existe un critére révélateur de
mittationy génigues 1étales lides a X, Ce critére n’est autre que les variations du
rapport du nombre des nouveau-nés masculins & la totalité des naissances, c’est-
f-dire la masculinité ou sex-ration [2].

Chez la femme irradiée le géne 16tal lié 4 I'X, <'il est récessif, nc réduit
que le nombre des nouveau-nés masculins, 1l diminue donc la sex-ratio.
Dominant, il agirait de méme sur les deux sexes sans entrainer de différences.
Chez I'homme irradié, le géne 1étal dominant peut seul réduire le nombrc dcs
nouveau-nés féminins. Tl accroit la sex-ratio. Cet effet est indépendant du dclai
irradiation-conception, cc qui laisse entendre que les spermatogonies sont
en cause,
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Ces conséquences de la radiothérapie pelvienne, significatives chez les
femmes, concordent avee celles qui furent observées parmi les populations
exposées aux bombardements atomiques de Nagasaki et Hiroshima. 1l est trés
probable que certains avortements spontanés sans aberrations chromosomiques
sont la conséquence de génes létaux méconnus.

D’autres facteurs progenésiques sont ceux qui préparent les rmutations
chromosomigues.

Les ums, rares, sont déja inscrits dans le patrimoine héréditaire de I'un des
progéniteurs, aberrations de structure compensées et latentes, ou bien aberrations
limitées aux gonades, qui paraissent jusqu'a présent exceptionnelles. Mais le
fait le plus covrant est I'aberration numérique ou structurale qui survient lors
de la gamétogendse masculine ou féminine.

2°) Ln second lieu, ce sont les facteurs contemporains de la fécondation
qu'il nous faut étudier; ce sont des facteurs qu'on peut appeler génétigues,

Quelques observations cytogénétiques laissenl entendre que des anomalics
du délai physiologiques ovulation-fécondation pcuvent entrainer dans Pespéee
Itumaine des accidents zygotiques ou embryonmaires observés de longue date
dans les csplees animales. Le vieillissement de I'ovule ou des spermatozoides
dans les voics gémitales de la femme pourrait provoquer, d’aprés quelques
cxemples, des trisomics ou des triploidies.

Toute irrégularité des cycles menstruels aprés grossesse, avortement ou

usage d’anovulatoires comporterait des risques embryonnaires qu’il serait bien
utile de préciser,

3") Eun troisitme liew, les facteurs métagenédsiques sont les agressions
virales, chimiques, physiques qui atteignent embryon. A cette phase encore
pevvent sutvenir des aberrations chromosomiques. Trés précoce, blastomdé-
rique, un tfrouble de ségrégation peut réaliser un blastomére triplo 21, par
cxemple, qui donnera un caryotype homogéne, l'autre blastomére haplo 21 étant
inviable & ’état homogine, Plus tardif ce trouble donnera un mosaicisme,

4°) Parmi ces facteurs étiologiques, une place doit aussi étre réservée i la
prédisposition héréditaire possible aux aberrations chromosomiques. La géné-
tique fondamentale nous en donne des exemples, en particulier chez la
drosophile.

La pathologie humaine attire parfois I'attention sur Ia coinecidence fami-
liale d’aberrations chromosomiques ou d'aberrations chromosomiques et de
gémellité, ou d’états pathologiques tels que les leucoses, les cardiopathies
congénitales.

Certains stigmates héréditaires dominants, en particulier dermatoglyphiques,
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sont plus fréquents de facon significative chex les parents de trisomiques 21.
L’on est en droit de se demander si unc telle prédisposition n’est pas en cause
lorsqu'apparait dans une famille jusyu’alors indemne d’aberrations chromo-
somiques un trisomique 21 sans quw’on puisse invoguer dge maternel ou une
translocation latente chez un des parents.

Un second probléme fondamental est 1a séméiologie embryonnaire précoce,
celle qui pourrait identifier sans réserve les embryopathics des trois premiers
mois.

1) Les conjonctures familiales qui permettent d'affirmer I'embryopathic
sont exceplionnelles [3].

Embryopathie chromosomique gquand une transiocation latente entre chro-
mosomes homologues du pére ou de la mére, le chromosome 21 d’aprés des
faits connus, ne peut domner que deux types d’embryons pathologiques, 'un
triplo 21, mongolien viable, 'autre haplo 21, homogéne, éliminé par avortement
spontané,

Embryopathic génique quand les procréateurs, sourds mucts ou aveugles,
par excmple, sont I'un ct Tautre des homozygotes récessifs, autosomiques et
concordants.

2) Quant aux signes de prévomption, ils sont nombreux mais ils n'ont
gqu'une valeur trés relative [4]).

Age maternel, fréquences des avortements spontanés des premieres
semuines, métrorrhagies. L’étude précoce et répétée des métabolites urinaires
a fait naitre I'cspoir d’informations sur la vitalité du fetus et la qualité de la
fonction placentaire. Tl n'est donc pas étonnant que dans lcs pays ou I'avorte-
ment sélectif des embryopathies graves et incurables est l1égal, Tes possibitités
de dépistage d’aberrations chromosomiques, d’anomalies biochimigues par
Pamniocentdse aient été utifisées. T1 est 4 souhaiter que cette technique gagne
en innocuité et en précision.

3) Le trés grand intérét scicntifiquc de cette séméiologie embryonnaire,
est de préciser les conséquences d’aberrations de nombre ou de structare
rapportées a4 des chromosomes particuliers.

En cffct, vl cxiste des analogies entre ces souffrances d’embryons qui
commencent sculement 4 se différencier au début du dcuxieéme mois, mois de
'organogenése, la séméiologie anatomique de l'embryon avorté car inviable,
ou anatomo-clinique et biochimique de I'embryon viable, traduit une certaine
spécificité chromosomiguie.

Elle met aussi en valeur des stigmates jugés auparavant comme négligeables,
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tels les troubles dcrmatoglyphiques dont la valeur diagnostique pour la triso-
mie 21 est incontestable,

4) Mais il ne faut pas croire que fe but final du d¢pistage des embryopa-
thies des trois premiers mois West autre que de provoquer un avortement selectif
12 oil la loi I'autorisc.

Développer ses possibilités aurait surtout 'énorme intérét de rassurer les
méres qui, terrifides par la perspective d'un enfant anormal, justifient en raison
de désordres mentaux qui mettent leurs jours en danger, un avortement théra-
peutique. Celui-ci est autorisé en France par la loi, mais il risque bien souvent
de tuer un cmbryon normal, A I'heure actuclle 50 pour cent des avortements
thérapcutiques dans la région parisienne seraient motivés par le danger mental
et non corporel qui peut menacer la vie de certaines fommes cneeintes.

Une derniére remarque s’impose & notre attention. In approfondissant les
causes des avortements spontanés, en révélant que 50 pour 100 d’entrc cux
durant les dix premiéres semaines dc I'embryogenése sont déterminés par des
aberrations chromosomiques, la cytogénétique, Panatomie pathologique, la viro-
logic qui sont au programme de cette séancc ont précisé la valeur de cette
sélection naturelle [5]. Les avortements spontanés ne protégent-ils pas, en cffet,
espéec humaine contre des embryopathies incurables. Et notre devoir n’est-il
pas de respecter cette protection naturelle ?

Une enquéte sur la fréquence des tares congénitales manifestes observées
dans trois maternités parisicnnes de 1941 & 1950 révéla sur 79 844 naissances,
674 nouveaux-nés malformés [6]. La séparation de ce lot en deux groupes,
celui des enfants nés en période de graves troubles socio-économiques de 1941
5 1946, et celui des enfants nés de 1947 & 1950 en période de retour a dos condi-
tions de vie normale, mit en valeur une différence significative entre ccs deux
groupes.

La quantité¢ des anormaux graves pour 1000 dc 1941 a 1946 §'élevait
a 7,38; de 1947 4 1950 a 9,27,

Cette différence de 7,38 pour 1 000 & 9,27 pour 1 000 prend toute sa valeur
si 'on remarque en outre quc la dissemblance pendant ces périodes de lage

moyen des méres et du rang dc naissance moyen de leurs enfants aurait di
contribuer & un résultat inverse :

age moyen pour la période 1941-1946: 26,65 ans;

4ge moycen pour la période 1947-1950: 25,90 ans;

rangs moyens de naissance respectivement de: 2198 et 2 064,

Nous avons donc estimé que cet accroisscment considérable de 25 pour
cent pouvait traduite Pinfluence de I'amélioration dcs conditions de vie et des
soins médicaux sur la tolérance des méres vis-a-vis dwufs pathologiques.
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Un processus analoguc pourrait expliquer que la fréquence des aberrations
gonosomiques décelables par la rccherche du corpuscule chromatinien, notée
parmi les nouveau-nés européens, n'ait pas Cté retrouvée parmi les nouveau-nés
d'un pays économiquement moins favoris¢, Cclte hypothese justifierait une
étude parallele des avortements spontanés,

En conclusion, le fléau congénital par sa gravité et son expansion cst
anjourd’hui le probléme le plus important de la médecine préventive.

En le mettant & l'ordre du jour dc cette réunion de la Fondation 41 de
IInstitut de la Vie, le Professeur Maurice Marois et le Dr McBride ont pris
une initiative dont nous devons leur savoir gré.
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ETUDE DES ABERRATIONS CHROMOSOMIQUES
DES AVORTEMENTS SPONTANEES

Joelle G. BOUE

Cenire international de l'Enfonce, Chiieau de Longchamp
Bois de Bonlogne, 15 - PARIS 16° {France)

Je vais passer en revue les différents thémes qui nous ont retenue dans nos
recherches et il sera possible au moment de la discussion si certains thémes
intéressent plus les uns ou les autres de revenir dessus ct de les discuter plus
a fond.

Les recherches de notre Lahuratoire de Longehamp sont orientées vers
la détection et la prévention des mallormalions congénitales.

Depuis 1a découverie que certaines malformations des enfants, telles que le
mongolisme, sont liées & la présence d’un chromosome en surnombre, il deve-
nait raisonnable de penser qu'un certain nombre d’avortements spontanés pou-
vaient également avoir pour origine unc anomalie chromosomique, d’autant plus
que les études morphologiques ct anatomopatholigiques faites en particulier aux
U.S.A. et au Canada avaient montré que 12 majorité des avortements précoces
étaient dus & une malformation du zygote et que sur la totalité des grossesses
terminées avant terme, 25 pour cent correspondaicnt & un feetus pathelogique.

A la naissance, les malformations liées & une anomalie chromosomique
sont rares, ne représentent que 1 % environ des naissances et ne peuvent pas
étre analysées dans une étude unique. Par contre, I'étude des avortements spon-
tanés permet de rassembler dans une seule et méme cnguéic un grand nombre
d’observations conduisant A des analyses statistiques et ¢pidémiologiques.

-

Nous nous sommes attachss A étudier les avortements du premier tri-
mestre de la grossesse. La limite de trois mois n'est pas arbitraire mais elle est
imposée par les faits; car 80 % des avortements spontanés sc siluent & cette
période et le études morphologiques ont montré que 80 & 90 % des ceufs expulsés
a cc stade sont malformés. Enfin, au-deld de cette limite le corps jaunc maternel
ayant terminé son role de maintien de la grossesse, si I'’ccuf n’a pas acquis une
autonomic hormonale, il cst éliminé.
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L’examen chromosomique de plus d’un millier de specimens nous a donné
une fréquence dc 60 % de caryotypes anormaux. Cette fréquence doit étre
interprétée comme une fréquence minimum car il a certzinement été inclus
involontairement dans cette étude au début en particulicr un certain nombrc
@avortements provoqués. L'examen anatomique des wufs abortifs a révild
que la [réquence des anomalics chromosomiques varie avec le moment oit
Peeul s’est arrété dans son évolution. Plus arrét cst précoce, plus le nombre
d’anomalies est élevé allant de 70 % 2 trois semaincs, 4 65 % vers six scmaines,
el seulement & 20 % dans les spécimens dont Ic développement est de scpt
i douze semaines.

TABLEAD 1

Fréguence des anomalies chromeosontigues en fonciion de la durée
du développement du zygote, (965 observations).

durée du développement en scmaines

2 3 4 5 3] 7 8 g 1Q 11 12
nombre total . -
17 30 186 106 227 37 27 33 0 7 1
caryotypés
pombre 2vec | o | 208 | 1os | e |use [ 17 | 4| s | e | o | 2
anomalics

iréquence 65 % 67% 62% 64% G9% A6% 15% 16 %
— e

.
558/846 17/82
G6b % 20 %

La presque totalité des aberrations chromosomiques sont des anomalies
du nombre des chromosomes correspondant donc A un accident de répartition
des chrontosomes parentaux au moment de 1a fécondation : les parents ont des
formules chromosomiques normales. Dans 3 % des cas seulement, nous avons
trouvé des anomalies de la structure chromosomique transmiscs dans la moitié
des obscrvations par un des parents.

TABLEAU 2
Fréguence des diverses anomalics chromusomiques (663 observations),

anomalles du nombre des chromosomes Nombre fréguence
monosoiies X 101 15,2 %
G i
irisomies 355 334 %
doubles trisomies 11 1,6 %
triploidies 137 20,7 %
tetraploidics 37 5,5 %
anomalies de structure 23 33%
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La mesurc de Fimportance de la {réquence des anomalies chromosomiques
de ces avortemenis doil conduire le gynécologue A peser Iintérét de certains
traitements hormonaux en cours de grossesse, et 4 ne pas intervenir dans cer-
taincs menaces d’avortement qui sont le plus souvent le rejet naturel d’un
cmbryon malformé.

Dans 30 % des observations, 'anomalie trouvée dans Tavoricmenti cst
une anomalie identique aux anomalies décrites 4 la naissance chez des enfants
malformés. A travers I'étude des avortements, il devrait Glre possible de
comprendre pourquoi certaines aberrations conduisent & un avortement preé-
coce et pourquol apparemment la méme anomalie peut aller a terme.

Dans des cas particulicrs, nous avons remarqué que la mort embryonnaire
n’était pas due a des malformations de I'embryon plus importantes que celles
observées & erme, mais que le placenta s’arrétait de croitre et donc d’assurer
sa fonction précocement, conduisant secondairement & la mort de I'embryon.
Les cultures cellulaires faites & partir de ces avortements nous ont monteé paral-
Itlement que les souches cellulaires avec anomalies avaient des divisions cellu-
laires trés ralenties par rapport aux souches avec caryotype normal. Le méme
ralentissement de la croissance du placenta est observé au tout début de la
grossesse, mesuré par des dosages hormonaux répétés, dans les grossesses en
évolution et qui aboutissent & la naissance d'enfants malformés.

