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Current Problem s o f  E xperim enta l T eratogenesis

A n y  p rob lem  we m ake th e  o b je c t o f  in q u irie s  m ay be in te re s t in g  for 
e ith e r  its  p ra c tic a l o r its  th e o re tic a l a sp ec ts ; m ost problem s are  so fo r b o th  
aspec ts  to g e th e r . G rea t was th e  p ra c tic a l s ign ificance of te ra to lo g y  r ig h t  from  
th e  b eg inn ing , a t  a tim e  w hen its  scope o f in q u iry  was still lim ited  to  th e  s tu d y  
of sp o n tan eo u sly  developing  ab n o rm a litie s  o r m alfo rm ations. W h en  s tu d y in g  
th e  genetic  causes of such ab n o rm alitie s  o f d ev e lo p m en t, we h av e  to  give th e  
physico-chem ical ap p ro ach  p r io r ity  to  c o m p a ra tiv e  m orphological a n d  tax o - 
logical m eth o d s. T he beg inn ing  o f n u c le a r  e ra  a few decades ago  a n d  the  
d iscovery  th a t  m an y  chem ical su b stan ces  a re  te ra to g en ic , have  o n ly  ad d ed  to  
th e  p ra c tic a l im p o rtan ce  of te ra to lo g y ; its  th e o re tic a l significance, as viewed 
from  th e  view  o f general biology, need  n o t be specially  em phasized .

In  th e  ap p ro ach  of a g iven p ro b lem , th e re  are alw ays sev e ra l phases. 
T he f irs t  is u su a lly  th e  phase of se lec tin g  a su itab le  m odel a llow ing  to  s tu d y  
th e  in fluence  w hich  p roduces changes s im ila r o r a t least analogous to  those  
b ro u g h t a b o u t b y  th e  n a tu ra l p h en o m en o n . T hen  follow a n a ly tic  in q u irie s  
as to  th e  m an n e r in w hich th ese  in flu en ces a re  inducing  th e ir  e ffec ts . W hen 
try in g  to  s ta te  general rules a b o u t a b io log ical process, we have  to  d e te rm in e  
th e  com m on e lem ent in  th e  d iffe ren t p a th o g e n ic  influences a n d  from  th is 
p o in t i t  m ay  like ly  be th a t  we are  led on to  f in d in g  m eans of p re v e n tio n  o r even 
th e ra p y .

In  1836, G. S . H ila ire  fu rn ish ed  u n q u e s tio n a b le  evidence for th e  te ra to g e n ic  
effect o f an o x ia . In  the  period  o f one an d  a h a lf  cen tu ry  up to  now , i t  has 
been d iscovered  th a t  m any  chem ical su b s ta n c e s  and  types o f p h y s ic a l in f lu ­
ences h av e  a sim ilar re su lt. Few , h ow ever, h av e  been in v e s tig a te d  fu r th e r  
th a n  th e  f irs t  ro u g h  app roach . In  th e  p re se n t re p o rt I shall c h ie fly  discuss 
those su b stan ces  and  physical in flu en ces w h ich  allow some in s ig h t in to  th e  
m echan ism s o f th e ir  ac tion , an d  to  d raw  som e conclusions of g en e ra l v a lid ity  
w hich m ig h t help  to  find  ou t th e  causes o f th e  te ra to g en ic  effect o f  o th e r  su b ­
stan ces  th e  w ay  o f ac tion  is n o t know n.

T he te ra to g e n ic  effect of ion izing  rays  w as f irs t observed a t  th e  b eg in ­
n ing o f th is  c e n tu ry  by  G il l m a n  an d  B e a t j e v  [1] and has since th e n  been

1 A cta Morphologie» Suppl. X III .
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te s te d  a n d  confirm ed  b y  ex perim en ts on v a r io u s  species, in c lu d in g  m a n . 
T h e  p e r ta in in g  te s ts  fa ll in to  tw o  groups: f ir s t ly  rad io tox ico log ica l o b se rv a tio n s  
o f th e  em b ry o n a l o rg an ism , discussed here  so f a r  as th e y  are s ig n if ican t in  
re v e a lin g  th e  m echan ism  o f ac tio n ; secondly  e x p e rim e n ts  to  te s t th e  te ra to g e n ­
ic ity  o f  ion izing  ray s , w ith  reference to  th e  m o rp h o lo g y , in some m easu re  to  
th e  v i ta l  func tions o f th e  m o n ste r th ey  b rin g  a b o u t, and  to  th e  te ra to g e n ic  
m e c h a n ism . A general sh o rtco m in g  of th e  re le v a n t  lite ra tu re  is th a t  i t  fails 
to  in d ic a te  w h e th e r a ir  doses or absorbed  doses h a v e  been  used an d  a t  w h a t  
deg ree  o f  hom o g en e ity  th e  ra y s  have been  a p p lie d . R ig h t, in  m y  v iew , is to  
m e a su re  th e  absorbed  dose b y  th e rm o lu m in escen t m ethods.

T h e  rad io tox ico log ic  ca rd in a l q u es tio n  so u n d s  like th is : w h a t is th e  
m in im u m  to ta l  dose an d  th e  m in im um  dose ra te  t h a t  w ill kill th e  em b ry o  w ith ­
in  20 h o u rs  (acu te  le th a l dose, LD) and  w ith in  10 to  15 days (de layed  le th a l 
dose), resp ec tiv e ly ?  A nsw ers in  th e  l i te ra tu re  a re  fa ir ly  agreeing. K a r n o f s k y  
[2], s tu d y in g  X -ray ed  ch ick en  em bryos 3, 4, 5 a n d  13 days of age, fo u n d  th e  
20 h o u r  L D 50 to  be 2000, 1800, 1450 and  750 r . T h is  agrees on e x tra p o la tio n  
w ith  B o l a n d ’s re su lts  [3] w ho found  th a t  th e  6 h o u rs  LD 50 for 3, 4 an d  5 -d ay s 
ch ick en  em bryos is 946, 905 and  872 r , re sp e c tiv e ly . F u l l y  co n firm in g  
K a r n o f s k y ’s resu lts  w ere th o se  of Go l d m a n  e t al. [4], while slig h tly  lo w er 
v a lu e s  w ere o b ta ined  b y  G o f f i  (Fig. 1). W h a te v e r  th e  resu lts  of these  d iffe ren t 
e x p e rim e n ts , th e y  all te s t ify  to  th e  fac t t h a t  th e  v e ry  young em bryo  is re s is t­
a n t  to  a c u te  le th a l ra d ia t io n  an d  th a t  th e  re s is ta n c e  g radually  d ecreases in  
th e  co u rse  of em b ry o n a l life , u n til i t  se ttle s  a t  a ce rta in  level. T he delayed  
le th a l r a y  effect is n o t am en ab le  to  th is te s t  a n d , u n like  th e  acu te  effec t, i t  is 
in d e p e n d e n t of th e  dose ra te . W ith  D ixon’s w o rd s [6] as the  physio logical life 
re a c h e s  m ore  co m plica ted  stag es , the  em b ry o  becom es m ore v u ln e rab le . T he 
s im p le r  form s of life g en era lly  go w ith  a h ig h e r degree  of resistance to  r a d ia ­
tio n .