Cette surveillance hormonale semble un moyen de déteetion précoce des
anomalics ct devrait permettre de sélectionner les femmes & haut risque chex
lesquelles une ponction de liquide amniotique faite vers trois mois de gros-
scsse, se justifie et permet de s'assurer du caryotype du fuelus,

Dans notre étude des avortements, nous avons cherché i déceler des fac-
teurs pouvant favoriser la formation de ces anomalies chromosomiques. L’avor-
tement se situant trés t6t aprés la fécondation, on peut espérer collecter des
informaltions sur les circonstances de la fécondation. Nous avons en particulier
étudié la qualilé des cycles menstruels @ certaines anomalies surviennent plus
fréquemment chez les femmes ayant des cycles longs avee ovulation tardive,
en particulier les triploidies. Des délais entre l'ovulation ¢t le rapport fécon-
dant sont significativement déterminants, soit vieillissement du spermatozoide
dans les voies génitales de [a femme avant 'ovulation, soit vicillissement intra-
folliculaire de I'ovule ou ovulation normale mais fécondation tardive sur un
ovule émis depuis un temps trop long,

Dans le tableau 3, nous avons rassemblé 139 observations dans lesquelles
nous pouvions connaitre la date de l'ovulation de la femme par une courbe
dc températurc ct connaitre les rapports fécondants. Dans une certain nombre
d'observations, il s'agit Jd’'un rapport uniquc et quand il y a eu plusieurs rap-
ports, nous avons jugé comme rapport fécondant celui qui était le plus prés
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TABLEAU 3

Délai ovulation-rapport fécondant (139 observations).

délai nombre nombre [réquenc
tn jours d’ohservations d’anomalies reduence
& 1 1
-3 3 3
—4 3 2
3 6 6 45450 90 %
-2 16 14
-1 21 19
0 65 43 66 %
+1 B 7
+ 2 2 6
+3 4 3 v
+a 5 5 19/24 79 %
+5 I !
+46 1 a

de la date de l'ovulation. Nous avons été assez surpris de trouver des chiffres
avec des différences significatives parce que méme un vieillissement de 24 heu-
Tes, que ce soit avant ou aprés l'ovulation parait étre déterminant pour les
anomalies chromosomiques, en particulier quand le spermatozoide a vieilli dans
les voies génitales avant la fécondation, le chiffrc des anomalics di 90 % st
significatif. Le vieillissement de 'ovule parait un tout petit peu moins déter-
minant. L'influence de dge maternel ne paraft significative que pour guelques
anomalies, qui sont les mémes que celles qui vont 4 terme : mongolisme et tri-
somiec I, les avutres anomalies survenant chez des femmes qui ont Je¢ méme
dge que des femmes menant A terme des enfants normaux.

TABLEAU 4

causa de arrét délai avant avortements avec anomalies otal

de Fovulation la conception_ ensemlle trisonties polyploidies
grossesse ot - 6 mois 16 64 % i1 44 % 3 12 % 25
accouchement 7-12 mois 2 9% 12 38% 6 19% 32
grosscsse ot U 6 mois 47 68 % 29 42 % 11 17 % 69
avortement 7-12 mois 43 6 % 2 36 % 15 2% e
contraccptif 0- 6 mois 43 68% | 23 36% | 13 20% 63
oral 7-12 mois 18 62 % 1] 38 % 3 10% 29
groupe témoin : 256 62 % 134 2% 78 19 % 413
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Vous voyez cn bas du tableaun le chiffre cn France des femmes (ul mettent
au monde des cnlants normaux et a terme; il est de 27 ans et demi; clest le
chiffre que nous retrouvons pour les monosomies X. Pour les triploidies et les
tétraploidics, elles sont au contraire plus jeunes. Par contre, lcs trisomies dans
Pensemble ont un 4ge moyen plus ¢levé mais la différence n’est réellement nette
que pour les trisomies D et les trisomies G, Les autres trisomies ont une trés
légere augmentation de I'dge malcrnel, mais qui est beaucoup moins nette,

['influence des irradiations du pére ou de la mére, ou des deux est détermi-
hante. Par contre, nous n'avons pas remarqué une influcnce des arréts de Povu-
lation par contraceptifs oraux, par comparaison avee des arréts physiologiques
de ['ovulation par grosscsse — ou avortement sc situant dans année qui précéde
la fécondation de I'eeuf abordif.

Nous avons trouvé une influence significative du tabac, mais inverse, dans
ce sens que les grandes fumeuses qui ne sarritent pas de fumer apres la fécon-
dation ont unc augmentation significalive des avortements avec caryotype
normal. Donc il est vraisemblablement inlcrvenu un facteur externe conduisant
2 une augmentation des avortements avec caryotype normal.

Cette revue rapide des factcurs favorisant les anomalies chromosomiques
quc mous avons reconnus, permct de voir quil parait difficile d'instituer une
prophylaxie & ce niveau. Par contre, il devrait étre plus facile soit de faciliter Ie
rejet qui fonctionne déja 4 99 % dans le cas des anomalics chromosomigues
congues, soit de surveiller plus étroitement les grosscsscs par des dosages hor-
monaux répétés afin de dcfinir le risque.

La survenuc d’un avortement étant beaucoup moins traumatisante pour
la femme que la paissance d’un enfant malformé, les motivations vis-i-vis
des grosscsses ultérieures ne sont pas les mémes. Il nous a été possible de suivre
les événcments obstétricaux dans ce groupe de femmes dont nous avions exu-
ningé un avortement avec caryotype normal ou non : 500 femmes ont été suivies.
Nous avons d'abord jugé leur fécondité : 80 % des femmes de 20 & 25 ans ont
eu une nouvelle grossesse quand le recul est de deux ans aprés I'avortement
examiné et 35 % des femmes de plus de 40 ans.

La fréquence des avortements ultérieurs cst de 25 % dans le groupe ou le
caryotype dc la premiére fausse-couche avee caryotype anormal chez une fermme
jeunc doit conduire A porter un bon pronostic pour les grossesses suivantes.
Nous n’avons trouvé que 10 % d’avortcments, ce qui est moins que des témoins
(15 %).

Les enfants nés aprés un avortement avec anomalie chromosomique étaient
tous normaux. Nous avons pu caryotyper unc trentaine de deuxiémes fausses-
couches, cl nous avons remarqué — et la différence est hautement significativc
— quc lorsque la premiere fausse-couchc u un caryotype normal, Ia deuxiéme
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a également un caryolype normal. Par contre, quand la premiere faussc-vouche
a une anomalie chromosomique, 1a deuxigéme a également une anomalie chromao-
somique : il s’agit, d’ailleurs e plus souvent d’une anomalie différente de la
premiére,

Il s’cn suit d’un point de vue pratique que si unc femme a une anomatie
chromosomique dans un avortement, elie a beaucoup de chances davoir un
enfant ensuitc ¢l que si elle fait une menace d'avertement, il ne faut cer-
tainement pas la traiter car elle a plus de risques que cc soit de nouveau une
anomalie chromosomique.

En conclusion, d'vn point d¢ vuc fondamental, I'étude des avortements
est une étape dans la connaissance des erreurs cellulaires au moment de la
fécondation. Les analyses mathématiques des avortements permettent de
penser — et 14 nous rejoignons les Studes démographiques et gynécologiques —
gu'environ une fécondation sur deux aboutit a4 un zygote non viable, certaines
anomalies étant rejetées avant l'implantation de D'ceuf, d'autres permctiant
Pimplantation mais pas d’embryogencse, d’autres conduisent & des défauts de
I’embryogenese.

Les culturcs cellulaires de produits d’avortements permettent de constituer
des souches cellulaires porteuses de différentes anomalics chromosomiques qu'on
ne voit jamais en dchors des avortements. Ces souches congelés peuvent étre
conservées et sont un instrument de travail dans un grand nombre de domaines :
enzymologiques, généliques, immunologiques.

D’un point de vue pratique, la meilleure connaissance de la fréquence des
anomalics chromosomiques doit conduire 'obstétricien & préserver le rejet
naturcl des cmbryons malformés. L'¢tude clinique et biologique des grossesses
doit permcitre sur des critdres établis & partir de I'étude des avortements de
définir les grossesses présentant un risque de feetus pathologique,



DISCUSSIONS

C. LeEvINTHAL : Can you give any quantitative dafa on the rate at which
trisomies are induced by radiation ?

P. MARKS : What is the evidence that abnormal caryotypes are causally related
to abortions rather than an abnormality induced by as yet unindentified etiolo-
gical factors causing the abortion ?

A. Bout : In many chromosomal aberrations the development of the embryo
stops very early and there is often no embryogenesis at all; these aberrations
are always lethal, But in other cases, especially when chromosomal abcrrations
are identical to the chromosomal aberrations observed at birth, the malformation
of the embryo cannot explain the abortion; delay between the growth of the
placenta and the morphological development of the embryo is observed, for
instance the embryo is about six weeks of development and the placenta is only
of four weeks development. In the same way, in cell-lines established from the
cmbryo with chromosomal aberrations, there is a reduction of the replications
of the ccll population. In thesc chromosomal aberrations, the causes of the
abortions and the causcs of the arrest of the development of the embryo seems to
result from placental causes.

And the second point is why are thcre some women who have the first
time an abortion with chromosomal aberration and the second time again an
abortion with abnormal chromosome ?

1. G. Bouk : Je crois quiil y a d’abord un groupe de femmes qui a des avorte-
ments de causes maternelles; & ce moment-la, le caryotype esl normal; les
causes maternelles sont soit une béance du col, suil unc malformation utérine,
Dans un deuxiéme groupe de femmes, il est impossible de trouver des causes
maternelles par un bon examen gynécologique; chez cc groupe de femmes, ce
sont des malformations zygotiques qui, chaque fois, s¢ reproduisent; ¢’est une
répétition des anomalies chromosomiques, mais le type d’aberrations observé
est différent et semble se faire au hasard.

K. HIRSCIIIORN :

1) Have you been able to confirm the observation of Carr in Canada that
oral contraceptives increase the frequency of polyploidy in spontaneous abor-
tions ?
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2) In the small number of structural chromosomal aberrutions, what has
been your expericnce in subsequent pregnancies ?

J. G. Boug : Je vais répondre a la deuxiéme question pendant qu’on prépare
les projections qui répondent & la premicre. Dans les anomalies dc structure,
nous avons trouvé chez la méme femme qui portait une translocation DD, deux
fois des avortements oil successivement on trouvait une translocation DD ayant
conduit & des trisomies D.

Pour la deuxitme question relative aux contraceptifs oraux, nous avons fait
Ja méme étude que David Carr avait faite au Canada en essayant de savoir ¥'il
y avail une incidence des contraceptifs oraux sur la formation des polypoidics,
¢l nous n'avons trouvé aucunc différence.

Le tableau 1 est le tableau relatif & la fréquence des anomalies aprés
contraceptifs oraux comparée i la fréquence quand il y avait eu, dans I'année
qui précédait la fécondation, un arrét physiologique de T'ovulation soit par
grosscsse, soit par avortement. On voit qu'il n'y a aucunc différence significative
entre un arcét physiologique de 'ovulation et un arrét par contraceptifs oraux
quand l¢ nombre d’observations csi suffisant.

Duns la projection suivante, je vais répondre plus dircctement a la question
de M. Hirschhorn, c'est-d-dire la fréquence des polyploides. Cest toujours la
différence cntre le groupe témoin ct les groupes de femmes qui ont eu un arrit
de l'ovulation par grossesse, avortemeft ou contraceptils oraux et selon les
délais. Nous n'avons vu aucune différence significative dc I'augmentation des
polyploidics sur un assez grand pombre.

A. E. HELLEGERS : T have two questions :

1) In your data postulating sperm ageing as the cause of anomalies, could
you show us a lincar relationship betwecn percentage of anomalics and length
of interval betwecn coitus and temperature rise where the pregnancy does not
end in abortion ?

2) Must one accept that the temperature rise reflccts ovulation imme-
diately, or could there be a variable time interval betwcen ovulation and
température rise ? If the latter could occur, could it then be that poor ova
cause late tcmperature rises ? Thus an aberration ascrihed to a poor sperm
could be duc to a poor ovum, with the long intcrval between coitus and
“qyulation” being an artefact caused by delayed temperature rise ?

A. Bout : To the first question : we haven’t observed a lincar correlation between
ageing of sperm and the percentape of chromosomal aberrations. 1t is surprising
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on these tables that even when the time between the coitus and the ovulation is
one day, the percentage of chromosomal aberrations is 90 per cent.

To the second question, T have no answer.

W. McBRIDE @ In work done in Sydney we have been unable to find a greater
increase in chromosomal abnormalitics in abortuses of women who have taken
oral contraceptives than in a control series.

K. H. DEGENHARDT :

1) What arc the experiences concerning chromosoma! abnormalities in the
casc of habilzal abortions without uterine anomalies of the mother ¢

2) What is the physical status of the embryo in the case of chromosomal
aberrations ?

J. G. BouE : Pour la premiére question qui concerne I'avortement habitucl, je
crois que je vais prendre le point de vue qui est celui de Melvin Kerr, en
Angleterre qui pense que cela n’existe peuot-étre pas, parce qu’il a fait unc
étude trés approfondie pour essayer de retrouver cc qu'on appelle 'avortement
habituel, et il a une suspicion dans 5 % seulement des cas ot jo crois que notre
étude rejoint son étude, ¢’vst vraiment extrémement rare de voir Pavortement
dit habituel.
On n'a pas de réponse pour la deuxiéme question.

T, INGaLLS : Is there an optimum relation of coitus to ovulation for couples
within fertility problems ?

J. G. Boue : La seule recommandation que je fais & une femme qui demande le
meifleur moyen d’aveir un enfant normal, je lui dis qu'elle ne prenne pas sa
température, qu'elle ne note pas les rapports sexuels et qu'elle aille 4 la campagne
avec son mari!

C. LEVINTHAL : I have two questions, onc of which is : is your data compatible
with the hypothesis that all trisomies are equally frequent and that the ones,
one sees, are simply a matter of selection by virtue of abortion.

And secondly, I don’t think I quite understood the discussion as to linearity
with delay, since you were looking at spontanecus abortions and the number
had already reached 90 %, I dontt understand what linearity would mean 7 I
mean the statement is not rationally useful since you are already so high and
it seems to me the question of the percentage is a very important one, but in
a sense it cannot be answered by this data because the numbers are so high to
start with.
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A, Bout : For the first question : the relative percentage of the different triso-
mtes in Carr’s studies, in our’s and in all the other series are very close, But what
does that mean ?

This is what is observed in the material received and which grow in tissuc
culture; one thing which is very interesting is that the trisomy 16 which is
never scen at birth is very, very frequent in chromosomal aberrations; in our
series it is as frequent as the monosomy X,

When we start a cell-line with these embryonic celis, we are absolutely
unable to establish a cell-line; after medium you have, when you nurse your
cells, they stop to grow. That means that with this chromosomal aberration,
these cells are unable to divide many times. And you know one interesting thing
is that there is a good correlation between the in vivo life-time of these
chromoscemal aberrations, in vive from the fertilization and in vitro life-time.

A E. TTeLLeceRs @ I asked my first precisely because I am not sure that a study
starting with an abortion group can lead to conclusions about sperm ageing.
Lf more than one day old sperm were to cause abortion or anomalies I suppose
one must advise 40 years olds to have intercourse every day, which is a tiring
concept. It seems to me one must also have a distribution of coitus-ovulation
intervals, in which the pregnancy did not end in abortion before we can draw
conclusions about the significance of time intervals. The starting point of the
study should therefore be il temperature charts and not just temperature charts
of ahortions. Moreover one musl no expect among temperature takers many
cases of intercourse on the day of temperature rise, since they usually take
their temperatures for purposes of family planning.

A. BoUE: You know, when we ask these questions for every specimen we
receive, we ask the parents to fill a very big questionnaire and this was one of
the many questions we asked. At the beginning, we never supposed that this
would be significative; we were the first surprised to find that these results
which for the statistician’s point of view are significative, and we were the
first surprised because it seems that this mean of a Questionnaire is very
primitive; when you ask to peoplc what was the day of ovulation, what was
the day of intercourse, and thesc arc our results now, today, and I don’t
supposc Lhis is the only study on man. T don’t know of another study on human
beings. We cannot draw very big conclusions — on. that T agree with you — but
these are our results,

W. McBripE : What percentage of women took basal body temperature charts
in the pregnancy which resulted in abortion ?
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A, Bout : About one woman in four of those who had had a specimen studied
had taken their temperature regularly. Tn France, this is very popular, only
because people are catholic and they do contraception with temperature control,

L. WoLPERT : Considering the number of ditferent chremosomal abnormalities
do you cver find malignancies ?

A. Boug : In this study we have established around 60 cell-lings with chromo-
somal aberrations. We have carried about 20 to 30 cell-lines as far as possible
in time, till the time of senescence of these cell-lines and we never observed a
transformation in these cells.

I.G. Bové : Once we found one cell-line from one foetus, the cells of which
were not growing in mono-layers but they were growing in three dimensions.
This was suspected 1o be a malignancy but we were not able to have the
history of the mother.

O. HecHTER : In the case where spontaneous abortion is associated with
dissociation of growth belween the placenla and the embryo, dees this imply
that the embryo influences in some way the placenta (or the corpus lutcum) as
well as the reverse ?

A. Boug : In all thesc spontaneous abortions, the time of gestation is about the
sume in all cases. Tt is thirtecn weeks after the last menstrual period, with the
different types of chromosomal aberrations, this is the time when the maternal
hormonal secretions stop. At the beginning the pregnancy is maintained mainly
by maternal hormopal secretions and then by hormonal secretions from the
zygote; in chromosomal cbservations the zygole stop many weeks before, and
you have an abortion, because there is not any more hormonal secretion.

J. G. BoUE : May 1 put a question to Dr. Winick 7 I have seen that you did not
agree when I spoke about the slow growing cells in placenta. May I ask you
why you did not agree ?

M., WinteK ; Since placenta is a fetal tissue there is no reason to assume that
it changes occur within the placenta leading to a faulty placenla growth and
that if these changes are the same as those in the fetus, that the fetal growth
retardation is secondary to placental insufficiency. Whatever is causing the
retardation may be causing it in afl fetal tissues and the manifestations may
therefore be present in both fetus and placenta,
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V. IngRaM : Did T understand il correctly that one out of every two fertilizations
leads 1o a non-viable embryo, or did I mistake that ? If you said this, T wonder
what is the basis for that statement ?

A. Boui : The basis for that statement is first the work of Herlig in pre-implan-
tation when he found that more than 30 per cent of the ¢ggs which he recovered
in the very first days were abnormal. The sccond point is, for each trisomy
observed, statistically you must have a monosomy. There was a lot of work
done on chromosomal aberrations in spontancous abortions, something around
1300 or 1 400 anomalies are known, there are two or three autosomal mono-
somies described and therc arc around 600 trisomies; then in some groups of
trisomies very few specimens were observed; it is mainly because they stop so
early that you arc unable Lo recover that material. So when you collect all these
data, around one conception out of two is abnormal, The same is found in horses;
there is 48 % fctal loss.

T. Incarrs : The 50 % mortality judging by the experimental animal (hamster)
timing ol coitus is, expectedly, very important in relation to health (karyotype)
of conceptus.

A. BouE : These observations are in small mammals. In these small mammals,
the time of the maturation of the oocyte is very short and comparisons with
human beings are difficult because hormonal control of the ovulation is
different. Tn rabbit, the ovulation is after coitus only; in most of the animals
you have oestrus; in human beings there is a different physiology of the regu-
lation of the ovulation, so the comparison is very difficul.

C. LEVINTHAL :

1) Is your data consistant with the hypothesis that the primary induction
of trisomies is equally frequent for all chromosomes ?

2) Do you know if that all the cells of a fetus have the same (risomy ?

A. Bouli : Yes, cvery time it was possible when we receive those specimens and
when the speeimen is complete, we systematically grow in tissue culture, tissue
from the cmbryo itsclf, tissue from the amniotic membrane, and tissue from
the embryonic chorie, and in each specimen in which we werc able to have the
threc lissucs growing in tissue culture and to caryotype the three tissues. We
always had the same caryotype, in all the cells, We have only two observalions
of mosaicism,
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J. Ererr : To the exicnt that your cstimate of 50 % mortality is based on the
earlier observations of Hertig and others, it may be in error, for cmbryos
recovered a number of years ago were usually obtained [ollowing interventions
of pregnancy for specific medical reasons. One would have cxpected a high
incidence of abnormalities.

K. HIrsCHHORN : 1 would take the opposite view of Dr Ebert. I believe that the
estimate is low. Hirst, we miss all the monosomies which must be as frequent
as the trisomies due to meiotic non-disjunction. These may be resorbed, as
probably is the case in Dr Ingalls’ animals, A recent statistical analysis in
Dr Neel’s department of the University of Michigan has estimated that 75 % of
fertilized ova are lost.

S. BERNETT . The physiology of mating and fertilization in fowls, frogs and
fish is so different from mammals that one cannot draw inferences [rom the
lower forms on the subject at hand. Professor Ingalls has emphasized the
critical nature of the timing of mating as related to ovulation in small mammals,
where the time of ovulation can be ascertained with fair accuracy. But we
cannot assign a time to ovulation in women with the same accuracy. The absence
of a reliable zerc point in time of ovulation makes impossible an exploration of
the guantitative nature of the effect of timing of coitus on fetal chromosome
abnormalitics in humans. In humans, the time of mating is random, with
respect to the time of ovulation. Rence many matings can be expected at times
which arc not optimum for normal development of the fetus. Thus a high
proportion of non-viable fertilizations must be expected. The work of Madame
¢t Monsicur Boué calls atiention to the effective mechanism for elimination of
abnormal embryos in the human. Tt secms to me that it is reasonable to accept
then their hypothesis that half or more of human zygotes are not viable.

R. Turpin : Ces trés inléressantes interventions ne doivent pas nous faire oublier
que nous allons entendre dans un instant A, BOUE, & son tour.

Mais avant de clore cette discussion, je voudrais demander & Madame
Bout si elle peut répondre aux deux questions suivantes : en premier lieu, peut-
elle nous fournir une indication sur la fréguence des aberrations latentes quelle
a pu déceler chez les progénitcurs de ces embryopathies chromosomiques ?
En second lieu, je voudrais savoir si une meilleurc discrimination, du fait
d’'améliorations techniques, lui a permis de trouver des embryons XXY.

J.G. Bout: La premiére question: nous avons trouvé un ccriain nombre
d’anomalies de structure et seulement dans un tiers des observations, nous avons
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pu reconnaitre que 'anomalie de structure était transmise par le pére ou par la
mire. Donc dans les deux tiers de nos anomalies de structure reconnues, les
parents ne portaient pas I'anomalie. L’anomalie trés souvent, d’ailleurs, était
léthale; il y avait un grand morceau de matéricl chromosomique qui avait été
perdu au moment de la méiose.

La deuxitme questiom : alors, au début de cette étude, nous ne faisions
pas de dilférence entre tous les chromosomes C et un certain nombre de nos
spcimens avaient été étiquetés comme des trisomies G. Maintenant, avee la
fluorcscence, les techniques dites de dénaturation, nous sommes capables dans
un certain nombre de cas de changer nos diagnostics et de transformer ce qui
était avant un spécimen femelle avec une trisomie G en un spicimen porteur
d'un complément chromosomique XXY. Malgré tout, le raffincment des techni-
ques ne nous fait pas beaucoup augmenter la fréquence des XXY dans nos
avortements puisque nous n'en avons trouvé, en fait, que trois.



ETUDE VIRALE DES AVORTEMENTS SPONTANES

André BOUE

Centre international de PEnfance, Chdtean de Longchamp
Bois de Boulogne, 75 - Paris 16° (France)

Je voudrais vous parler un peu d’un sujet paralléle qui sont les connais-
sances sur les infections qui atteignent 'embryon et surtout Jes mcthodes de
leur étyde. Clest 3 un médecin australien, Sir Norman Gregg, que lon doit la
notion du réle tératogéne d’un agent infectieux : le virus de la rubéole. Dans
toutes les études sur les anomalics dues a laction d’un agent infectieux sur
Pembryon et dans I'application des mesures préventives, c’est la rubéole qui
nous a servi de modéle. Vingt ans se sont écoulés entre les observations princi-
pales de Gregg et Uisolement du virus, huit ans catre Uisolement du virus et
I'application de la vaccination. Mais si le travail sur la rubéole a été fructueux
ct plein d’espoir, les autres recherches sur les infections de I'embryon ont été
daps Pensemble trés décevantes. Mais, je crois, il semble prématuré de conclure
4 la rarclé de ces infections virales et 'analyse dcs recherches entreprises et
surtoul des causes de leurs échecs peut nous amener # cnvisager d’autres modes
d’approche dc I'étude de ces infections.

La premiére approche, celle de Gregp, a été clinique et épidémiologique :
il s’agissait derattacher A une maladic cliniquement caractéristique chez la
meére une anomalie aussi caractéristique & la naissance de I'enfant, Mais en fait,
les infections virales qui donnent une symptomatologie clinique caractéristique
sont rares : les oreillons, la varicelle, la rougeole... ce sont avant tout des
infections de I’enfant et elles sont rares chez I'adulte. Aucune action tératogine
de ces virus n’a pu étre démontrée. En fait, la plupart des infections virales
sont soit sans symptomatologie, soit avec unc symptomatologie banale ct
commune & de nombreuses infections.

De la méme fagon, les anomalies a la naissance appartiennent aussi trés
souvent A une symptomatologic commune ol le retard mental ct les handicaps
mentaux figurent au premicr plan. Donc ceci montre les difficultés de ces
études basées sur la seule obscrvation clinique et I'épidémiologie.

Une autre voie d’approche a été ’étude réellement virologique ¢’est-a-dire
les cssuis d’isolement du virus 3 la naissance chez les enfants malformés. Ces
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études donl lc modéle a encore été la rubéole ont C1¢ fructueuses, en ce sens
que par excmple, clles ont permis de rattacher au virus de la rubéole certains
syndromes # la naissance gu'on n’avait pas, mémc par la bonne clinique,
rattachés 4 la rubéole, par exemple le purpura thrombopénique; avant la grande
épidémie américaine de 1963-1964 et les examens virologiques, on ne supposait
pas qu'il pouvait étre dit 4 la rubéole.

Ces recherches virologiques ont ouvert un grand chapitre qui est cclui des
malformations dues au cytomégalo virus. Mais jusqu’ici toutes les autres recher-
ches entreprises A la naissance ont été négatives.

Du [lail, comme vous venez de le voir, de notre grand intérét pour les
avortements spontanés, de cet immense matériel que nous avons récolté, nous
avons entrepris des études virologiques sur ces avortcments spontanés pensant
que des infections virales qui atteignent 'embryon seraient responsables aussi
d’avortements. Cetic recherche a été décevante. Lvidemment, nous avons isolé
le virus de la rubdole, cc qui confirmait les études épidémiologiques qui avaient
été faites; nous avons isolé — et ¢’était un fait nouvean — le virus dc Pherpeés
type 2. Cette obscrvation est intéressante parce quelle vieot confirmer les
éudes qui sont faites actucllement sur I’herpés génital, et déja, Nahmias a Atlanta
avait remarqué que les femmes qui ont un herpés génital ont beaucoup plus
d’avortements que des groupes témoins. D'autre part, on a maintenant un petit
nombre d’observations de malformations & la naissance qui ont pu étre rappor-
tées 4 un herpds de type 2.

Mais surtout, eu fait, notre travail sur les avortements spontanés et sur
les recherches virologiques dans les avortements spontanés nous a permis de
comprendre les limites e cctte recherche, Dans tous les avortemcnts spontanés
o la cause de I'avortement n'est pas une cause maternelle, mais qui est due a
une anomalie du développement du zygote — qu'elle qu'en soit la cause — le
délai de rétention in wutern, cst Lrés long, vous I'avez vu, pour lcs anomalies
chromosomiques; ¢’est le méme pour toutes les autres causes d’origine cmbryon-
naire, c'est un délai qui est en moycnne de 7 semaines.

Done, au moment de l'expulsion, au moment ol on regoit le produit
d'avortement, lu plupart des tissus sont morts. Il n’y u plus de cellules vivantes ct
vous savez qu'un virus sans cellules vivantes lui ausst cst mort et que méme il
y avait un virus, il n'a pas pu survivte jusquau moment de 'expulsion, ce qui
explique la négativité de la plupart des études sur les avoriements.

Ceci est, d’ailleurs, confirmé par les ¢tudes sur les mammiféres domestiques.
Ces dernigres années, on a remarqué que des morts foetales chez les mammiferes
domestiques ont été aussi rapportées a des infections virales dues a des virus da
groupe de "herpds : c’est la rhino-pneumonie du cheval, la rhinothrachéite des
bovidés, la maladic d’Aujezky du porc et dans tous les cas, I'état de maccration
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des foetus de ces animaux, au moment de l'expulsion est telle que ni les
recherches virologiques, ni méme wn examen anatomo-pathologique n'cst possi-
ble et que le diagnostic ne peut pas étre fait. Et cela n'est pas purce que chez
les anmimaux, on peut faire des études expérimentales et inoculer des virus,
qu'en a pu reproduire toutes ces maladies abortives. Donc la, nous avons un
groupe de virus, le groupe du virus dherpés qui, je pense, mérite d'étre
beaucoup étudié chez 'homme, et en particulier herpés génital,

Devant les échecs de toutes ces €tudes virologiques, unc auntre voic d'appro-
che a ¢t¢ I'étude sérologique. On a fait des études systématiques ¢normes gui ont
collté des masses d’argent, en suivant des dizaines, des centaines de millicrs de
femmes pendant leur grossesse. Le résultat de cette étude a ¢té pratiquement
voisin de zéro,

Et, en fait, elle se heurte A beaucoup de critiques ; d’abord, le choix des
antigénes qu'on a utilisés pour rechercher les anticorps est, par définition, arbi-
traire et ne peut étre que limité parce que bien guon ait beaucoup d’argent, il
y a toujours des limites; on a donc pu manquer des types d’anticorps qui auraient
été importants.

Deuxiemement, le premier prélévement de sérum qui est fait est toujours
fait la premiére fois que la femme vient consulter pour une grossesse, ¢’est-a-dire
vers 2 mois et demi, 3 mois, et vous savez bien quia ce moment-13 tout est
joué: les infections les plus graves sont les infections des toutes premiéres
semaines et donc ce premier prélévement de sérum est insuffisant et ne peut
pas permettre de déceler les infections du premier trimestre.