R u s s e l ’s stud ies [7, 8, 9] have fu rn ish ed  th e  fu llest co m p ara tiv e  d a ta  
fo r th e  te ra to g en ic  effect o f  ion izing  rays. H e fo u n d  th a t  th e  em bryo’s re sp o n se  
to  r a d ia t io n  depends p r im a r ily  on its age. As to  th e  k in d  of reac tio n , th e re  are  
th re e  s tag es  during  in tra u te r in e  deve lopm en t (F ig . 2): the  p re im p la n ta tio n , 
th e  o rg an o g en e tic  an d  th e  fo e ta l phase. I r r a d ia t io n  before im p la n ta tio n  led 
m o s tly  p re n a ta l  d e a th , v e ry  ra re ly  to  a b n o rm a litie s  of developm ent. W h e n  
e x p o su re  occured d u rin g  th e  organogenetic p h a se , th e n  ab n o rm alities  w ere 
f re q u e n t an d  p re n a ta l d e a th  w as rare . H is to lo g y  asce rta in ed  a b reak in g  o f th e  
ch ro m o so m es, w ith  fo rm a tio n  o f m icronuclei, to  w h ich  m ost of th e  e ffec t c an  
be a sc r ib e d . The sooner b efo re  im p la n ta tio n  w e expose  th e  cells to  r a d ia t io n , 
th e  g re a te r  p a r t  o f th e m  w ill suffer le th a l ch rom osom e in ju ry , le a v in g  no 
tim e  fo r  an  ab n o rm a lity  to  develop . The c o m p a ra tiv e  r a r i ty  of d ev e lo p m en ta l 
a b n o rm a litie s  exp la ins i ts e lf  b y  th e  re g u la tin g  c a p a c ity  of th e  to t ip o te n t  
b la s to d e rm a l cells in  th e  perio d  closely p re c e d in g  im p la n ta tio n , a c a p a c ity
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also confirm ed b y  N ic h o l a s  an d  H a l l  [10] a n d  b y  S e i d e l  [11]. A b n o rm alitie s  
of developm ent are  very  d iffe ren t in  n a tu re . M ost suscep tib le  to  in ju ry  are  th e  
eyes and  th e  c e n tra l  nervous sy stem . A ccord ing  to  W oolam  e t al. th e  rad io - 
p ro tec tiv e  q u a litie s  o f some chem ical su b stan ces  give us a m eans to  red u ce  th e  
frequency  of m alfo rm atio n s an d  a clue to  e s ta b lish  an  analogy  b e tw een  th e  
m echanism  o f te ra to g en esis  an d  th a t  of th e  g enera l ra d ia tio n  effect [12].

O ur know ledge ab o u t th ese  m ech an ism s h as  g rea tly  in c rea sed  in  
recen t y ea rs . D iffe ren t th eo ries  have b een  ad v an ced  for th e  c a rd in a l 
problem  to  ex p la in  th e  a p p a re n t d isc rep an cy  betw een  th e  c o m p a ra tiv e  
sm allness of th e  im p a rte d  ra d ia tin g  energy  a n d  th e  severe degree o f b io log ­
ical harm  p ro v o k ed  b y  it . H ow ever, a rea l u n d e rs ta n d in g  of th e  m ech an ism  
o f action  has n o t  been ach ieved  n e ith e r  b y  th e  a d h e ren ts  of th e  “ h it  th e o ry ” , 
w ith  D e s s a u e r  [13], B la u  an d  A l t e n b u r g e r  [14], C r o w t h e r  [16], Z u p - 
PINGER an d  M e i s s n e r  [15] am ong  its m a in  su p p o rte rs , nor by  th o se  o f  th e  
“ w a te r a c tiv a tio n  th e o ry ” who- to o k  th e  h ig h  w a te r  co n ten t of biological sy s­
tem s as th e  s ta r t in g  p o in t o f th e ir  reaso n in g  an d  reg a rd ed  th e  ion ized  w a te r  
m olecule as th e  p rim ary  p ro d u c t o f ir ra d ia tio n . N one of these th eo rie s  w as 
able to  answ er som e crucial questions o f ra d ia tio n  biology, e.g. w h y  is it 
inside th e  cell n ucleus, m ore p recisely  in sid e  th e  chrom osom es th a t  th e  ray s 
induce th e  g ra v e s t m orphological changes; o r, in  o th e r  w ords, w h a t m akes 
th e  DNA to  re sp o n d  m ost sen sitiv e ly  to  th e  ac tio n  of ionizing ray s?  F u r th e r , 
in  w hat m a n n e r arise th e  m u tag en ic  and  te ra to g e n ic  rad ia tio n  effects a t  th e  
m olecular level an d  how do we acco u n t fo r w h a t we call th e  biological “ oxygen  
effect” , and so on. The closest ap p ro ach  to  th e se  problem s can be gain ed  a t  
our p resen t s ta te  o f know ledge from  th e  ang le  o f molecular biology. A n essen ­
tia l co m ponen t o f  nucleic acid is m ade up  o f th e  n u c leo tide  bases in  w h ich  th e re  
occur c o n ju g a te d  double b o n d  system s (F igs 3, 4, 6). T here is a m ark ed  
difference b e tw een  th e  doub le-bond  n  e lec tro n s  an d  th e  sing le-bondage a 
e lectrons. T h e  p ro b ab le  sp a tia l a rra n g e m en t o f  th ese  can be v isualized  in  th e  
form  of e lec tro n  clouds in  w hich  chem ical bon d s arise a t th e  p o in ts  of 
overlap . W ith  a  electrons th e  w hole of th e  o v erlap  is loca ted  in  b e tw een  th e  
tw o a tom ic nucle i, sy m m etrica lly  to  th e  a x is ; w ith  n  electrons i t  is n o t so 
(F ig. 7).

W h en ev er a m olecule inc ludes a c o n ju g a te d  double bo n d  sy s tem , 
th e  л  o rb its  m erge , and  each n  e lec tron  u n ite s , - n o t w ith  th e  a to m  th a t  has 
helped to  b r in g  i t  ab o u t, — b u t  w ith  th e  c o n ju g a te d  double b o n d  sy s tem  
th a t  form s an  in te g ra l w hole w ith  it. So we f in d  w ith in  th e  m olecule a de local­
ized ti e lec tro n  system , th e  ex istence  o f w h ich  in  p u rin e  an d  p y rim id in e  bases 
was firs t e s tab lish ed  by  P u l l m a n n  and  P u l l m a n n  [17 ,18] and  la te r  c o n firm ­
ed w ith  m u ch  g rea te r accu racy  by  L a d i k ’s co m p u ta tio n s  [19] (F ig . 8). 
Owing to  th e  fa c t th a t  th e  n ucleo tide  bases in  th e  D N A  se ttle  in p a ra lle l one 
ab o v e  the  o th e r , overlappings also arise b e tw een  th e  л  e lectron  clouds o f th e
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co rre sp o n d in g  C-C, C-N an d  N -N  a to m s. Since th ese  overlap p in g s, as L a d i k ’s 
c o m p u ta tio n s  have show n [20], are non  neg ligable , th e  delocalized  e lec tro n  
sy s te m  n o t only ex ists w ith in  th e  n u c leo tid e  base or base  p a irs  jo in ed  
to g e th e r  b y  H -bridges, b u t  ex ten d s  over th e  e n tire  D N A  m olecule. T h is p e c u l­
ia r  e le c tro n  s tru c tu re  exp la in s th e  e x p e rim e n ta lly  ascerta in ed  sem i-co n d u c to r 
p ro p e r ty  o f  D N A  [21] an d  suggests answ ers fo r th e  fu n d am en ta l p ro b lem s of 
ra d ia t io n  bio logy.