Troisiemement, le critére qui est Tetenu Je plus souvent est le criltre de
I'ascension du taux des anticorps entre justement ce premier prélévement et un
deuxiéme prélévement. Or maintenant nous savons que c'est un mauvais
critére. En fait, avec les techniques sérologiques classiques, on ne peut affirmer
une infection virale que lorsque dans le premier prélévement il y a absence
d’anticorps et dans le deuxiéme prélévement, il y a présence d’anticorps. Lors-
qu’on voit unte ascension des anticorps il est impossible de dire si cette ascension
est due A une infection primaire ou & une réinfection, a Veffet de rappel d’'une
réinfection. Et 13 encore, ce sont les études qui viennent d’étre faites sur la
rubéole qui nous éclairent.

Dc méme que pour la rougeole, oo croyait que cette immunité était parfaite
el solide, or nous savons maintenant quil y a énormément de réinfections. Ces
réinfections se traduvisent par une montée des anticorps et nous avons bhicn pu
le voir chez les femmes enceintes. Or maintenant, nous disposons de triés bonnes
techniques.

Dans toutes ces infections virales, nous savons que lors de linfection
primaire, les anticorps spécifiques apparaissent d’abord dans la fraction 1g M,
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les fractions lourdes des globulines, puis aprés dans les fractions Ig G. Au
cours des réinfections, il n'y a jumais apparition d’anticorps dans la fraction
Iz M, la montée des anticorps est sculcment dans la fraction Ig G. Et déja dans
la rubéole, nous avons pu montrer trés clairement que chez les femmes qui en
début de grossesse avaient une ascension d’anticorps, quand cette ascension
d’anticorps ¢lait seulement dans la fraction Tg G, il n'y avait d’abord jamais
de virémie et les enfants ne sont jamais atteints par le virus.

Ce qui fait quc nous disposons maintenant de techniques qui nous permet-
tent, sur un seul échantillon de sérum de faire le diagnostic d’une infection
récente. Une des plus belles applications de cette technique st faite dans un
autre ordre de maladies infecticuses, dans la toxoplasmose qui cst aussi un autre
probléme d’atteinte de I'embryon, cette fois par un parasite,

Les méthodes de¢ Remington & Palo Alto et les mcthodes de Desmonts
en France, par la recherche systématique des anticorps antixoplasmose dans
la fraction Ig M, recherche qui est faite par fluorescence, peuvent en examens
systématiques — cL cela est fait dans de nombreuses maternités a Paris
maintenant — déceler les infections précoces par le toxoplasme et le déceler
sur le premice prélévement de sang, et 1a c'cst trés important, permettent unc
thérapeulique immédiate, Car on estime qu'il y a un délai entre linfection de
la mére et Tatteinte de l'embryon, délai qui est le passage & l'embryon, qui
i n'est pas par voie sanguine mais qui est par passage trasplacentaire. Bt
actucllement, ces techniques-1a permettent le traitement systématique de ces
fcmmes, gui donc représente un traitement préventif de latteinte de Tembryon.
Dans ce domaine des malformations congénitales, ¢’est la premicre fois qu'on a
une attitude thérapeutique préventive grice a un dépistage rapide de l'infection,
grice A ces dosages dans les Tg M. Donc voila, & mon avis, une voie d’avenir
qui s'ouvre et qu'il va falloir approfondir pour de nombreuses maladies virales.

Enfin dans un domaine plus fondamental, les études sur les cellules em-
bryonnaires humaines ont apporté des renseignements trés importants sur les
infections virales tératogénes.

La premiére notion, vous le savez, a été la notion d’infection chronique
qu'on a rcirouvée pour la rubéale, qu'on retrouve pour les cytomégalovirus,
puisque Penfant infecté tot dans la grossesse excréte encore le virus a sa naissance
dans les semaincs, les mois, voire les années aprés sa naissance,

Une autre notion a été aussi grice au systéme cellulaire embryonnaire
humain la démonstration de action du virus de la rubéoele sur la division ccllu-
laire, qui montre que selon le type de ccllule, le tissu auquel elles appartienncnt,
sclon leur état de différenciation, le virus peut inhiber sélectivement la division
celiulaire ou catrainer seulement un ralentisscment de la croissance de la
population ccllulaire qui explique ainsi le petit poids de naissance des enfants.
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Nous avons donc dans ce domaine des voies qui s’ouvrent. Je crois que
I'impression que nous avions il y a encore peu de temps sur le coté décevant
du travail de la recherche des infections virales se trouve modifi¢e maintenant,
grice en particulier aux techniques basées sur la sérologic duns les fractions

de glebulines; ce chapitre est donc loin d’étre clos, et au contraire s’ouvre et
je crois gue C’est une voie absolument prometteuse pour ’avenir.
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K. H. DEGENHARDT : 1 have a comment and a question :

What are the experiences in France concerning the rate of pregnant women
without antibodies against rubella, cytomegalia or mumps virus; what are the
conversion rates, i.c. no antibodies in the first trimester, but antibodics on the
Igm level in the sccond trimester as a proof of early virus infection.

From our prospective study we have some preliminary data on this, which
werc gained by Professor Haas in Freiburg. They are as follows : it seems to be
that early virus infections in pregnancy are very harmful in the case of virus
infection epidemies, but less in the case of single virus infections concerning the
embryo.

A. Bout : 1 don’t have any cxperience of that but the resolt from the United
States of the congenital rubella syndromes after the epidemic of 63-64 and now
in the cases observed in the last years, were not very different regarding the
frequency of congenital malformations. One of the problems is, there are now
very few cases of congenital rubclla, because we have serological diagnosis and
most of the cases are aborted and the only thing 1 know is thal when you have
a true primary infection, with rubclla virus in the beginning of the first trimester
of pregnancy, and when you do virus isolation in the embryo, in 91 %, virus is
recovered from the embryo. It seems now that congenital malformations caused
by cytomegalovirus are numericaily morc important than thosc caused by
rubella virus, but the problem is that in all the infections with cytomegalovirus,
it seems that important congenital malformations are seen at birth in only few
cases and we have Lo follow these children a long time to detect all the symptoms.
This is the same with toxoplasmoses, you have to follow the child at Jeast ten
years to see the whole problem of the malformations from this infection.

J. Eperr: Did T understand correctly thut you have specolated that rubella
virus affects the rate of cell division ? Do you mean to imply a slowing (stretch-
ing out) of the ccll cycle, or merely, that as a comsequence of ccll death or
severe cellular anomalies, a number of cclls are removed from the dividing
population ?

A. Bout : That is not cxactly what we observed. You know that one of the
main symptoms of the rubella syndrome is the low birth weight. We have done
in vitro studies on human fibroblastic cell-lines, in the cell-lines initiated from
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lung or from kidney and inoculated with rubella virus, a complete inhibition of
cell division is obscrved and it is impossible to propagate the cells.

When the same experiment is done with ccll-lines established from muscle
and skin, it is possible to carry this cell-line chromically infected with rubella
virus, and a high percentage of chromosomal breaks js observed. That does not
mean that rubclla virus induces chromosomal aberrations; a chromosomal break
in one mitosis means that the daughter cells will not divide again. So in each
replication of the cell population, a percentage of cells are unable to divide again,
and this results in a slower increase of the cell population. Very recently in
Nashville, Tennesscc, there was a paper with the same model, inoculating not
a virus but a drug — salicylate — the inhibition of the cell division is high in
the kidney cells, in the lung cells, and there is no inhibition of the cell division
when the cell-line is established from muscle or from skin. So there is a correla-
tion belween the cell differentiation and the sensitivity of the cclls to an effect
like a virus or like a drug.

J. EBERT: But all of these cells are fibroblastic in appearance ?
A. BOUL : Yes, except kidney cells.

J. EBERT : They arc not producing product of origin; there are no muscle
proteins produced in the muscle cell-line, am T correct ? These are fibroblastic
cells ?

A. BougE: Yes.

M. Winick : Data in Rubella using manometric measurements indicate that the
fetal organs contain a reduced number of cells and that the average size of the
individual cell is also reduccd.

K. HirscHHORN : Since the human fetus is apparently immunocompetent in
later pregnancy, do we have two rubclla syndromes :

1) infection in the first trimester with congenital anomalies and persistent
vircmia,

2) Later infection resulting in an autoimmune — like syndrome.

R. Goop : The immunological cvents relating to rubellz infection of the fetus
are cxtremely complex. I could not at this juncturc divide the influences of
infection into those which occur early and those which occur late. In contra-
diction to earlier predictions of Burnett and others that early exposure to
viruses or early infection tolerance has not been obscrved to any viruses of
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which T am aware, indeed even fetuses infected very early with rubella virus
will produce antibodies against the virus. When the rubelta virus infections are
persistent these antibodies are selectively Ty M and very little or no Ige G
antibodies are produced. Indeed in such infected fetuses and those in which
infection persists into the neo-natal period, 1gG immunoglobulin may be
significantly inhibited and the children may have a immuno-electrophoretic
pattern that would be interpreted as dysgammaglobulinaemia is frequent. With
cessation of the infection and diminution of virus secretion one sees a rcturn
of the immune response to normal. I cannot conceive however, that the host
forming antibodies and the virus being produced and entering the blood strcam
would not result in some degree of immunc assault on the babies tissues as is
observed drammatically with other know forms of persistent virus infections.
Such assanlt might be if you will related to a kind of pseudo-autoimmune
process.

C. LEVINTIAL : Docs your data distinguish between the hypothesis that the
increase in trisomy — 21 with age of mother is due :

1} to increase in number of trisomies at conception, or

2) to an increase of the percent of the trisomies which reach full term.
A. BouE : Until recently, it was very difficult 1o distinguish between 21 from 22;
but now with the new technique of fluorescence, it is easy to differentiate the
chromosome 2[ from the chromosome 22. Celi-lincs were established from
some of the embryos frozen and stored in nitrogen liquide. They were analyzed
again with fluorescence and more trisomy 21’s than trisomy 22s were found.
In all the recent specimens we received in the laboratory in which we systemati-
cally do fluorescence to differentiate 21 and 22, we have a great number of
trisomy 21.

When you do the curve of the frequency of the trisomy by maternal age,
you have a curve like this one (drawing at the board). This curve is the same for
trisomy at birth. This curve is bimodal with a peak at 27 and a peak at around
40 which can givc two curves. The curve with the peak at 27 is exactly the
curve of the normal births regarding the age of the mother. But this curve is
also the curve of monosomy X, and the curve of the triploid specimens. For the
trisomic conceptuses there arc two curves : on which is not related to the age
of the mother, and one which is dependent on the age of the mother in which
there are mainly trisomy D and G.

J. G. BouE : And now it seems that for onc trisomy G 21 coming at birth there
are arourd five abortions with exactly the same trisomy 21.

R. Goop : It is of special interest in this regard that when the rubella virus or
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the closely related Newcastle disease virus infect human lymphocytes, these
agents can intcrfere in a dramatic way with the blast transformation induced by
PHA or other mitogens allogeneic cells, or antigens to which host has been
exposed. These findings indicate that, further, rubella virus has the potentialily
to perturbe in 4 most significant way the immunologic functions of developing
child. Perhaps the most extreme of such influence is the production of agamma-
globulinaemia as one of the developmental consequences of this kind of virus
infection.

To understand the Haas data which Dr Degenhardt mentioned, T would be
most interested in knowing whether the evidence of conversion to Rubella,
inclusion body virus and mumps virus reflected Ig M or Ig G antibodies or both.
R. TurPIN : Personne d’autre nc demande la parole ? Avant de donner la parole
4 Monsieur Hirshhorn, j'ai l¢ plaisir de saluer la présence parmi nous de
Madame Farcat et de Madame lec Docteur Lefevre-Paul représentant, la pre-
miere, Monsieur le Ministre de la Santé Publique Monsieur Boulin et Madame
Lefévre Paul, Mademoiselle Dienesch, Scerétaire d’Btat.
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Some of the first successful attempls at amniocentesis were for the purpose
of prenatal diagnosis of sex. This was shown to be possible by Sachs’ group
in Israel in the early 1950’s, and was uscd for genetic purposes by Fuchs in
Denmark a few years later. Fuchs performed the procedure on pregnant women
at risk for having a boy affected with a scx-linked genetic disease, such as
hemophilia or muscular dystrophy, and aborted all males.

At that time, amniocentesis was performed transvaginally, resulting in a
number of infections. With the large experience, in the 1960's, in transabdomi-
nal amniocentesis Jate in pregnancy for the monitoring of cases of Rh incom-
pability, this approach has now become standard for prenatal genetic diagnosis
between the twelfth and eighteenth post-menstrual week.

From 5 to 20 ml of fluid is removed through a spina! necdle, inserted
under sterile precautions with trochar in place and without local anesthesia.
The cells are separated by centrifugation, and the cell-free {luid may be used
for certain biochemical studies, as is done in Rh monitoring. At our present
state of ignorance as to the exact source and composition of the fluid, it is best
to rely on the cells for definitive genctic studies.

Some studics arc possible on the fresh cells without growing these in tissue
culture. The recent discovery that a large segment of the long arm of the ¥
chromosome fluoresces brightly when stained with quinacrine, has made it
possible to detect the presence of the Y chromosome in cells from males. Even
here, however, there is some risk of error due to the presence in the population
of short Y chromosomes which do not fluoresce, but which are not associated
with disease. We, therefore, strongly suggest that sex diagnosis be based on
actual chromosome analysis of cultured cells. It has been shown that a number
of enzymes rclevant for genetic disease can be detected in unculturcd cells, Untit
now, however, very few of these have beecn shown to be practical measures for
specific diseases,

It is, therefore obvious that the method of choice for prenatal diagnosis is
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dependent on the ability of the cells from amniotic fluid to grow in tissue
culture. Initially one sees cells of varying morphology. Within a day these settle
to the surface of the culture vessel, and within a week a monolayer of fibroblasts
can be seen. Soon thereafter, the cells can be harvested and split for further
growth. At the next harvest, one of the bottles can be treated for chromosome
studies or for biochemical analysis. Many more enzymes can be detected in
culturcd cells than in vncultured ones, New assays are added almost every week.
The number of enzymes deteclable in cultured skin fibroblasts is even greater,
and it is likely that most of these will be detectable in amniotic fluid cell cultures.
Several inborn errors of metabolism have already been diagnosed in wrero by
these methods, and the affected foetuses have been aborted.

The carlier finding thut the diagnosis of Pompe’s discase can be made from
the amniotic fluid has now been shown not to be possible and this is once of the
big dangers in the biochemical studies of prenatal diagnoses. The glucosidase
that is found in the amniotic fluid, as has been recently shown by Nadler, turns
out not to be the same glucosidase which is deficient in Pompe’s disease. In
other words, one must always be certain that one is not dealing with a isozyme
of the particular enzyme deficient in a particular disease. Another error, as is
now clear, deals with the previous of cystic fibrosis and Marfan’s syndrome by
means of metachromatic granules in the cultured cells from the pregnancy. This
is first of all a highly non specific finding, now having been demonstrated in
some 25 different discases, and secondly even in cases of cystic fibrosis where
metachromasia is found in the fibroblasts of affected individuals, it can be
absent in the amniotic fluid cells,

The other diagnoses that have been made have been confirmed on the
tissues of the abortuses.

Because of the high frequency of chromosome defects, and because of the
relative ease of the technique of chromosome analysis, most of the cases studicd
have been in the field of cytogenetics. The vast majority of these studics have
been for the diagnosis of Down's syndrome or mongolism, associated with
trisomy of chromosome number 21. Mothers over 40 are at increasingly high
risk for having such children, and younger mothers who have borne a child
with trisomy 21 also have an increased risk of recurrence. Even greater is the
risk of recurrence in a mother who has borne a mongoloid child carrying a
centric fusion type of translocation, as, for example, between a 21 and a 15
chromosome.

This is of course only true if one of the parents particularly the mother,
carries the translocation in a balanced state. Such translocations are initially
the result of two breaks on opposite sides of the centromeres of the two relevant
chromosomes. When the broken ends join, a translocation chromosome is form-
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cd. The smaller product is vsually fost. At meiosis, the translocation chromosome
pairs with the two homologous normal chromosomes. First meiotic division can
then result in a variety of gametes, the most important of which are respectively
normal, balanced, carrying the translocation chromosome, and unbalanced,
carrying the translocation chromosome and one of the two normal ones. The
zygotes produced after fertilization will be, respectively normal, clinically normal
translocation carriers at high risk for abnormal offspring, and trisomies with
the exira chromoesome attached.

Actual results have shown that the risk in carricr mothers is about one in
three of having an affected chiid, and the same for producing a carrier like
herself. This risk of recurrence is higher than that previously estimated from
retrospective studies, and has been confirmed in additional familics. These data
represent a collection of about six months ago from four laboratories in the
U.S.A,, those of Dr. Nadler, Dr Valenti, Dr Jacobson and ours.

A high risk must also be expected in cases of reciprocal translocations,
found in a number of families with children with congenital anomalics or multiple
spontaneous abortions. These result from breaks in two chromosomes and
reciprocal translocation of the fragments in one of the ancestors. During meiosis
the two transiocation chromosomes pair with the two normal homologucs, and
first meiotic division results again in normal, balanced and unbalanced gametes,
which, after fertilization, will produce zygotes which are normal, clinically
normal balanced translocation carriers at high risk for abnormal offspring, and
unbalanced offspring with duplication of some chromosomal material und
deficiency of other parts, resulting in either foetal death or a liveborn with
anomalies. It is obvious that such families will greatly benefit from prenatal
chromoseme studies.

In the combined experience of six lahoratories in the United States, as
of the beginning of 1971, the vast majority of indications for ammiocentesis
have been for chromosome analysis. Of thesc, the two largest groups have been
mothers over 40 and mothers who have previously given birth to a child with
trisomy 21. A smaller number werc translocation carriers and another small
group had other indications for chromosome analysis, such as radiation expo-
sure. A moderate number of pregnancies were monitored for diagnosis of sex,
becausc the mother was at 25 % risk for having a boy with a sex-linked
disorder. The remainder were studied for a variety of inborn errors of
metabolism,

The results of these cases show the high risk in translocation carriers about
Lin 3, a higher than expected risk of mongolism in children of older mothers,
that is, about 4 %, and also a higher risk than previously calculated for
recurrence of mongolism in younger mothcrs who have produced a child with
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trisomy 21, that is about 3 % . The other results fit the expectations reasonably
well.

As you can scc much has already been achicved in the field of antepartum
diagnosis of genetic defects.

I think that some words should be said about the problems that remain.
First and much talked aboul, is the ethical probiem. I will leave that simply
by stating this is something for the physician and the parents to work out.

The second deals with the question of risks. In approximately one thousand
cases now siodied in the United States, there has been no case of maternal
mortality duc to this procedure. So the risk to the mother is smaller than one
in a thousand. In terms of the foetus, one can conceive of three types of risks :
first, death of the foetus by abortion. In approximately 700 cases sufficiently
studied for this purpose, there have been 3 abortions found, 2 or these however,
occurred longer than two months after the procedure and it is doubtful whether
these were rclated to the procedure. The third occurred approximately two
weeks afier the procedure and one does not know. The rate of spontaneous
abortion in thc second and third trimester cxpected in 700 pregnancies is
certainly no lower than this.

The second problem would be congenital malformations or injuries to the
foetus. One would not really expect congenital malformations because the
organs of the foctus are already formed at this particular time. Injury to the
foetus has not been vbserved in the over 600 children that have been delivered
following this procedure.

Now comes the question of long-term risk to the foctus. It has been
suggested by some that the removal of amniotic fluid may result in temporary
hypoxia to the foetus and this could conceivably cause brain damage. There
is now a study under way in the United States to attempt onc and two year
follow-up of children born following mid-trimester amniocentesis and some
control chlidren in order to cvaluate this possible but to mc somewhat unlikely
risk.

The third question deals with what can be done with this gold mine of
information, the amniotic fluid. Our ignorance in this field is enormous. We still
do not know at any particular time of pregnancy what comes from the foetus
and what comes from the mother with the exception of very few components
and even those have not hcen thoroughly studied. For example, we have
recently found, together with Dr Ainbender at Mount Sinai that in mid-trimester,
we can find maternal Iz A and Tg M antipolio antibodies in the amniotic fluid.
This, of course, might play a large role in protection against viruses that enter
by means of the gastro-intestinal track as opposed to Ig G which enters the
foetal blood.
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The question of using amnjotic fluid for genetic diagnosis is beginning to be
approached but certainly is nowhere near a practical end.

The next problem is that each biochemical diagnosis needs a major research
study in order to find cut what the normal values are for the cnzymes, whethier
it is the same cnzyme as one is interested in or a different isozyme and a whole
variety of other problems. We need to increase the number of diagnoses we can
make, we need to worry about the problem of what can we do to diagnose
those inhorn crrors, in which the normal enzyme cannot be detected in amniotic
fiuid cells. One possible approach that is now being worked on, is the possibility
of induction of enzymes in tissuc culture cells by a variety of techniques. Some
help can be gotten perhaps from thorough genetic linkage analysis for the
diagnosis of dominant diseases, and this is already possible in appropriate fa-
milies with myotonic dystrophy since this gene is closely linked to the secretor
gene for ABOQ blood groups, which can be detected in the amniotic material.

The next question is visualization of the foetus. We can now see some parts
of the foetus by ultrascund; we can define quite closely certain external features
of the foetus by foetography, by injecting a lipid soluble dye into the amniotic
fluid at about 19 to 20 weeks of pregnancy which goes into the lipid material
which coats the skin of the foetus, and then by an X-ray demonstrate the head,
the back, the genitals and the extremitics of the foetus quite well, so that diag-
noses of anencephaly, meningomyclocele and a few others have already made by
this technique. Scrimgeour in Edinburgh has recently perfected a fostoscope
with which he has now examined four pregnancies at high risk for congenital
malformations of which three were found to be normal and two have then gonc
on to normal delivery. So there is great hope for direct visualization.

When one visualizes the [wlus, one can beautifully see in Serimgeour’s
pictures the placental vesscls and the foetal vessels, so the possibility of blood
samples from the foestus becomces real for the diagnosis perhaps of certain
other diseases. In fact, Arthur Silverstein at Johns Hopkins has succceded
with lambs and with monkeys to partially externalize a foetus for the purpose
of blood sampling and, of coursc, as the most exciting prospect, for the potential
purpose of therapy of a varicty of disorders. It is this last situation, of course,
that is our eventual aim as physicians. If we can diagnose diseases carly in
uterine life and if we can conceive of a therapy, this may avoid the final ethical
issue of abortion and the final cthical issue of the true role of the physician.

I believe that it is safe to predict that, in the most too distant {uture, the
great majority of pregnancics at risk for genetic or congenital discasc will be
amenable to prenatal monitoring. This should result in a marked reducting of the
number of tragic events leading to incalculable emotional, social and cconomic
cost,
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The collection of unselected spontancous abortions scems Lo be appropriate
to elucidate the etiopathogenesis of intrautcrine mortality. This communication is
a first preliminary report on obsecrvations, which were made in a series of
spontaneous abortions. They occurred in a prospective longitudinal investigation,
which was initiated in the year 1963 by a committec of the German research
foundation. The aim of the whole projuet was Lo intensify research about the
etiology of congenital malformations and further on to elucidate the causes of
prenatal losses, perinalal mortality and morbidity. Gravidas were registered as
early as possible in the first trimester of pregnancy. Up to October 1971 there
were 1.181 abortions documented. This means a rate of 9.3 % abortions related
to 12.698 gravidas. Approximalcly 20 % of all spontaneous abortions gave
materials, which could be sent to the 10 collaborating eytogeneticists. However,
experiences were madc, that only 50-60 % of these abortion materiats could be
successfully cultured for chromosomal analysis. Qur observations concern 127
spontaneous abortions cytogenctically defined.

TABLE 1
Spantaneons abortions.

time of abortion Karyotype
. total
(weeks pm.) normal abnornal
<13 28 (56 %) 22 (44 %) (%) S0 (39 %)
> 13 64 (83 %) 13 (17 %) (%) T7 (61 %)
total 92 (72 %) 35 (28 %) 127 (100 %)

(*) Significance 0.1 .

{(*) Vortrag a.d. Fourth Tnternational Congress of ITuman Genetics, Paris 6. 11.9.1971.
und a.d. Symposium 1'Institut de Ia Vie, Chéteau de la Verriére, 2. 4.12.1971,
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Table 1 presents a summary of the rates of chromosomal anomalics in 50
early abortions and 77 late abortions. The end of 13 weeks after the last
menstrual period was the limit for this subdivision. There is a remarkable
difference between the rate of chromosomal anomalics between the two groups
of early and late abortions. The relative high rate of chromosomal anomalies in
early abortions might be considered as a minimum rate. The sex Tatio (%) in
early abortions with a normal karyotype was 4 : 24 males : [emaules; this rate
differs from all other groups. We suppose, that at least in some cases maternal

TABLE 2

Sex ratin in spontanecous abortions.

Karyolype Carly AB, Ezle AB, T
n n
Normal g 24 40
d 4 24 92
? 16 6 .
d [ 7 ¥
50 77 127
TABLE 3

Spontaneous abortions; chromasaomal absrrations.

Types n %
45 X 8 229
TnSUlleA --_‘&_“__2____ ----- 5_'?___-
(2) (1)
{3 (1
B - -
C 2 57
D 3 8.6
E 7 20.0
i16) (6)
{17-18) {1)
F - .
G 6 i7.1
Double Trisamy 2 5.7
Triploidy 2 T _5_7 T
[ 7 others R 86 |
Total 35 100.0

(*) Table 2.
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fissucs may have been cultured. This might lead to an underreport of chromo-
somal aberrations in early abortions, The different types of chromosomal
aberrations are summarized in table 3. Trisomies are seen most with a frequency
of 62,8 % of the 35 chromosomal anomalies. The differences in the rates of
chromosomal anomalies between early and late abortions are effected by the
{requencies of trisomies, which are 4 times higher in early abortions, Two cascs
of double trisomies were seen, ie. 48, XXA2+, C+ and 48, X, C*, El6™.
The larger the chromosome involved, the less it is encountered in trisomic
form. This observation of many cyiogcneticists may be corroborated here and
also the notable exception in group F chromosomes.

%O monosomies account for 22.9 %; this is in the expected rate. There
seems to be an underreporied rate of triploidies. In one of two cuses a diploid/
triploid 5: 95 mosaicism was found with the aberrant cell Iinc 69, XXY.
This abortion ocurred 19 weeks after the last menstrual period. This type of
mosaicism is relatively rare among abortuses. In this cases only cgg membranes
and placental villi had been reccived for histological analysis. The other case
was a pure triploidy with 69, XXY. This abortion ocurred 14 weeks after the
last menstrual period. A rupturcd sac with a cord present but no embryo was
sent for histological analysis. The term “Others” in the table means structural
aberrations, i.e. 2 times prolonged arms of one chromosomc 16,1 mosaicism
with a D/G translocation cell linc.

We raised the guestion : “What may be the importance of sell-sclection in
this series of 127 spontaneous abortion ?” Our test on this subject may be
encouraging. Table 4 demonstrates the distribution of the 127 abortions with
regard to the weeks of pregmancics, when they occurred. Abortuses with
chromosomal aberrations are easily tccognizable. There is a clecar peak of
frequency between 12 and 14 weeks of pregnancy. We made a comparison with
the distribution of 911 spontaneous abortions from which only about 14 % were
analyzcd cytogenetically. The peak of frequency coincides with the peak of the
127 cytogenetically defined abortions. This observation might be interpreted in
the sensc, that selection of the abortions materials for chromosomal analysis
was by chance and did not influence the spectrum of chromosomal aberrations.
Furthcrmore, we noticed, that abortions with chromosomal aberrations occurred
threce weeks eatlier in the mean than those with normal karyotypes.

Hispathological examinations of the abortion materials were performed by
local pathologists in close cooperation with the 18 collaborating clinics of gyne-
cology and obstetrics. During the last 3 ycars iwo centers were active in this
respect, one at Berlin with Prof. K. F. Kloos and the other in Bonn University
with Dr Kiihl. Evaluations and comparisons between histoiogical and cyto-
genetical findings have not yet been finished. T shall restrict my rcport to
a few general rcmarks.
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TabBLE 4
Spuntaneous Abortions.
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Prof. Kloos focussed his attention in our collaboration project exclusively
to histological examinations of early abortions and made very thorough
documentations. For this he developed a new cxtensive scheme, His impression
up to now might be summarized as follows : He could not yet corroborate the
findings of associations between specific types of chromosomal aberrations and
distinct signs of placental anomalies in the sense of disturbances of formation or
differenciation. However, we should acknowledge this with great reserve until
the evaluations have been finished.
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M. WiNICK | Amniotic fluid non-dialyzable hydroxyproline concentration is
linear to 28 weeks and then drops. We are hopeful that ammniotic fluid AMN
Hydroxyproline concentration may be a marker of fetal growth,

AA. Moscona : Is it known in some detail what type of cells are present in the
amniotic fluid ? 1t is important to be able to distinguish not only between fetal
and maternal cells but also between the different kinds of fctal cells present in
the fluid at different stages of fetal development.

Have methods of differential cell fractionation and cell cloning been applied
to these cells; such approaches would be essential if one werc to use these celis
in a meaningful system of screening for biochemicai abnormalities, for enzyme
surveys, etc., in these cells. Primary cultures of these ccll populations as they
seem to be used now, are of limites analytical usefulness, because of the possible
initial complexity of these cell populations and becausc of the secondary cell
interactions and ccll-medium interactions in the evolution of such cultures, and
the selective events that might occur in it.

Finally, the ccll population in the amniotic fluid may be of a “selected”
kind due to the particular properties of this fluid and of the amniotic environ-
ment. The exploration of these and related problems of this is practically feasible,
should help to clarify the eventual usefulness of amniocentesis as a diagnostic
tool.

K. HiRSCHHORN : With reference to the first question, there is really only one
definitive study until this time and that is by Nadler, recently published, n
which he has demonstrated that if the amniotic fluid cell culture results in a
monolayer of ¢pithelioid cells as opposed to the more frequently observed
fibroblastic type of out-growth, there are definitely differences and the one that
he has chosen to study is the enzyme histidase which is deficient in the diseasc
histidinacmia. He has been able to show that in normal amniotic cell culturcs
of the cpithelioid type, this enzyme is present, while in the fibroblastic type it is
absent.