I t  follow s th a t  th e  energy , a t  no m a tte r  on w hich  p o in t of th e  m olecu le  we 
im p a r t  to  th e  D N A , will a lw ays belong  to  th e  m olecule as a w hole a n d  will 
n o t be  l im ite d  to  th e  p lace o f c o n ta c t or its  close su rround ings. T he im p a r te d  
en e rg y  se ts  th e  D N A  m olecule in  a s ta te  o f e lec tric  in d u ca tio n  b y  w h ich  th e  
loca l e lec tr ic  fields of force, p re su m ab ly  a lw ays p resen t inside th e  cell, are  
a c t iv a te d , re leasing  a process o f p o la riz a tio n  w hich  m ay  be responsib le  fo r th e  
b re a k in g  o f chrom osom es (F ig . 10). Such b re a k in g s  arise, accord ing  to  B u t l e r  
[22], a t  th e  co n ta c t po in ts  b e tw een  D N A  a n d  nucleoh iston , th e  w eak est p o in t 
in  th e  n u c leo p ro te in  chain , w here on ly  a feeble e lec tro sta tic  b in d in g  force 
keeps th e  links to g e th e r. T he p ro b a b ility , how ever, is very  l i ttle  th a t  o f  all 
p laces j u s t  here  shou ld  th e  ray s  to u c h  th e  m olecule. I t  follows th a t  un less 
we ta k e  in to  acco u n t th e  delocalized  л  e lec tro n  sy stem  w hich ex ten d s  o v er th e  
e n tire  D N A  m olecule, an d  unless we allow  fo r th e  possib ility  of an  in te rm o lec - 
u la r  e n e rg y  tra n sfe r , we shall h a rd ly  be ab le  to  exp la in  th e  fre q u e n t occurence  
of ch ro m o so m e b reak in g  an d  chrom osom e d is ju n c tio n . B u t we m ig h t be  ab le 
to  a c c o u n t fo r i t  on considering  th a t  th e  process of p o la riza tio n  calls fo r th  
a re a r ra n g e m e n t of th e  charges w ith  th e  re su lt th a t  the  e lec tro s ta tic  forces of 
a t t r a c t io n  cease to  w ork , m oreover th a t  forces o f repu lsion  are like ly  to  a rise  
b e tw e e n  id en tica lly  charged  p a rtic le s . A ch an g e  of th e  base sequence  m a y  
even  re s u lt  from  a n o t q u ite  p e rfec t ch rom osom e reco m b in a tio n  (F ig . 11). 
M uch m o re  — th e  idea suggests itse lf  — cou ld  such  a change ensue in s id e  th e  
s y n th e tiz in g  com plem en taries o f th e  lin kages, as a re su lt of th e  ra th e r  f re q u e n t 
e n o l-k e to -ta u to m e rism  w ith in  th e  n u c leo tid e  bases, once these are  lib e ra te d  
from  th e  im m o b iliza tio n  b y  H -b ridges (F igs 12, 13), on th e  c o n sid e ra tio n  th a t  
th e  re p e llin g  pow er of id en tica l charges w h ich  accu m u la te  a t  th e  lin k ag e  ends 
in  co n seq u en ce  of th e  p o la riza tio n , m akes th e  nucleic-acid  doub le-helices to  
desp ira lize . T h u s we can  ex p la in  b o th  th e  te ra to g en ic  an d  th e  m u tag en ic  
effec ts o f  ray s .

A lk y la tin g  agents as i t  is know n from  th e  l i te ra tu re , also b e a r  a specific  
in flu e n c e  on  D N A  (F ig . 13/a). T h e ir m ech an ism  o f action  is closely re la te d  to  
th a t  o f  ion iz in g  ray s , as ev idenced  b y  th e  tu m o u r  in h ib iting , tu m o u r  g e n e ra t­
ing , te ra to g e n ic  and  m u tag en ic  in fluences th e y  e x e rt in  in ten sitie s  d ep en d in g  
u p o n  th e  dose an d  its  w ay  of a d m in is tra tio n . N u m ero u s rep o rts  h av e  con firm ed  
th e  te ra to g e n ic  effect o f a lk y la tin g  ag en ts . S a l z b e r g e r  [23] o bserved  g rav e  
a b n o rm a litie s  of deve lo p m en t, m a in ly  in  th e  lim bs and  in  th e  b o n y  s tru c tu re
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of chicken em bryos, u n d er th e  effect of n itro g en  m u s ta rd . So d id  T a k a g a k i  
[24], J u r a n d  [25] con d u c ted  ch icken  em bryo  te s ts  w ith  tw o n itro g en  m u sta rd  
d e riv a tiv es  and  found  th e  n e u ra l p la te  and  som ite  cells severely  d am ag ed  by  
b o th , w ith  d iso rders of d iffe ren tia tio n  follow ing in  th e  o rgans. T estin g  o th e r 
d é riv â te s  in th e  m ouse em b ry o  [26], he found  th a t  th e  sam e tw o tissu e  typ es 
reac ted  m ost sen sitive ly . T he v a rio u s tissues ran g ed  in  a descend ing  o rd er of 
v u ln e rab ility  are  th e  n eu ra l p la te  m esoderm  an d  m esenchym a, en to d erm , 
ec toderm . Led b y  th e  resu lts  o f  th e ir  an im al ex p e rim en ts , F r iz  an d  N e y  [27] 
called a tte n tio n  to  th e  d an g er invo lved  in  th e  use o f c y to s ta tic s  d u rin g  th e  
early  phase of p reg n an cy . M u r p h y  et al. [28] con d u c ted  c o m p ara tiv e  te s ts  
concern ing  th e  effect o f 5 p o ly fu n c tio n a l a lk y la tin g  agen ts on r a t  a n d  chicken 
em bryos, and  observed  fre q u e n t d ev e lo p m en ta l d iso rders and  s tru c tu ra l 
changes. A l s ó n  [29] found  th e  h e a r t to  show  th e  earlies t signs o f abnorm al 
deve lopm en t u n d e r th e  in flu en ce  of a lk y la tin g  ag en ts . D isorders due to  th e  
effect of ТЕМ  w ere re p o rte d  b y  W a d d i n g t o n  [30], J u r a n d  [31, 32] and  
D a n k e l l  and  S c h u m a n n  [33]. T ö n d u r y  [46] ho lds th e  v iew  th a t  ribonucleic  
acid , while i t  is ab le to  p re v e n t v iru s-in d u ced  em b ry o p a th ie s , is ineffective 
a g a in s t th e  effect o f ТЕМ .

T oday  we h av e  com e to  realize  th a t  th e  b io logic effects o f rad io m im etic  
a lk y la tin g  ag en ts  som ehow  d ep en d  on th e  k in d  o f  th e ir  reac tio n  w ith  nucleo­
philic  chem ical g roups (Figs 14, 15, 16). T here  are  m an y  d iffe ren t nucleophilic  
g roups in  th e  cell, b u t  few o f th e m  e n te r  in to  re a c tio n s  in  vivo , i f  th e  a lk y la t­
in g  agen ts are  used  a t  pharm oco log ical c o n cen tra tio n s . I t  is th e re fo re  d ifficu lt 
to  assess A l e x a n d e r ’s e x p e rim e n ta l fin d in g s [3] w ho used  excessive doses 
w ith  th e  re su lt th a t  all nucleoph ilic  groups w ere a lky lized . U n d e r physio log­
ical conditions, as S t a c e y  [35] s ta te d  for th e  p ro te in s , we can  on ly  expec t 
th e  carboxyl g roups to  a lky lize  to  som e ap p rec iab le  e x te n t an d  i t  m ay  safely 
d isregard  to  w h a t e x te n t th e  am ino  and SH g roups do so. T estin g  nucleic acids, 
E l m o r e  e t al. [36] were th e  f i r s t  to  show  th a t  m u s ta rd  gas es terifies th e  
p r im a ry  p h o sp h a te  groups o f th e  D N A  and  R N A  m olecules. A l e x a n d e r  [7] 
in v es tig a ted  m a n y  o th e r a lk a ly tin g  agen ts an d  a rriv ed  a t  th e  sam e conclu ­
sion. St a c e y  [35] stu d ied  a lk y la tin g  ag en ts  for th e ir  in flu en ce  on D N A  
an d  found th e  sole reac tio n  th e y  provoke is to  m ake th e  p h o sp h o ru s groups 
to  esterify  to  a degree v a ry in g  w ith  th e  D N A  co n cen tra tio n , an d  inverse ly  
v a ry in g  w ith  th e  degree of th e ir  own hydro ly sis . S im ilar reac tio n s are tak in g  
p lace in R N A . T he c o n c e n tra tio n  of th e  a lk y la tin g  ag en ts  d e te rm in es th e  k ind  
o f reac tio n  th e y  induce in D N P : th e y  give rise  to  e s te rif ic a tio n  only  or to  
e s te rifica tio n  accom pan ied  b y  hydro lysis. A m ong th e  carboxy l g roups th a t  
occur in  D N P , th e  te rm in a l p o ly p ep tid e  is th e  on ly  one to  a lky lize . I t  follows 
th a t  th e re  is a g re a t difference betw een  th e  b io logical effects o f th e  m onofunc­
tio n a l and th e  po ly fu n c tio n a l a lk y la tin g  ag en ts  (F ig . 17): th e  fo rm er give 
rise only  to  in tram o lecu la r, th e  la t te r  are ab le  to  p roduce  in tra m o le c u la r  as
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w ell as in te rm o lecu la r cross lin k ag es. The in tra m o le c u la r  bondages b e a r  a de­
cisive in fluence  on th e  sp a tia l  c o n fig u ra tio n  of th e  m olecule, w hile th e y  leave 
m o le c u la r  w eight u n c h a n g e d ; th e  in te rm o lecu la r  bondages a lte r  b o th  m o­
le c u la r  w eig h t and sp a tia l c o n fig u ra tio n , m oreover, th e y  p re v e n t th e  D N A  
d o u b le  helices to  d esp ira lize  an d  th e  co m p lem en ta ry  linkage to  sy n th e ­
size — all th is  being o f g re a t consequence  in  p ro d u c in g  th e  b io logical effect.

F u n c tio n a l d iso rders o f  th e  nucleic  acids m a y  also be m ad e  responsib le  
fo r th e  te ra to g en ic  effects o f  p u r in e  an d  p y r im id in e -ty p e  antim etabolites. 
T h i e r s c h  [38] d e m o n s tra te d  th e  te ra to g en ic  p ro p e r ty  in  6 -m ercap to p u rin e ; 
K a r n o f s k y  [39], D a g g  [40] a n d  T e n c e r  [41] t h a t  o f 5 -flu o ru rac il an d  5- 
f lu o ro ro ta c id ; K a r n o f s k y  e t  al [42] o f 5 -flu o ru rac il, 5 -flu o ro cy tid in e  and 
5 -b ro m o x y u rid in e ; N i s h i m u r a  [43] an d  W a d d i n g t o n  [44] of 8 -azaguan ine .

A n tim e ta b o lite  p ro p e rtie s , accord ing  to  L a d i k  e t al. [45], a re  in h e re n t 
in  p u r in e  an d  py rim id ine  d é r iv â te s  essen tia lly  d iffering  in  e lec tron  s tru c tu re  
from  th e  correspond ing  p h y sio log ica l d ériv â tes . In c o rp o ra tin g  in to  th e  D N A , 
th e y  d is tu rb  those e lec tro n  in te ra c tio n s  betw een  th e  n u c leo tide  bases a r ra n ­
ged  one  above th e  o th e r, w h ich  b e a r  a decisive in fluence  on th e  elec tron  
s t ru c tu re ,  and  on th e  fu n c tio n  o f  th e  D N A  m olecule. T here  is ex p e rim en ta l 
ev id en ce  th a t  the  b io logical e ffec t o f  th e  p u rin e  a n d  p y rim id in e  a n tim e ta b o li­
te s  is p ro p o rtio n a l to  th e ir  a m o u n t in  th e  D N A  m olecule.

I n  o rd e r to  o b ta in  a fu lle r n o tio n  ab o u t th e  effect of ionizing ra y s  on the  
e m b ry o n a l tissues, we m u st n o t  leave  ce rta in  ray -in flu en c in g  fac to rs  ou t of 
c o n s id e ra tio n . M ost im p o r ta n t  am ong  th ese  is th e  gas-phase  in  w h ich  th e  
ra y s  a re  m ade to  w ork. In  a la rg e  v a r ie ty  of b io logical sy stem s th e  ion izing  
e ffec t is  enhanced  b y  O ,. A n o x ia  p rov ides a k in d  o f d is tin c t p ro te c tio n . The 
e m b ry o lo g ie  aspects o f th is  p ro b lem  have  been  discussed  b y  H o p k i n s  and  
T u t t l e  [47]. T heir g rap h s (F igs. 18, 19) d e m o n s tra te  th a t  th e  effect of 
io n iz in g  ray s  on b la s to d e rm a l g row th , d ev e lo p m en ta l in h ib itio n  a n d  acu te  
d e a th  o f  th e  chicken em b ry o , w idely  differs if  th e y  h av e  been ap p lied  in  an 
0 2 , a n o rm a l or an  N 2 a tm o sp h e re . T he sam e app lies for th e  m orpho log ical 
ch an g es  p roduced  by  such  ra y s . All th is  leads to  th e  s tu d y  of th e  m o st c u rre n t 
d o m a in  o f  ex p erim en ta l te ra to lo g y , th a t  o f th e  in fluence  of 0 2 u p o n  no rm al 
a n d  p a th o lo g ic a l d e v e lo p m en t, w ith  ad d itio n a l reference  to  its  s ig n ifican t 
ro le in  h u m a n  p a th o lo g y , a b o u t w h ich  m y colleague H o l l a n d  will re p o r t  in 
d e ta il. W h a t lends p a r t ic u la r  in te re s t  to  th e  p ro b lem  is th e  fa c t t h a t  0 2 con­
c e n tra t io n s  b o th  low er a n d  h ig h e r  th a n  n o rm al lead  to  pa th o lo g ica l changes. 
D e g e n h a r d t  [48] fo u n d  t h a t  th e  d ev e lo p m en ta l d iso rders in d u ced  by  
h y p o x ia  in  ra b b its  w ere p h ase -sp ec ific , th e  in ju ry  h av in g  been  co n fin ed  to  
th o se  o rg a n  p a rts  w hich  h a d  developed  a t  a m ax im u m  ra te  d u rin g  th e  
h y p o x ic  period . S im ilar re su lts  o b ta in e d  b y  L a n g m a n  [49] allow ed to  d raw  
c e r ta in  conclusions in  re sp ec t o f  h u m a n  p a th o lo g y . A b n o rm alities  o f d ev e lo p ­
m e n t in  th e  chicken em b ry o  e x p e rim e n ts  of B ü c h n e r  e t al [50] p re se n te d
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them selves m o stly  in  th e  b ra in , ch o rd a  an d  eye, less fre q u e n tly  in  k idneys, 
lim bs and  in  th e  in te s tin a l t r a c t .  I n g a l l s  and P h i l b r o o k  [51]  produced  
g rave  hypo x ic  d ev e lo p m en ta l d iso rd ers  in  fish , w ith  m a jo r f re q u e n c y  in  the  
eye and  b ra in , and  very  sev ere  ones in  m ice [52]. T he h y p o x ic  e ffec t was 
ap p rec iab ly  decreased  b y  h y p o th e rm ia . G r a b o w s k i  and  P a a r  [53] d is tin ­
guished , acco rd ing  to  th e  deg ree  o f h y p o x ia , th ree  phases o f th e  in ju ry  in 
ch icken  em bryos of th e  sam e age, viz. la te n t  in ju ries w ith  no a p p a re n t  ab n o r­
m a lity  a t b e tw een  100 an d  70 p e r cen t o f th e  norm al a tm o sp h e ric  oxygen 
c o n c e n tra tio n ; a second p h a se , c h a ra c te riz e d  b y  fre q u e n t d iso rd e rs  o f deve­
lo p m en t a t  co n cen tra tio n s  low er th a n  60 p er cen t o f th e  a tm o sp h e ric  and 
th e  th ird  as th e  le th a l p h ase  in d u ced  b y  excessive h y p o x ia . O x y g en  defi­
c iency  was fo u n d  capable  o f  p ro d u c in g  a w ide range of a l te ra t io n s , w ith  
scarcely  p e rcep tib le  defects a t  one end  o f th e  scale and  com p le te  m o n stro sities  
a t  th e  o th e r. D isorders of d ev e lo p m en t w ith in  th e  second p h ase  increased 
w ith  th e  decrease of oxygen  c o n c e n tra tio n , p resen ting  th em se lv es  in  even 
g rav er form  in  m ore an d  m ore em bryos. T he n u m b er of e m b ry o n a l ab n o rm a li­
ties grew as th e  exponen tia l fu n c tio n  of th e  num erica l d rop  o f o x y g en  concen­
tra tio n . I t  w as also found  t h a t  th e  em bryos grew m ore sen s itiv e  to  hypox ia  
as th e y  ad v an ced  in age. T h e  le th a l p h ase  of hypox ia , to o , is ch a rac te rized  
by  an  e x p o n en tia l re la tio n sh ip  b e tw een  th e  drop  of oxygen c o n c e n tra tio n  and 
n u m b er o f d e a th , and  b y  th e  fa c t th a t  o lder em bryos re a c t m ore  sensitive ly  
to  th e  h y p o x ic  effect. S tu d y in g  th e  in te rd ep en d en ce  betw een  th e  em b ry o ’s 
age and  its  sen s itiv ity  to  h y p o x ia , N e l s e n  [54] also a rriv ed  a t  th e  s ta te m e n t 
th a t  th e  b las to d erm , before fo rm a tio n  of th e  p rim itiv e  s tre a k , to le ra te s  oxygen 
deficiency m u ch  b e tte r  th a n  th e  em b ry o  does a t any  la te r  s ta g e  o f  develop­
m en t. W ith  ju s t  a sligh t q u a lif ic a tio n , th is  s ta te m e n t s tan d s  u n ch a llen g ed  by 
th e  obvious theo re tica l co n cep t th a t ,  u n d e r su b o p tim a l oxy g en  cond itions 
for those s tag e  o f d ev e lo p m en t, th e  y o u n g er the  em bryo , th e  g ra v e r  h a rm  is 
done to  it. Grabowski s g rap h s c learly  show  th a t  d isorders due to  low  oxygen 
co n cen tra tio n s  only develop in  v e ry  y o u n g  em bryos; o lder ones u su a lly  die 
from  it. In  o th e r  w ords, th e  l im it  o f th e  te ra to g en ic  oxygen c o n c e n tra tio n  d i­
m inishes, to  m ake w ay for a rise in th e  lim itin g  le th a l c o n c e n tra tio n , as the 
em bryo  develops. I f  we realize  th e  d ifference in body  volum e a n d  su rface  and 
th e  oxygen diffusion in  th e  in it ia l  an d  th e  m ore adv an ced  p e rio d s o f em b ry ­
onal life, wc will also realize t h a t  th e  sam e degree of oxygen  sh o rta g e  which 
gives rise to  a m alfo rm ation  in  th e  early  s tage , leads to  d e a th  a t  a la te r  stage 
of deve lo p m en t. R ü b s a a m e n  [55] a rr iv ed  a t  s im ilar conclusions from  his ex­
perim en ts.