Now generally, in most people’s experience, the cells will grow out either
as fibroblasts or as epithelioid cells and only rarely ever as a mixture. As t0
contamination by matcrnal cells, this has been now checked by a variety of
techniques including one that T would suggest to Dr Degenhardt to distinguish
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maternal cells. This is by mcans of enzyme polymorphisms known to exist in
the mother and locking for heterozygosity in terms of paternal contribution to
distinguish foctal from maternal cells. It has also been shown that il a culture
of amniotic uid celis grows very rapidly, so that onc has a fibroblust layer in
three to four days, it is almost a sine qua non that this is maternal tissue,

Fven if this happens and onc lets this culture grow on ur, as we do now,
has multiple bottles and takes the more slowly growing tissucs, they are invaria-
bly, at least in thosc that have been studied until now, foetal. So the kinetics of
cell growth between maternal and foetal cells is quite different and I don’t think
that this will be a great problem in the futurc,

Fibroblasts are not all the same. One can show, for example, as we have
in a recently published article, that fibroblasts established from bone marrow
are most likcly hemopoietic stem cells as opposed to fibroblasts grown from
skin biopsis. So the appearance of fibroblasts tells you absolutely nothing of
their source or of their potential, Therefore, your suggestion of cloming out
these cells is a pood one. However, therc is another finding which T should
mention which is that in onc bottle of amniotic fluid cells, it is very likcly that
cloning already exists; in other words, if one observes these cultures, one finds
most frequently one point in the bottle (hat begins an outgrowth and that is
what then eventuaily covers the whole bottle.

We even have, as an example of the kinds of problems that can arise with
amniotic fluid cell diagnosis, a casc that is, I think, rather crucial : a fluid was
sent to us for the potential diagnosis of Tay-Sachs disease derived from a mother
who had previously had an affected child, We grew the cells and did the enzyme
analysis for hexosaminidase A and concluded that the child did not have,
Tay-Sachs disease. The mother was 36 years old und an intelligent psychiatric
social worker and requested from the original laboratory that had sent us the
sample that we look at the chromosomes of the cclls that were grown. We
agreed to do this and found 45 chromusomes in every cell. Ordinary unalysis
would have told us that the most likely diagnosis was 45 XO Turner's
syndrome, We did note, however, a number 13 chromosome which had extra
material on its short arms. Wc then performed fluorescence analysis by the
quinacrine technique and found that every interphase cell had the fluorescent
Y body. We could not find the Y inittally in the karyotype but knew that it
had to be there somewhcre, at least the long arm of the Y, which is all
fluoresces but does not contain the masculinizing genes. Fluorescent analysis
of the chromosomes demonstrated that the extra material on the chromosome
13 fluoresced in the manner of a long arm of 2 Y chromosome. We brought in
the family to tell them of these findings. We explained to them that we could
not predict the sexual development of this feetus, that it could be a Turner's
syndrome, a normal malc or an intersex, and they clected to abort on this
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information, already having one normal and one grossly abnormal child with
Tay-Sachs diseases. At the time of abortion which was done by hypertonic
saline, a fresh sample of amniotic fluid was obtained. Growth of that sample
demonstrated all the cells in several bottles to be 46 XY. Regrowth of a
sample that had been laid down from the initial culture that had demonstrated
45 chromosomes, continued to show 45 with the Y, 13 translocation. We
ar¢ quilc convinced that this was a chance clonal development of an aberrant
cell line, cither developing in culture or in the embryo itself,

With reference to your second question, of amniotic fluid as a cullure
medivm, Maimen Cohen in Buffalo routinely cultures his amniotic fiuid cells in
amniotic fluid until they become established. We have studied this side by sidc
with conventional media; we happen to use McCoy’s medium 5 A with 30 %
foetal calf serum, and we found no difference between the two methods in effi-
ciency or in the biochemistry as far as we have studied it, or in the chromosomes
complements.

D. Hsia : 1 wish to emphasize that the biochemical analysis of fetal cclls is a
different order of magnitude from ecytogenetic problems. By biochemical
problems, one meant :

1} establish normal enzyme and isoenzyme patterns,

2} determine biochernical abnormality — the homozygote,
3} distinguish variant,

4) detect the heterozygotes.

A, E. HrLLEGERS : [ did not see Dr. Winick's slide on hydroxyproline concen-
trations long enough to s¢e whether the decrease in the amniotic fluid concentra-
tion parallels the decreasing osmolarity of this fisid. Since the osmolarity
decresaes from about 290 to 250 at term, I would like to see the slide again
to find out whether increasingly hypotonic urine, rather than hydroxyproline
metabolism could explain the data.

V. INGRAM : Abnormal karyotypes arc observed in cell culture aller many
generation in culture. Does this accurately represent the karyotype of cells in
the fetus, rather than an effect of culture conditions ?

K. HirscHHORN : Tn thosc cases in which it has been possible to obtain tissue
from the embryo following abortion, when a chromosomal aberration has been
detected in amniotic fluid cell culture, this has been identical, with the one
exception of the case I mentioned previously. So 1 am not saying that the possi-
hility of either selection of a preexisting aberrant clone, or of mosaicism, or of

13
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some event occurring in tissue culture cannot happen, All that I am saying is
that in the great majority of cases it seems to have not happened.

V. InGraM : But that really does not explain the situation or does not provide
an answer because presumably when you test the tissues of the aborted fotus,
you go through a similar procedurc of culturing the cells.

K. HirsCHHORN : Y<¢s, but now what you are askink for is for the same chance
event to occur in tissue culture to the tissue derived from the amniotic fluid
cells and the tissue derived from the feetus, and that these should produce now
identical chance aberrations whereas in culturing hundreds of samples of
amniotic Muid cells these have not oceurred. Tt s asking T think for too much
chance.

V. TngRAM : No, no, not a chance cvent, but the susceptibility, T am asking is
the actual siluation, not the production of abnormal caryotypes and therefore
abnormal products in the ficlus, but rather the susceptibility of the cells 1o the
cnvitonment which makes them react in this particular way, which would put
the cause elsewhere ?

K. HirscHHORN : I think vou can ask that about every cytogenetic study in exis-
tence except for direct chromosomal analysis of bone marrow samples.

V. Ingram : Will Dr. Hirschorn’s medical intervention ir wferc for abnormal
fetuses to bring them to term result in an increase of deleterious genes in the
population ?

K. HirscrmorN : The question of the genetic decline of the human population
was raised in eugenic terms initially by Galton in the XIXth century and has
been a recurring bogeyman raised by some individuals since then. For a whole
host of reasons, I don’t believe that this is a matter with which to concern our-
selves in any worrysome manner. There are now several very good analyses for
example, by Medawar, to why it is not a real problem. Let us get to specific
situations.

In the case of a rare rccessive gene, the maintenance of the individuals with
the rare disease, if they propagate will cause a doubling of the pene frequency
in about two to four hundred generations.

The rate of advance of medical science, I think, is several logs higher than

this kind of doubling and we have invented glasses to allow you and me to
cross the street without getting run over.
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The qucstion of a common recessive gene, such as lay Sachs disease in
the Jewish popuiation, all that I can do for the moment, not wanting to get
into a really prolonged debate about this, is to quete Harry Harris’ comment
from the recent International Congress of Human Genetics held in Paris in
which exactly this question was asked, Does amniocentesis and abortion, sclee-
tive abortion —— it is really a variation of your question — of homozygotes not
cause an increase in the gene frequency of the gene, because two oul of the
three children that will be born wili, in fact, be heterozygotes and there may be
reproductive compensation and so on, causing then a2 gradual increase and in the
case of a common gene, a more tupid increase of the gene frequency ? Harrnis’
answer 1o this was thal if Ashkenarzy Jews were to marry non-Jews, this
would no longer be a common disease.

C. LEVINTHAL : T had scveral questions of which the one that Vernon Ingram
just raised was one. One is a fricndly question and one is an aggressive comment,
So fet me make my friendly guestion first and then the aggressive comment which
I think that Dr. Hirschorn has probably heard before, and I know he will hear
it again.

The friendly question is : in your envisaging the carrier situation, does that
give you the possibility of asking the question what fraction of a particufar
trisomy gels through 1o term ?

And it seems to me it does and it seems to me that, at least, grosso modo
the answer would be most of them; otherwise your statistics wouldn’t come out at
all right, but maybe I misinterpreted it. Maybe we had better forget that one for
the moment.

Now my aggressive comment : safety of amniocentesis has not been ade-
quately determined. The increase in use of the procedure should be carefully
controlled and all cases in which the procedure is used reporting should be
required and follow-ups on children should be done.

K. HirsciiornN : Let me start with the friendly questions : What you were
talking about was the frequency of abnormals detected in the translocation
carriers for I3, G translocation mongols. And I am afraid that from a number
of animal experiments, it is not @ priori predictable what percentage of gametes
will result in an unbalanced state. This is due to the fact of the manner in which
chromosomes line up during meiosis, and the adjacent segregation which would
result in the abnormal oncs, In a varicty of translocations in both plant and ani-
mal material, results in highly variable proportions of abnormal zypotes.
Therefore, just because we huve found one third of them coming through as
abnormal does not mean that one third siarted out as abnormal, so I am afraid
one cannot answer that,
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Now let me answer the aggressive comment with an not quite so aggressive
answer, First of all, the word “ perfectly safe ” was never used as far as I know
in my, Henry Nadler’s or anybody else’s talk that I have ever heard on this
topic. All that we can give at this particular point are minimum risk figurcs
for differents kinds of events : maternal minimum risk figures, feetal minimum
risk figures for immediate damage, but we have no idea, as I said before, of foetal
minimum risk figures for long term damage, if any,

The question of who does the procedure, I think is enormously important and
this ought to be remembered until we have either the knowledge that any obste-
trician can do the procedure equally safely in terms of the mother and, in the
long run after we have more data, in the feetus, we must restrict this procedure
to high risk cases. And when we now say high risk cases, the risk for the total
population in whom this is done is not one or two in a thousand but for the vast
majority of these, it is far higher. For a translocation carrier is one in three, for
an inborn error of metabolism it is one in four, for a woman over forty it is
three in a hundred, which is thirty in a thousand. It is not one or two in a
thousand.

Therefore, I think that in these high risk situations, we are perfectly
fustified in accepting the current minimum risk figures as being considerably
lower at least for what we can measure at this time than the immediate severe
and [requently prolongedly lethal cffect of what we are looking for. On the
guestion of reporting, T completely agree with you and a number of us have,
in fact, come together and are cxchanging this information for the sake of
reporting. The information is quite complete in terms of suceess of culture, in
terms of a whole varicty of questions, As to whether or not the government will
Tequire this reporting, persomally I think it might be a rather good idea, but
you also, I am sure, are well aware of the fact that not only physicians but
most people in the United States are a bit leery of government’s requiring the
reporting of something and would rather do these things on a voluntary basis
which 1 think wiil become very efficient and is already quite efficient, as you
can see from the collaborative data that I have presented until now. A similar
situation exists in the case of transplantation.

W. MCBRIDE ; [ would like to ask Dr, Hirschorn, I am sorry T may have missed
a little, did you mention you had one failure ? Ilow many pregnancics have you
terminated following amniocentesis ? Was this the only failure that you had, the
only failure in your diagnosis in the Tay Sachs disease ?

K. HirscuHORN : The failure was not in Tay Sachs disease, the failurc was a
chromosomal problem. In our laboratory this happens to have been the only
failure. We have terminated in our laboratory at this moment nine cases of which
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cight have been confirmed for their diagnosis and the ninth was the case that
wus just lalked about. I know that in Henry Nadler’s study, there have been two
problems in the very early stage of falling into the trap of studying maternal cells
and the failurc was quitc the opposite, when an abnormal offspring was born
with the diagnosis of normality. From what I can gather at this point, from the
data in this collaborative study, the other cases have been confirmed if called
abnormal. Now a few abonormals have been born despite a diagnosis in utero,
but this has been because of one of iwo reasons : one, the study is done too late
in the pregnancy to do anything about it, or there was a severe delay in arriving
at a biochemical diagnosis, so that it became too late in the pregnancy, or second,
maternal choice which amazingly encugh to me has occurred in Lwo cases that
I know of, in which children that were diagnosed as abnormal, one a case of
mongelism that I know of and another a biochemical error, I have forgotten
the detail on that one, have been born at the choice of the mother.

W. McBRIDE : So, T think you said that you had done almost a thousand in the
series, the combined scrics, and only nine pregnancies were terminated.

K. HirscHHORN @ Nine in our laboratory, bul the total number terminated
was somewhere between thirty and forty out of the thousand.

S. BENNETT : We have learncd that a high proportion of fetal abnormalities are
accompanied by gross karyolypic abnormalities. The majority of genetic abnor-
malities are represented in karyotypes which appear normal by conventional
methods. We should encourage search [or methods which might pick up a greater
proportion of abnormalities connected with genetic defects. Biochemical analyses
of fetal cell cultures in search of phenotypic expression of enzymatic activity
is too expensive and tedious for general use. Recent applications of fluorescent
staining of chromosomes has revealed banding patterns on individual chromo-
somes, has facilitated the identification of individual chromosomes. We can
expect refinements and advances in such techniques, and from such advances
we can expect a broadening of the amount of genetic information which can be
derived from study of mammalian chromosome smears. We can hope for an
extension of the morphological information content of chromosome smears of
mammals into as much detail as is revealed by the banding patterm of Droso-
phila chromosomes. Perhaps application of the electron microscope to study of
mammalian will take us in this direction.

K. HirscHORN : T would like to clear up a couple of points. First, the particular
banding techniques whether by fluorescence or by Giemsa banding in currcnt
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use, and by current T mean the last few months, have absolutely nothing to do
with the bands observed in polytne chromosomes in drosophila; they are
totally different kinds of things and I think the two should not even be men-
tioned in the same sentence, becausc there is a great deal of confusion between
these two things just because superficially, they look somewhat alike.

Secondly, nucleotide change type of mutations cannot be detected even
in the polytenc chromosome of drosophila by a change in the striping pattern
of that chromosomc; it is deletions, duplications and othcr gross chromosomal
anomalies — and by gross T mean beyond the gene level, that can be recognized.
At this particular state of the art, 1 have very little hopc that in the near future,
we can gel down to a nucleotide change level to pick up and screen for inborn
crrors of metabolism by any morphological technique that has until now been
conccived,

K. DEGENHARDT : What du you think about non-disjunction in meiesis, at what
stage it may happen preferently 7 T would like to focuss your attention to the
statement of Professor de Grouchy in Paris that non-disjunction leading to
trisomy 21 could be related to the sccond meiotic division in oogenesis by a
marker chromosome of the mother. Arc there other indications that the second
meiotic division may be involved more frequently ?

K. HirscHHORN © As you are probably aware in cascs of sex chromosome aneu-
ploidy, of the X chromosome particularly, wherc one can get genetic information
through Xg — a blood group study, and determine whether the non-disjunction
occurred paternally or maternally and whether in the first or second meiotic
division, the majority have been second meiotic division non-disjunctions, but
there have been cases of first meiotic division non-disjunctions. So both seem
possible although the second scems more likely, at least for the X chromosome.