The te ra to g en ic  effect o f  su p era tm o sp h eric  oxygen c o n c e n tra tio n s  has 
been s tu d ied  in  g rea test d e ta il b y  N e l s e n  [56, 57]. H is re su lts  c an  be sum m a­
rized as follow s. Chicken em b ry o s  from  in c ip ien t in cu b a tio n  till th e  la te  head- 
process s ta te  were able to  s ta n d  3 a tm  overpressure  (4 a tm . to ta l  pressure) 
w ith o u t p e rcep tib le  reac tio n , b u t  n ea rly  50 per cen t of th em  d ev e lo p ed  disor-
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tiers a t  5 a tm . o v erp ressu re  (6 a tm . to ta l p ressu re ). A t la te r  s tages, ran g in g  
fro m  th e  head-process s ta te  t i l l  th e  15—20 so m ite  s ta te ,  3 a tm . o verp ressu re  
w as to le ra te d  well, 4 a tm . o v erp ressu re  (5 to ta l)  p ro d u c e d  som e k ind  of d iso rder, 
6 a tm . overpressure g rav e  ch an g es, in a lm o st e v e ry  em b ry o . T he increased  
o x y g e n  tension  alone w as resp o n sib le  for all th e  e ffec t, because  n itro g en  gas of 
th e  sam e  pressure n o t o n ly  fa ile d  to  produce i t  b u t  w as even  found  to  p ro v id e  
a m easu re  of p ro te c tio n . A lso  im p o rta n t from  th e  th e o re tic a l p o in t of v iew  
w as th e  observation  t h a t  o x y g en  to lerance im p ro v e d  w ith  th e  decrease o f  
te m p e ra tu re . The areas m o s t sen sitiv e  to  h y p e ro x ia  w ere th e  eye, th e  fo reb ra in  
a n d  th e  m idb ra in . S im ila r  re su lts  were o b ta in e d  b y  Cr u z  an d  R o m a n o f f  
[58], a n d  R i d d l e  [59].