Now as to other causcs of trisomy 21, in the group of mothers where there
1s no relationship to advanced maternal age, careful analysis of both parcnts
form multiple tissucs has already demonstrated a higher degree of mosaicism
among the parents than had been expected. We have recently, for example,
found this in three fathcrs of mongols born to young mothers; there have been
previous studies in which several of the mothers have been found to have this.
One cannot rely on blood culture alone for this diagnosis and I am sure that
with multiple tissue analysis a certain proportion of the young mother cascs
of mongolism will be demonstrated to be due to parental mosaicism. Tn fact,
Penrosc had some data some time ago in which he showed that in young mother
mongolism there was some increase in grand-maternal age which could indicate
a non-disjunction producing a mongoloid mother or father who through
anaphase lag became mosaic.
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R. Turein : Sil'intérét d’'une séance se fonde sur sa durée, je me permettrai dc
vous faire remarquer que nous siégeons depuis prés de guatre heurcs. Suns
doute, des questions ont été posées qui anticipaient sur I’avenir. Jespére donc
que dans vn avenir proche, nous nous réunirons de nouveau pour récxaminer
ensemble les intéressants problémes qui ont été envisagés ce matin.
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CHEMICAL TERATOGENS AT LOW DOSES

Cyrus IEVINTHAL
Departmeni of Biology, Columbia University, New York (U.5.4.)

T would like to discuss several questions both practical and theoretical
which seem to me important in connection with attempts to understand and
ultimately reduce the factors which produce major physical and mental birth
defects, Before doing so however, I would like to present a summary of what
1 believe are the most important ideas we have hcard so far at this meeting.

There are three general conclusions which seem to me to have been
demonstrated in several papcrs. First, and most important, is the fact that
the fraction of children born with major physical or mental defects is probably
higher than 5 %. This large proportion includes mental as well as physical
defects which may not be observed until the children are ready to start
school, but thc numbers seem to be comparable in studies donc in several
parts of the world. Second, and clearly related to the first, is that increased
wealth in a society and improvements in medical care can incrcasc the number
of individuals who are living major defects. In wealthy societies the life
expectancy of children born with mongolism has incrcascd markedly in the
last several decades. In addition, results presented hcre suggest that a very
large fraction of the products of human conception carry chromosomal
abnormalities which cause early spontaneous abortions. It seems likely that
medical care which is currently available can increase the number of children
born with such abnormalities by reducing the sclection against fetuses carrying
them. Thus it is possible that the “ best ® medical care which can be given
to pregnant women and to ncwborn children might increase the number
of individuals in the socicty who arc unable to care for themselves and thus
require that thc socicty devote cnormous emotional and financial resources
to their carc, The third general conclusion with which I have been impressed,
is that we have no real understanding of what causes these defects. We do
not know, cven approximately, how many of them are induced by : (a) envi-
ronmental conditions external to the mother; (b) envirommental conditions
which the mother produces for the fetus; (¢} genetic factors contributed by the
parents, or (d) genetic anomalies which arise in the offspring. Tn addition to
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our ignorance of the relative number of individuals effected by each of these
causes, we have almost total lack of understanding of the mechanisms which
are responsible for the defects in each of these categories. In spite of the fact
that we don’t know the relative proportions of defects caused by each of
these possible causes, I will raise questions which rclate primarily to the first
and sccond. In particular, 1 would like to discuss in general terms the
question of what the society can do in attempting to reduce the number of
defective children whose defects might be caused by specific chemical
substances which the mother ingests before or during pregnancy.

In considering the problem of chemical teratogens there arc two quite
different levels which must concern us. The first is that characterized by the
thalidomide disaster in which compounds are ingested at high concentrations,
that is, concentrations which are designed to produce pharmacological cflcets
of some kind. In this case onc is concerned with the same general problem
which has engaged the attention of teratologists for many years. How can
drugs be tested to be sure that they do not have unanticipated side effects
on the fetus if they are administered 10 a pregnant woman, The detrimental
cffects, if they exist, would be expected to produce damage in a large fraction
of the population exposed at a sensitive period of development.

The sccond level at which one must be concerned with the ingestion of
chemical compounds by pregnant women is that which occurs when the
material is consumed at a very low concentration. In this case, ome might
be dealing with matcrials which are not designed to be ingestcd by man but
which enter the food chain where they are concentrated by various natural
processes. Whatever the route of entery into the food supply, the concen-
tration of possible toxic malcrials ingested by pregnant women would presu-
mably be so low one would not expect a dramatic effect in which a large
fraction of the exposed population suffered damage. In this case no dircet
observation of individual children with specific defects could be observed.
If there were an effect, it would be a stulistical increase in the number of
birth dcfects but the increase might be so small as not to be detectable above
the spontaneous ratc. It is important to determine if such an cffect is being
induced by chemicals in the environment even if incrcasc in the rate were
small since the absolulc number of individuals being affected could be very
large even if the increasc were not directly observable.

In fact the socicty frequently aperates with the assumption that compounds
which show teratogenic effects of high doses also do at low doses in spite
of the rather anti-thcoretical attitude on the part of some terotalogists who
express the view that if thcy cannot observe an effect, it does not exist. The
same argument has gone on for many years between many geneticists who
have advocated reduction of radiation exposure on the basis of theoretical
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extrapolations and many radiologists who have requircd direct observable
evidence of ill effect before uccepting limitations on diagnostic radiation
eXposure.

This issue has recently been faced by the American miiitary when it
was made to stop the usc of the herbicide 2-4-5-T after laboratory tests
showed that commercial preparation induced birth defects in experimental
animals. The use was stopped ¢ven though it was claimed that the coneen-
trations to which human populations were cxposed were somcwhat lower
than those that hud been used on the experimental animals.

In making decisions of this typc one must make some implicit or explicit
assumption as to the shapc of the dose-effect curve, otherwise there is no
basis for extrapolating from experimental results to real situations whenever
any decisions or public policy must be made.

The Dose-Effeci Relationship,

Mcasuring the effects on a population of a graded series of dosages
of a chemical is a general method that may be used to detect dangerous
substances. The * dose-effcet ” relationship is comceptually very simple and
has proven to be a very powerful analytical tool. For example, dosc-effect
cxperiments have been used to show that e amount of ionizing radiation is
too small to cause mulations. They have bcen used to show that some
chemicals may inducc cancer when applicd, cven in very low doscs, whereas
other chemical are carcinogenic only above a critical threshold level.

There ate two fundamentally different idealized types of dose-effeet
relationships. In one type, the obscrved effect .— be it cell death, irritation,
number of birth defects, mutations, etc. — increases in proportion to the
dose when the dose is very low. Some response is cvoked at every dosage
above zero. The practical significance of such a Jow dose relationship is that
no matter how little there is, or how dilute, thc agent poses a calculable
threat. For instance, thc ecarcinogenicity of some chemicals is described by
4 linear dose-effect cutve. A given amount of one of these chemicals would
be capable of inducing the same number of tumors whether it was spilled
into a coffee urn or diluted a million-fold into a supply of drinking water.
The difference lies m the size of the endangered population, and the relative
tisk to the individuals in the populations. Responses of this kind are fre-
quently referred to as Knear; however, they may not actually be linear except
over a restricted range at low doscs. The essential fact is that there is no
dose so low that one can say that the effect is zero. It certainly will be the
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case that there is a dose so low the induced effect is much less than the
spontaneous one. In this case, one would not be able to observe the induced
effect. However, one could infer its existence and could calculate the number
of affected individuals.

The seeond kind of dose-cffect relationship is characterized by S-shaped
curves. Phenomena described by this sort of relationship — such as the action
of poisons, some carcinogens, ctc. — show un important concentration depend-
ence, and there is a “ threshold concentration * below which the agent is
essentially without effect, S-shaped corves describe phenomena in which
many molecules, or other particles, must act tn concert to be effective. Simple
dilution or dispersal of a substance decreases the probability that the number
of particles required to do damage will be present in one place at the same
time, thereby rendering the substances harmless (assuming there is no physical
or bioclogical mechanism for re-concentrating it).

The biological basis for the two different types of curves is not difficult
to understand, Linear dosc-cllect relationships describe situations in which
single packets of cnergy (photons, X-ruys) or matter {molecules, viruses) are
able to damage uniquely important molecules or eclls in an organism. Such
sensitive components include germ cell chromosomes, which conlain the
genetic information for the next generation, and stem cclls in the embryo,
which differentiate and multiply to give rise to significant portions of tissucs
Or organs.

S-shaped, threshold-type dose-effect relationships indicate that a preat
number of molecules within a cell, or a great number of cells within an
organism, must be attacked before damage can be seen at the organismal
level. Metabolic poisons, such as arsenic or carbon monoxide, fall into this
catcgory because they must attack many molecules in many clees before they
do any real damage.

Tt must be noted that for each different effect an agent has, there may
be a different dose-response curve. For instance, while there may be a threshold
concentration below which caffeine is not a stimulant (S-shaped curve),
single caffeine molecules may causc mutations (lincar rclationship). Thus, when
testing agents, it may be important to measurc the entire spectrum of possible
adverse effects.

The constant exposure of huge populations to small amounts of many
chemicals makes it essential that we know whether such dosages affect small
fractions of the population. The need for more sensitive tests has led to the
use of insects, tissue culture cells, or micro-organisms in place of vertebrates,
but it is often questionable whether results obtained from these experiments
can be applied to man.
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A convenient and often satisfactory alternative to testing cnormous
populations is to do experiments at dosages high enough to affect scveral
per cent of a moderately-sized population. If one has reason to belicve that
the dose-effect curve is linear, the cffects of low dosages can be cstimated
by simple extrapolating the empirical curve back to zero dosage. In this
way, one can estimate the dosage that would adversely affect smaller fractions
of the population than could cver be determined experimentally. If, on the
other hand, the dosc-response curve indicates a threshold, it is usually
possible to determine thc approximate © no-effect ” level and then estimate
the dosage to which humans can be safely exposcd. There are, however,
extremely complex theoretical and practical problems involved in the extra-
polation from animal experiments to (hc effects on man. Since different
species have different enzyme systerns which can detoxify foreign poisons,
therc is no simple way of estimating the corresponding dose betwcen animal
and human effect. The usual busis of such extrapolations is to assume that
there will be a corresponding cffcet when the same amount of the chemical
is applied per unit weight of the organism. Although this mcthod may be
the best we can use at thc monent, its many pitfalls must be kept in mind
and efforts must be made to collect and correlate human effects whenever
they occur.

A second way of sidestepping the difficuliics of determing the low dosage-
clfcet is to learn enough about the fundamental biology of the processes
involved so that one can predict on thcoretical grounds the way in which
the substance acts. 1If we know thc mechanism, it is often possible to predict
whether a dose-effect relationship is linear or has a threshold. For instance,
if it is discovered that a chemical directly modifies DNA, onc would predict
that the mutagenic effect of such a chemical would increasc lincarly with dose.
Efforts could then be madc to exclude that chemical from the environment.
According to a recent report, sulfur dioxide, a common air pollutant, may be
just such a chemical. Alternatively, a chemical may bc thought to inhibit an
enzyme. Becausc there may be thousands of these enzyme molecules in a
cell, and millions of cells in an organ or organism, only large amounts of
the chemical would have a significant effect on an organism (S-shaped curve
with threshold). Such a chemical, if sufficiently dilute, could be tolerated in
the cnvironment. Hence, some orgamophosphates which are similar to nerve
pascs can be used safely as pesticides, because the field concentration is
kept well below the levels which would be toxic to forms of life other than
insects, and because the compounds are rapidly degraded by moisture.

Despite the conceptual simplicity of the experimental determination of
a dose-effect relationship the practical problems are enormous and in no
casc is there sufficient data to allow a real decision to be made as to whether
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a threshold exists for any chemical teratogen if it is applicd at low dose.
The answer may be different for different chemicals and for diffcrent specics,
but it should be possible with some chemical teratogens applied to small
organisms to make the same type of determination which demonstrates a
non-threshold effect of ionizing radiation in producing mutations by using
bacicria as the test organism. In our laboratory we have started a series of
cxperimenis with a smull tropical fish and with two small invertebrate species
which should lcad to a morc sensitive test for chemical teratogens. Obviously,
these organisms cannot be used as test organisms to screen chemicals since
there is no reason to think that scnsitivity or lack thereof for these organisms
would correspond to sensitivily for man. On the other hand, it should be
possible to improve our understanding of the hasic mechanism by studying a
dose-response curve in these small organisms.

One of the major interests of our laboratory is the extent to which
genetics, nutritional and environmental (zclors can effect alternations in
the structure and connectivity of a nerve nct. The investigations must be
made with organisms in which these factors can bc controlled as fully as
possible. In addition ,the methods used for obtaining and analyzing the three-
dimensional structures must be as powerful as we can makc them. T will try
to indicate how these systems can be used in studying various problems in
chemical.

The Organisins,

Three animals are currently being used in these studies. One is the
rotifer, Asplanchna Brightwellian extremcly small fresh water invertebrate
with a total of 206 cells in its brain. A sccond is the water flea, Daphnia
magna, which has several thousand cells in its brain, and has a compound
eye with 22 lenses each surrounded by eight receplor cclls. These 176 receptor
cells send fibers to the brain with no interconnections between them before
the fibers branch in a complex network within the optic tectum (that portion
of the brain which is responsible for the first processing of optical information).
Although the cntire brain of Daphnia is too complex for analysis with our
present metheds, it is possible to analyze the initial branching and connections
as the fibers from the eyc interact with 110 cells which form the front part
of the optic tectum. The third organism which we have recently added to our
collection is a small tropical fish, Poecilia formosa. The total brain of this
small vertebrate is many orders of magnitude more complex than either of
the invertebrates; however, it has two large cells, thc Mauthner cells, which
have been extensively studied in other fishes and which can be Jocated easily.
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Since these cells receive inputs from many separate fibers, therc is a highly
complex but very specific structure composed of the Mauthner cell and its
connections on each side of the fish, These two Mauthner ccll complexes on
opposite sides of the fish show al least approximate hilateral symmetry, and
the extent of the symmetry can be studied in detail.

These three organisms span the animal kindgom, with the small organisms
having only a few well-defined bchavioral patterns and showing no evidence
that they can learn anything cven after extensive efforts at training, The
fish have complicated bchavioral patterns that are modifiable with both
long- and short-term variations induced by training.

All three of the animals are able to reproduce parthenogenetically in
such a way that no genetic material is contributed to the offspring by the
males. The offsprings under these circumslances, must be female, and ure
genetically identical to their mothers. Tt is therefore possible with cuch of
these organisms to obtain an unlimited number of individuals which although
they arc born at differen times, arc genctically related as though they were
identical twins. Thus in a population of genetically identical amimals we
can sludy the variations which arisc by differences in environmental stimuli,
nutrition or random chance variations during growth and dcvclopment .

Data Collection - Image Combining.

The primary process involved in determining the three-dimensional (3-D)
structural information of nervous lissue is the fixing, embedding and cutting
of serial sections of the tissuc which are then photographed with a light or
an electron microscope. The dimensions are such that several hundred to
several thousand photographs are necessary to record the siructures of interest
in a single animal. Tn order to handle the photographic information in an
orderly way, we have developed a procedure for copying the photographs
on to a motion picture film strip, with the picturc of each section being aligned
manually with thc one in front of it (as described by Levinthal and Ware,
Nature, 1972). The result of this process is a motion picture film strip which
can be projected so that the observer has the illusion that he is “ walking
through the animal ”. Three-dimensional relationships become apparcnt as the
movie projector runs forward and back.
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Data Collection - Computer Recording.