T h e  fac t th a t  b o th  h y p o x ia  and  h y p e ro x ia  g ive rise  to  dev e lo p m en ta l 
an o m a lie s , w hich v a ry  in  f re q u e n c y  and g rav en ess  n o t w ith  th e  ab so lu te  O., 
c o n c e n tra tio n  b u t w ith  th e  deg ree  of hypox ia  a n d  h y p e ro x ia , m akes i t  c lea r 
t h a t  th e  k ind  of re a c tio n  t h a t  w orks in th e  0 2 e ffec t d iffers from  a n y th in g  we 
h a v e  k n o w n  in classical c h e m is try . The ph en o m en o n  h as  been  n o ted  in  a v a r ie ­
ty  o f  biological sy stem s a n d  se t th e  necessity  to  f in d  o u t w h a t p a r tic u la r  
p ro p e r ty  of 0.2 m ay  a c c o u n t fo r  i t .  S zent-G yörgyi [60] w as th e  f irs t to  call 
a t te n t io n  to  the special re la tio n sh ip  betw een th e  e lec tro n  s tru c tu re  o f 0., 
a n d  i ts  biological fu n c tio n . T h e  oxygen m olecule, he found , w as one o f th e  
v e ry  few  m ateria ls w h ich  e x h ib it  param ag n e tic  p ro p e rtie s  in  th e  basic  s ta te . 
I n  te rm s  of electron s t ru c tu re  th is  m eans th a t  n o t  a ll e lec trons have co m p en ­
s a te d  sp ins, a lthough  th e y  o c c u r  in  even n u m b ers  in  th e  0., m olecule. A ccord­
in g  to  P a u li’s law  o f in h ib it io n , i t  is im possib le t h a t  tw o electrons of fu lly  
id e n tic a l s ta te  should  m o v e  a t  a tim e  along one o rb i t ;  i t  m ay  h ap p en  th a t  tw o  
e le c tro n s  o f iden tica l ch ief, su b sid ia ry  and  m a g n e tic  q u a n tu m s  describe th e  
sam e  p a th ,  b u t th e n  th e y  w ill necessarily  ro ta te  in  oppo site  d irec tions: th e ir  
sp in s  w ill be co n tra ry , th e i r  sp in  m om entum s c o m p e n sa te d  an d  th e  m olecules 
th e y  b u ild  up, free from  p a ra m a g n e tism . N o t so in  0 2 w here  th e  iden tica l s ta te  
a n d  th e  para lle l spin o f tw o  e lec tro n es w hich len d  a  m a g n e tic  m o m en tum  to  th e  
m o lecu le  even in  th e  a b sen ce  o f  an  ex ternal e lec tr ic  fie ld  o f force, give rise  
to  p a ram ag n e tism . T h is a c c o u n ts  for th e  read in ess  o f  0 2 to  en te r reac tio n s. 
T h e  ex p erim en ts  b y  S zen t-G y ö rg y i were th e  f i r s t  to  p o in t a t  th e  in fluence o f  
th is  u n u su a l e lectron  s t r u c tu r e  upon in te rm o le c u la r  energy  tran sfe r. T he 
e n e rg y  in ta k e  of a m olecu le  in  th e  process in  w h ich  th e  e lec tron  or e lec trons 
in d u ce  them selves to  a h ig h e r  energy  level w h e reb y  th e ir  sp ins u su a lly  rem a in  
u n c h a n g e d . Som etim es, h o w ev e r, induction  also m ak es th e  sp in  to  rev e rse , 
w ith  th e  re su lt th a t  th e  e le c tro n , ro ta tin g  now  in  th e  sam e d irec tion  as th is  
fo rm e r c o u n te rp a rt, c a n n o t re su m e  the basic s ta te  because  its  passage a long  
th e  o rig in a l o rb it is b a r re d , acco rd in g  to  P a u li’s law . T h is is w h a t we call th e  
e le c tro n ’s tr ip le t s ta te  a n d  i t s  s in g le t-trip le t tra n s fo rm a tio n  w hich bears m o ­
m e n to u s  consequences f i r s t ly  b y  leng then ing  th e  e x c ita tio n  period  up to  an y -
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th in g  less th a n  one m illion tim es, seco n d ly  b y  m ak in g  th e  m olecule p a ra m a g n e tic  
so th a t  i t  beh av es like a free rad ica l w ith  a h igh  cap ac ity  to  re a c t. T h e  sig n ifi­
cance o f th is  change in biological en e rg y  tra n s fe r  is obvious. T he rev erse  p ro ­
cess from  th e  tr ip le t  to  the  basic  s ta te ,  te rm e d  tr ip le t-s in g le t tra n s fo rm a tio n  
is again  associa ted  w ith  a change o f th e  e lec tro n  spin. Im p o r ta n t  from  th e  
angle o f b io logy w as th e  d iscovery  th a t  b o th  th e  s in g le t-trip le t a n d  th e  tr ip le t-  
s ing le t process p e rm it of a d ju s tm e n t. W h en ev e r a p a ra m a g n e tic  su b stan ce  
en te rs  a sy stem , causing  e lec tro m ag n etic  d e ran g em en t in  th e  su rro u n d in g s , 
i t  also changes th e  frequency  o f s in g le t- tr ip le t or tr ip le t-s in g le t tra n s fo rm a tio n . 
I t  is in te re s tin g  in  th is  respect to  n o te  t h a t  0„ an d  I., ten d  to  p ro d u ce  opposite  
re su lts : w hile 0 2 m akes the tr ip le t  u n s ta b le  a n d  favours tr ip le t-s in g le t t r a n s ­
fo rm a tio n , I 2 stab ilizes  the  tr ip le t  s ta te ,  en h an ces th e  reverse p rocess from  sin ­
g let to  tr ip le t. T here  is little  to  w onder th a t  b o th  substances — 0 2 on  i ts  ow n and  
I 2 as a co m p o n en t o f  th e  th y ro id  h o rm o n es — p lay  s ign ifican t ro les in  b io en e r­
getics an d  a n y  d efect in  th e ir  su p p ly  g rav e ly  affects em bryonal d ev e lo p m en t. 
W W thy  of n o te  is th e  fac t th a t  in  m a n y  b io logical system s th e  e ffec t o f  NO is 
analogous to  th a t  o f 0 2; th is  is th e  m ore  s tr ik in g  because th e  on ly  fe a tu re  th a t  
th e  tw o  k inds o f m olecule share  is th e  p resen ce  o f  electrons w ith  non -co m p en - 
sa te d  sp in , m ak in g  them  b o th  p a ra m a g n e tic . Sum m ing up  w h a t we know  
a b o u t no rm al in te rm o lecu la r en erg y  tra n s fe r , th e re  is need fo r a d e f in ite  0 2 
c o n c e n tra tio n  from  w hich d ev ia tio n s to  e ith e r  side gravely  a ffec t th e  essen tia l 
m echan ism  o f v ita l processes an d  lead  to  m alfo rm ations in  th e  course of 
e m b ry o n a l d ev e lo p m en t. 0., th e re fo re  p lay s a decisive role in  b ioen erg e tics  
n o t on ly  as fin a l e lectron  accep to r b u t  also  as p reserver of th e  su b m o lecu la r 
s tru c tu re  w hich  is th e  h inging p o in t in  th e  process of in te rm o le c u la r  and  
in tra m o le c u la r  energy  tran sfe r.

*

T he aim  o f m y  own in v es tig a tio n s  w as to  fin d  a m ore e x a c t ev idence  for 
th e  te ra to g en ic  n a tu re  of o th e r  th a n  n o rm al biologic energy  tra n s fe rs . T he 
s ta in  I  found  to  serve m y pu rpose  b es t w as Jan u sg reen -B  (Jg B ), long  know n 
as a v ita l m ito ch o n d ria l s ta in  o f th e  organelle  of p a ra m o u n t im p o r ta n c e  in 
biological o x id a tio n  processes. In  a d d itio n , as I h ad  d e m o n s tra te d  in o th e r 
bio logical sy stem s, th e  dye causes g rav e  changes b y  d am ag in g  th e  energy  
tra n s fe r  of th e  substance .

In  th e  f irs t  group of e x p e rim e n ts  [61] I have show n th e  te ra to g e n ic  
p ro p e r ty  of Jg B , in  th e  second I tr ie d  to  c la rify  th e  m echanism  o f ac tio n . As to  
th e  f irs t  p o in t, I succeeded in  p ro d u c in g  27 d iffe ren t k inds o f d ev e lo p m en ta l 
ab n o rm alitie s  an d  found th a t  th e  te ra to g e n ic  effect on th e  ch ick en  em bryo  
o f Jg B  was m uch  stronger th a n  th a t  o f  sc a rle t red , safran ine , m a la c h ite  green 
or lith iu m  chlo ride . The d iso rders w ere o f w idely  d ifferen t n a tu re ,  ran g in g  
from  m ildest d e fo rm ity  to  co m p le te  m o n s tru o s ity . T heir f req u en cy  an d  g rav -
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i ty  v a r ie d  g re a tly  w ith  th e  p o in t o f tim e  o f a p p lic a tio n . All th e  27 ta b u la te d  
fo rm s o f a b n o rm a lity  p re sen ted  them selves o n ly  w hen  th e  s ta in  h a d  been  
m ad e  to  e n te r  th e  egg d u rin g  th e  in itia l p h ase  o f  in c u b a tio n . T re a tm e n t a f te r  
24 h o u rs  o f in c u b a tio n  in d u ced  only  16 ty p e s  o f  d efo rm ity , a f te r  48 h o u rs  
o n ly  7 a n d  a fte r  72 h o u rs  on ly  5 ty p es.