In order to rccord the 3-D relationships which an obscrver can “sec”
in (he movie, the projected image is superimposcd on the image of a compuier-
driven oscilloscope display. The obersver can draw in 3-D space by moving
a device with Lwo wheel-driven potentiomelers which control the position of
a spot on the oscilloscope. This indicates the x and y coordinate of the point
to be recorded; the frame namber of the movie determines the z coordinate.
Since the movie projector is driven by the computer, the full 3-D information
is available in digital form.

Featurcs of the tracing and display programs include provisions for
nerve file cditing, for comparative displays of one side of an animal with
a mirror image of the other, and for making visual comparisons of the same
structure in different animals, with facilities for orienting and scaling one
animal with respect to the other. These programs and several other features
for matching recordings obtained from animals at different ages of embryo-
logical development will be described in detail elscwhere.

Results.

Substantive results arc beginning to be obtained on the sniall invertebrates,
and the methods for handling the fish arc almost complctely established. The
questions being investigated at this stage are: (a) How nearly identical are
the nerve nets in the brains of genetically identical animals when the animals
are raised in essentially constant environment : (b} To what degree of fine
structural detail does the bilateral symmetry of the organism extend?
(¢) Since precise bilateral symmetry cannot exist at the mid-plane of the
organism, does the breakdown of symmetry show an organized pattern, or
does it vary from one animal 1o another 7 (d) Is the devclopmental process
in the organism completely orderly in the scnse that it is the same in cach
animal, or arc there random vatiations ? {¢) To what exient can one under-
ctand the mechanism by which the nerve net is formed by observing the
anatomy of the partially formed structurc ? As would be expected, the degree
of similarity, as well as the fine structure symmetry is nuch higher for the
smallest animal studies, that is the rotifer (Ware TPh.D. Thesis, MIT, 1972},
than it is for the somewhat more complex water flea,

We have not yet started to use these cxperimental systems for studying
chemical teralology. However, to the extent that low level experiments will



CHEMICAL TERATOGENS AT LOW DOSES 208

be necessary in order to determine dose-effect proves it seems reasonable
that systems which have a low natural background variation will be essential.
The experiments we are now doing are necessary first steps before systems
of this type on organisms with no genetic variation can be used for experiments
in which induced variations are studied. The tropical fish scems to be the more
likely to be useful for teratogens studies than the inveriebrates. However for
future work it would obviously be extremely helpful if one could find an
organism closer to man which has the advantages of genetic similarity in
a large population and case of handling in the laboratory. At the moment
it docs not scem likely that we will find an organism which has all of the
desirable properties. Therefore, experimental teratology will continue to use
whatever compromises are available,




DISCUSSIONS

V. INGrAM : Can animals, such as small vertebrates, with small endogenous
background of abnormality be used for screening for teratogenicity ? This
morning we heard thut spontangous birth defects in man is at least an order
of magnitude higher than in animals. Thereforc animal systems may be not
useful for such screening.

C. LEVINTHAL : 1 don’t think 1 said and 1 certainly did not mean to imply
that one can use thesc small animals as the only test system for screeming
chemical compounds. That is clearly out of the yuestion since species differ-
ences arc must too gross to allow the use of small invertebrates for this
purposc. 1 think that the small organisms can, however, be used in irying
to obtain answers 1o some of the basic biological questions which would
help in making extrapolations from high to low doses. In trying to design a
screening system for chemical compounds in the environment one will have
to use every technique which is available including exicnsive tests with small
organisms and cells in tissuc culture. Tt is obviously noi possible to carry
out statistical meaningful tests with the usual Iaboratory animals on maore
than a very small fraction of the total number of chemical compounds to
which human populations are exposcd. With regard 1o the question of whether
congenital anomalies in humans arc much higher than in animals, I think
others here could answer that better than 1, but T think it is possible that the
difference is that one has been able to detect chromosomal abnormalities in
early abortions of humans much more effectively than in any animal cxpe-
riments I know of.

J. WARKANY : | enjoved your movies very much and 1 wanl to point out
that a lew things that you mentioned have been done in the last 30 years.
[ am not sure if you are familiar with the catire literaturc. However, what
I want to ask you now... (Which ones?)... cxperiments with drugs, the drug
gets through to the embryo through the placenta or not, you just said...

C. L.LEVINTHAL @ As far as I know, there has been no experiment done which
would give an indication of what the shape of the dosc response curve is
for any chemical teratogen. Am 1 wrong in that?

J. WARKANY ; I think you are.

B
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C. LEVINTHAL : Which ones, and what is the answer.

J. WARKANY ; Thalidomide - there have been response curves with all sorts
of teratogens.

C. LEvinTHAL : And what is the answer? Is there a threshold or not?
But I'm sorry, this is an important point. In order Lo answer the question of
whether or not there is a threshold one has to know whether one is failing to
see an ecflfect at low dose because you arc getting into the noise of the
spontaneous backgroung, or whether you arc not seeing an effect because
there is really a threshold. T would like to point out that in amswering this
question with regard to radiation it took very large experimenis and consi-
derable subtlety in experimental design. To the best of my knowledge neither
of these has becn uscd in experiments with thalidomide or any other chemical
teratogen.

J. WaRKANY : What is the proof of Dr. Levinthal’s statement at the Press
Conference that herbicides have increascd the incidence of congenital malfor-
mations in Vietnam ?

C. LEvINTHAL : They're certainly not my experiments. T am sure you know
the data as wcll as I. The fact that dioxin is a powerful teratogen and that
dioxin is a rather common contaminant of the 2-4-5-T and other herbicides
that were used in Vietnam, 1 think is quite clearly cstablished.

The question of whether there has been experimental cvidence on people,
you know as well as I, is a debateable point. The fact that compounds which
are now prohibited for use in the United States becausc of their suspected
teralogenic effect were used in very large quantitics in Vietnam as 1 assume
you also know. So I don’t know what we're arguing about.

J. WARKANY : Do you have evidence that herbicides have increased the
incidence of congenital malformations in Victnam ?

C. LEVINTHAL : T just told you what the evidence is. I think the slatement
1 made, was that agcnis which were teratogenic, were used in Vietnam in
large quantities. T belicve this is a correct statement.

S. Larsson : The statement made by Dr. Levinthal on the 245-T as teratogens
arc not relevant in view of the pertinent literature and the concept made by
cxpert groups in Sweden or in the US.A. The content of dioxin has been
considered.
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C. LEVINTHAT. : The only time I mentioned 2-4-5-T was just now when the
question was asked, and 1 specifically said that to the best of my knowledge
the data one was concerned aboul was the data concerning dioxin which
certainly was a contaminant of the material which was used in Vietnam over
quite a long period. 1 did net say that 2-4-5-T itsclf was a teratogen, but
that dioxin is a teratogen and Lo the best of my knowledge, there was dioxin
in the 2-4-5-T that was vsed.

S, LarssoN : May I ask, or comment upon again, in this review also dioxin
as a contamminant of 2-4-5-T has been considered so this is included and
the Commiltee have thought about it. There is nothing new In your statement.

C. LEVINTHAL : I'm sorry, are you saying there is no dioxin in 2-4-5-T ?

S. LaRsSON ¢ There is dioxin and we are aware that it can causc teratogenic
defects itself. Also in combination with 2-4-5-T, but these facts have been
considered by the different committees, by the different experls, so what you
are saying is nothing new.

W. McBRIDE : Defoliants have been uscd extensively in Australia to kill lantana
in extensive grazing areas of Australia, this was sprayed by helicopter.
Domestic animals have an incidence of congenital anomalies as do humans.
In the arcas sprayed there was not an increase in the incidence of congenital
abnormalities among the cattic or the humans living in the area.

C. LEVINTIIAL : Do you know the concentration of dioxin in the 2-4-5-T that
was used 7 How much ol the material was ingesied by the pregnant women
and how many paticnis were studied 7 With what control group were the
cxposed patients compared? There is not good positive evidence of the
teratogenic effect on people in Vietnam and 1 don’t think that the negative
evidence in the cxposed Australian population is very good <i ther. Therefore,
it seems to me that we are left with the studies on experimental animals with
which to make a judgement as to whether or not these materials should be uscd.

. WoOLPERT : | don’t undcrstand the relevance of the daphnia studies to this
meeting. It seems a random choice from a very large number of different
systems and it seems a bad one since it is possible that the development of
its nervous system involves a precision not found in mammals.

C. LeviNtHaL : As T pointed out before in answering Ingram, no one,
certainly not I, suggested that one would usc small invertebrates as the sole
means of screening. What 1 am saying is that if one is trying to find out
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whether environmental alterations, whether they be chemical or physical
alterations, can, in fact, produce subtlc changes in an organism. But one will
have to, use organisms which have 2 small genetic variation to start with.
Now, clearly, I agree that if onc is trying to get at this question directly, onc
would much prefer to usc a vericbrate, which is one reason why wc have
started to work on P. Formosa the tropical fish, For this kind of 1 question
one would clearly want to use either one of the fish in which onc can get
parthenogenesis or onc of the other large organisms in which one can get
parthenogenesis, becausc under these circumstances, I think one can look
for subtle changes and ask whether or not it is possible to induce them at
what stages it is possible to induce them.

L. WOLPERT : 1 suppose what I am rcally asking about js whether it is really
meaningful at this particular stage to look for these very subtle changes. T um

"really not at all persuaded that this is rcally an important question at this stage.

J. WARKANY : T do not atlack Dr. Levinthal, but those neoteratologists who
do not know anything about congenital malformations but muke statements
that are political rathcr than biclogical.

K.H. DecensArDT @ I can subslitutes your statement concerning a linear
dose-response connection between X-ionisation and congenital malformations
in the skeleton of the inbred strains C57BL in mice. There is a clcar threshold
phenomenon in inbred strains of mice. Concerning the dose-response question
between 5§ fluoro-deoxycytidine and for example malformations of the vertebral
column. T may ask you, what is the main point of relevance for the human
being, using daphnia as a testing system for teratogenicity ?

M. WINICK : As a clinician, can I rise in scmi-defence of Dr. Levinthal,
because there are some things I disagrec with, or I have questions about,
but first of all, to raise at this point the relevance to human malformations
really isn’t the issue : the issue herc really has to do with markers and T think
the difference between what Dr. Warkany was referring to and whal some
other people are doing at thc present time in terms of teratology, I don’t
mean the proup necessarily that Dr. Warkany was referring to, is simply
a difference in the markers they are locking at. There is no difference in
many experiments in tcrms of the experiments. In one case one is looking
at morphologic markcrs, now people are looking at biochemical markers,
but it is a question of the marekrs. Now what you are sugpesting is, 1 assume
that we can shorten some of the markers that we might be able to develop
by looking at a system which is a simple system to look at and which has less
of a background : I think that's a reasonable, a good suggestion but 1 would
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like for you to get a little bit more specific in terms of the markers you are
talking about, subtle changes don’t really mean anything 1o me. What T want
to know is, what kind of markers should we be looking for in these systems,
and in terms of a marker of development in daphnia which we may be ablc
to adapt to other systems. But in terms of relevance to humans I think we
arc raising a point here which — you know, we can’t decide what’s relevant
and what’s not rclevant.

C. LEvINTHAL : Let me try and answer these two comments together. T think
on the question of relevance, the issue that seemed to me to be important,
is the issuc which we started to discuss after Winick’s paper of yesterday.
To what cxtent, in animal systems, can one detect changes which lead to
different learning abililies in animals which have been subjected to malnutrition
during certain pericds of development. If one is going to try to answer the
question of whether or not malnutrition during certain periods of development
can, lead to a significant reduction in learning ability, it seems to me extremely
difficult to carry this out as epidemiological cxperiments with people, and
not, in principle, difficult to carry out on animals if you start out with animals
that have a reasonably well defined genetic background. I think that this
kind of experiment with inbred mice, with parthenogenic fish, with any
numbcr of other organisms, are a class of experiments which are important
for social as well as for scientific reasons. I don’t think we can cven begin
to answer the question of whether or not environmental effects like malnu-
trition or cnvironmental insults can produce effects of this kind, if we
restrict ourselves to siudying the problems in humans.

L. WoLPERT : I can’t again understand your insistence on constant genetic
background. There are well-defined techniques for picking up differences
against a variable background. Morc seriously many inbred strains show
greater morphological variability than the wild type population.

C. LEviNtHAL : This is not correct. If you're talking about organisms which
reproducc parthenogenically their similarity is that of identical twins.

3. LARssSON : No relation to the practical problems concerning the dose levels
when you have to give advice about the risk for malformation. Moreover,
the methods suggested for placental transfer, microsomal enzyme induction
of drugs are already used in teratology. So I do not find any new and realistic
in his advice to the progress of tcratology and drug testing.

S. BENNETT : I wish to encourage Profcssor Levinthal to continue his studies
of the factors affecting development in Daphniz and Rotifera. Perhaps we
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physicians nced to be reminded that the relevance to medicine of the work
on genclics of neurospora by Beadle and Tatum was not widely appreciated
by academic physicians at the time it was under way. One can expect that
deeper understanding of control mechanisms in developmental biology will
emerge from studies with organisms such as Dr. Levinthal has shown us.
They develop in a rather uniform matter, and large samples free of penetic
variation can be obtained. T shall await with interest the results of these
studies and be patient il application of the resuits to problems of human
teratology do not emerge immediately.

M. WINICK ; Enzyme systems for handling of drugs may be effectcd by
such nonspecific changes as diet during infancy. It has becn rccently shown
that malnutrition during this period that I was talking about, will cause
changes in the enzymc systems, the microsomal enzyme systems which meta-
bolize drugs, and that these microsomal enzymes changes are premanent even
after you rchabilitate the animal. So that it is possible to induce enzyme
changes of a permanent nature by things as non-specific as protein caloric
malnutrition of the animal. So that you really have to know when yowre
looking al an environmental teratogen whcther or not this is working
specifically or whether or not this is creating some kind of situation in the
animal which is indirectly then working on an enzyme system. A sick animal,
from any cause, may very well have a different kind of enzyme induction
than a well animal.

K. HIRSCHHORN : With reference to the examplc by Dr. Bennett of Beadle and
Tatum’s work, it should be remembered that an academic clinician named
Gurrod first invented the one gene-one cnzyme hypothesis in 1903 and
that human geneticists recognised the rclalionship of the work on Neuraspora
to inborn errors of metabolism as it was being done.

L. WoLPERT : It's just on a question of fact. Do I understand Dr, Levinthal
to say that the connectivity of invertebrate nervous systems — or any inverte-
brale ncrvous system is always the same?

C. LeviNTHAL : What I said was that the connectivity in the rotifer, as far
as we havc heen able to study it, is the same from animal to animal.

1 have one last comment which will be very brief. I was going to mention
an example diffcrent from the one Dr. Bennett used which I think is even
more relevant. That is, the discussion which took place between Dr. H.J. Muller
and most radiologists over many years. In that confrontation I think the fury
of the radiologists at being told that they might have been killing more