T o  e lu c id a te  th e  m echanism  o f  action , I s tu d ie d  th e  dye d is tr ib u tio n  an d  
re d u c tio n  o f th e  dye  in  th e  ch icken  b la s to d e rm  a n d  found  th a t  th e  dye  d id  n o t 
sp re a d  over th e  w hole lay e r, th o u g h  i t  w as free to  do so, b u t was b o u n d  in  
fa irly  w ell c ircum scribed  areas and  reduced  to  a colourless leukobase. In  em b ry o s 
o f th e  sam e age, th e se  dye  b in d in g  areas a lw ays p re se n te d  th e  sam e sh ap es in  
th e  sam e loca tio n s. T h e ir  d isp lacem en t th e re fo re  allow s to  in fer th a t  th e se  
a reas  a re  o f a m orphogen ic  c h a ra c te r  an d  m o st lik e ly  develop a long tim e  b e ­
fore a n y  m orphogen ic  change becom es a p p a re n t. In  th e  figures we can  d is t in ­
gu ish  tw o  ty p e s  o f b la s to d e rm  area : tho se  to  w h ich  th e  dye is f irm ly  b o u n d  
w ith o u t u n d erg o in g  re d u c tio n  an d  th o se  w hich  red u ce  th e  dye. My ow n f in d ­
ings as also th o se  o f  Cooperstein  and  Lazarow , Showackre  and D u B u y , h av e  
show n t h a t  re d u c tio n  o f  th e  dye has a lw ays to  be  in te rp re te d  as a sign  o f 
ac tiv e  d eh y d ro g en ase  fu n c tio n ; th e  fin d in g s also seem  to  prove th a t  ev e ry  
v isib le  m orpho log ic  ch an g e  is p receded  b y  tw o  p h ases  of subm icroscopic a l te r ­
a tio n , n a m e ly  th e  chem ical syn thesis  o f su b s ta n c e s  capab le  of b in d in g  Jg B , 
fo llow ed b y  th e  d ev e lo p m en t o f dehydrogenase  a c tiv ity . The specific te m p o ra l 
c h a ra c te r  o f m a lfo rm a tio n s  induced  b y  Jg B , co nsidered  to g e th e r w ith  th e  
te m p o ra l ap p ea ran ce  o f  s ta in  b ind ing  a reas, m ak es i t  u n d e rs tan d ab le  w h y  
c e r ta in  k in d s  o f d ev e lo p m en ta l d isorders on ly  p re se n t them selves u p o n  e x p o ­
sure b e tw een  0 an d  24 h o u rs  of in cu b a tio n , w hile  o th e rs  are likely to  develop  
a t  a m u c h  la te r  p o in t o f tim e .

In v e s tig a tio n s  in to  th e  te ra to g en ic  m ech an ism  o f action  have ra ised  tw o 
q u es tio n s , v iz . w h ich  is th e  cell co m p o n en t b in d in g  th e  dye, and  w h a t basic  
processes does th e  b o n d  in te rfe re  w ith? To th e  f i r s t  question  th e re  is no 
d ire c t an sw er in  th e  l i te ra tu re . T here w ere e x p e rim e n ts  concerned w ith  th e  dye  
red u c in g  p ro p e rtie s  o f  th e  m an y  d iffe ren t d eh y d ro g en ase  typ es in  iso la te d  
co n d itio n  b u t  th e y  fa iled  uneq u iv o ca lly  to  e s ta b lish  th e  p a rtic u la r  ty p e  or 
ty p e s  t h a t  w ould  red u ce  Jg B  in  v ivo ; m uch  less h as  th e re  been a tte m p te d  to  
d e te rm in e  th e  s ite  o f b o n d ag e  in  vivo. L e t us ig n o re  th e  con trad ic tio n s in  th e  
l i te ra tu re  an d  p u t  th e  q u es tio n  like th is : Is i t  th e  m ito ch o n d riu m  alone th a t  
b inds J g B  in  vivo  a n d  acco u n ts  for th e  v ita l  s ta in in g  m echanism , or is i t  th e  
en tire  cell t h a t  does so? In  th e  la t te r  case w h a t m ak es th e  m ito ch o n d riu m  on ly  
rem ain  in  th e  s ta in e d  s ta te ,  if  n o t th e  presence of th e  citochrom e system  w hich  
c o u n te ra c ts  th e  dye re d u c tio n  process?

In  co llab o ra tio n  w ith  D r. Udvardy  we h av e  succeeded  in  se p a ra tin g  th e  
p a r tic u la r  lip o p ro te in  com plex  th a t  rep resen ts  th e  sole dye b ind ing  co m p o n en t 
of th e  m ito c h o n d riu m  in  a v a r ie ty  o f b iologic su b stan ces . I  found  m a te ria l
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to  be id en tica l w ith  th e  s tru c tu ra l p ro te in  Green e t al h ad  iso lated  from  m ito - 
chondrium . In  a second series o f m odel e x p e rim e n ts , using m ouse a m y ta l 
ascites cells, w h ich  are  n o t liable to  d am age b y  th e  iso la tion  process, we h av e  
show n in  vivo t h a t  all th e  dye links itse lf  to  th e  m ito ch o n d riu m , m ore p a r t ic ­
u la rly  to  its  s tru c tu ra l  p ro te ins.

To u n d e rs ta n d  w h a t essen tia l processes th e  b in d in g  dye in te rfe res w ith , 
le t us b riefly  su rv e y  th e  function  o f th e  s tru c tu ra l  p ro te in . A bou t 50 p e r cen t 
of th e  p ro te in  in  th e  m ito ch o n d riu m  is c h a ra c te riz e d  b y  th e  absence o f enzym e 
a c tiv ity  and  b y  a read iness to  po lym erize. T h e  ty p e s  o f reac tio n  fall in to  th re e  
groups, accord ing  as th e  s tru c tu ra l p ro te in  m olecules polym erize am ong  th e m ­
selves or w ith  o th e r  m ito chondria l p ro te in s  (m a in ly  w ith  th e  c itoch rom es) 
or are h o u n d  to  phospholip ids (F ig . 21). T h u s  th e  s tru c tu ra l p ro te in s  are  
function ing  n o t on ly  as coupling links b e tw een  sev era l com ponents o f th e  ele­
m en ta ry  p a rtic le s  responsib le  for e lec tro n  t r a n s p o r t ,  h u t  also c o n s titu te  an  
essential p a r t  o f th e  m ito ch o n d ria l m em b ran es  to  w hich are  linked b o th  th e  
e lem en ta ry  p a rtic le s  an d  th e  p r im a ry  d eh y d ro g en ase  com plexes. E le c tro n  
tra n sp o r t, a long  w ith  energy tra n s fe r , is e ffec ted  across th e  bridge t h a t  th e  
s tru c tu ra l p ro te in s  h o u n d  to  lip ids fo rm  b e tw een  th e  enzym es of th e  re sp i­
ra to ry  chain . W h a t happens w hen som e fo re ign  m a te r ia l, ac tu a lly  Jg B , in c o r­
p o ra te  th e  s t ru c tu ra l  p ro te in  m olecule? T he p a r t ic u la r  k ind  of m olecule w hich 
includes a c o n ju g a te d  double bond  sy stem , i.e . a delocalized  я -electron  sy s tem  
and  w hich — as I  have  d em o n stra ted  in  o th e r  ty p e s  of biological sy s tem s 
-  exerts  an  in flu en ce  on th e  energy  tra n s fe r  reac tio n s , form s a p a th o lo g ic  

sh u n t, o b s tru c tin g  elec tron  passage an d  m a n ife s tin g  itse lf  m orpho log ica lly  
w ith  a d e fo rm a tio n . The s tro n g est ev id en ce  for th is  action  m ech an ism  
have been fu rn ish ed  by  V e r b r o d y  [62] a n d  b y  D i a n z a n i  and  S c u r o  [63] 
who d e m o n s tra te d  th a t  Jg B  acts  as an  u n co u p lin g  su b stan ce  in re sp e c t of 
ox id a tiv e  p h o sp o ry la tio n .

A t th is  p o in t I  have to  refer once m ore  to  N elsen 's  ex p erim en t a n d  to  
call a t te n tio n  to  th e  fac t th a t  th e  sam e k in d  o f p rev en tio n  he d e m o n s tra te d  
in  the  case o f N , co u n te rac tin g  th e  te ra to g e n ic  effect o f 0., was o b se rv ed  in 
connection  w ith  H , H e, Ne, A r an d  X e, th o u g h  th e re  w ere w ide d ifferences in 
th e  degree o f p ro te c tio n . The la s t m en tio n ed  gas, for in stance , w as 60 tim es 
m ore ac tive  th a n  H„. W h at m ain ly  bears  u p o n  o u r p resen t inqu iries, is th a t  
lh is a c tiv ity  o f  th e  said  gases v a ry  in  p ro p o rtio n  to  th e ir  lip id  so lu b ility . Since 
it  is a t th e  m ito ch o n d riu m  th a t  energy  tra n s fe r  is a t  its  s tro n g est w ith in  th e  
en tire  cell, fu rth e rm o re  considering th e  s ig n if ic a n t role th a t  th e  m ito ch o n d ria l 
lipids are p lay in g  in  th e  process, th e re  is l i t t le  to  w onder a t th e  g re a t effec­
tiveness c h a ra c te riz in g  these  gases o f very  close e lec tro n  s tru c tu re .

T he 0  , m olecule, as we have seen, e x e r ts  a decisive influence u p o n  energy  
tran sfe r. T he q u estio n  arises: does or does n o t th is  in fluence the  te ra to g e n ic  
effect o f  Jg B ?  Seak ing  for the  answ er, I  t r e a te d  ch icken  em bryos w ith  Jg B
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a n d  su b se q u e n tly  d iv ided  th e  eggs fo r in c u b a tio n  in to  th ree  g roups. T hose  of 
g ro u p  1 w ere p laced im m ed ia te ly  in  a ir: th e  eggs of group 2 w ere ex p o sed  to  
p u re  0 2 fo r 15 m inu tes an d  th o se  o f g roup  3 to  N 2 for a p p ro x im a te ly  60 m in ­
u te s , lo n g  enough to  reduce th e  dye in to  th e  leukobase . A fter ex p o su re  a ll th e  
eggs w ere  in cu b a ted  in  air. T h e  m alfo rm a tio n s  observed in  th e  th re e  g roups 
w ere  w id e ly  d iffe ren t b o th  in  freq u en cy  o f  occurrence an d  degree o f sev e rity . 
In  g ro u p  3 no defo rm ity  w h a te v e r  h ad  a risen , as w as to  be foreseen  on b ase  of 
th e  ex p e rien ce  gained in  co n n ec tio n  w ith  o th e r  biological sy stem s, t h a t  re d u c ­
tio n  in to  th e  leukobase m ak es th e  dye in e ffec tiv e . P re in c u b a tio n  in  p u re  О , 
(g ro u p  2) p ro d u ced  ab n o rm alitie s  in  n ea rly  ev e ry  specim en. M uch few er and  
fa r  less severe  w ere th e  m a lfo rm a tio n s  in  th e  a ir-in cu b a ted  eggs o f g ro u p  1. 
A m o re  d e ta iled  accoun t o f  th is  q u es tio n  w ill be given by  D r. E rd é ly i.

*

A n  in te rfe ren ce  w ith  th e  energy  su p p ly  d u rin g  deve lopm en t also ex p la in s  
th e  te ra to g e n ic  effect of in su lin  [64, 65] . Som e au th o rs  d e m o n s tra te d  t h a t  one 
sing le  dose  o f insu lin  suffices to  ind u ce  la s tin g  hypog lycaem ia in  th e  em b ry o  
[66, 67, 6 8 ] .  Z w i l l i n g  [68] fo u n d  a re la tio n sh ip  betw een  th e  level o f h y p o g ly c ­
aem ia  a n d  th e  frequency  an d  se v e rity  o f d ev e lo p m en ta l d iso rders. L a n d a u e r  
[69] w as  th e  f irs t to  claim  th a t  th e  te ra to g e n ic  effect of insu lin  can  be c o m p en ­
s a te d  w ith  n ico tinam ide or a -k e to g lu ta r ic  ac id . T he observ a tio n  th a t  in su lin  
n o t o n ly  in d u ces h y pog lycaem ia  b u t  also show s a ce rta in  fu n c tio n a l re la tio n sh ip  
w ith  th e  uncoup ling  su b stan ces  of o x id a tiv e  p h o sp h o ry la tio n  [99, 100, 101], 
led  L a n d a u e r  and  Cl a r k  [71] to  s tu d y in g  som e of these su b stan ces fo r  th e ir  
e ffec ts  u p o n  te ra to g en ic  in su lin  a c tiv ity . T h e  te s ts  were p erfo rm ed  m o st s u i t ­
ab ly  w ith  ch lo rp rom azine  w hich , as D a w k i n s  [98] has show n p re v e n ts  th e  
e le c tro n  to  pass from  th e  re d u ced  D P N H  to  th e  citochrom e C, L a n d a u e r  
fo u n d  t h a t  even low doses o f ch lo rp ro m az in e  w ere in ten siv e ly  en h a n c in g  th e  
te ra to g e n ic  insu lin  effect. H is ex p e rim en ts  c la im  increased  a tte n tio n , co n sid e r­
in g  th e  sign ificance S zen t-G yörgy i a tta c h e d  to  ch lorprom azine in  th e  process 
o f e n e rg y  tra n s fe r , owing to  i ts  pecu lia r e le c tro n  s tru c tu re .

A m o n g  th e  various fac to rs  d iscussed  a t  g rea t len g th  an d  d esc rib ed  as 
n e c e ssa ry  fo r th e  m a in ten an ce  o f a no rm al en e rg y  tran sfe r, we fa iled  so fa r  to  
m e n tio n  a v e ry  im p o r ta n t one, water. I t  w as ag a in  Szent-G yörgyi w ho , se tt in g  
o u t in  h is  ex perim en ts from  th e  dipole n a tu re  o f th e  w a te r m olecule, gave  th e  
f i r s t  d e sc r ip tio n  of th e  w a te r  s tru c tu re  ta k in g  shape w ith in  th e  cell, and  
d e m o n s tra te d  th a t ,  w henever a su b stan ce  d isa rran g es th is  s tru c tu re , i t  also 
b rin g s  a h e a v y  change in  th e  physio log ica l p rocess of energy tra n sfe r . L ith iu m  
h as  b e e n  kn o w n  for n ea rly  one c e n tu ry  as a su b stan ce  of th is  k in d , h av in g  
a te n d e n c y  to  cause d e fo rm aities. R a n z i  [102] fu rn ished  th e  e x p e rim e n ta l 
ev id en ce  t h a t  lith iu m , b y  d iso rgan iz ing  th e  w a te r  s tru c tu re , p re v e n te d  p ro te in  
a n d  r ib o n u c le ic  acid from  d é n a tu ra t io n  b y  u re a  an d  claim ed th a t  th e re  ex is ts
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a close re la tio n sh ip  b e tw een  th is  k ind  of in h ib itio n  an d  th e  deve lopm en t of 
abno rm alities .

All these  ex p erim en ts  te s tify  th a t  n o rm al d ev e lo p m en t can  only ta k e  
place w ith in  a h igh ly  o rgan ized  s tru c tu re , in v o lv in g  a considerab le  am o u n t 
of energy , a t  a fu lly  in ta c t  s ta te  o f th e  b io logical en erg y  tra n sfe r  system : 
and  in v erse ly , energy  tra n s fe r  can  never be p e rfec t w ith o u t a h igh ly  organized 
s tru c tu re . W h en ev er, b y  an y  in fluence , one o f th e  fac to rs  is p u t  ou t of th e  
norm al s ta te , i t  u p se ts  th e  b a lance  and  gives rise  to  d ev e lo p m en ta l disorders.

N um erous re p o rts  in  th e  lite ra tu re  h av e  been  concerned  w ith  m alfo r­
m ations due to  vita m in  dejiciencies. Since v ita m in s , acco rd in g  to  ou r p resen t 
know ledge, a re  coenzym es assoc ia ted  w ith  enzym es p la y in g  a s ign ifican t role 
in  cellu lar m e tab o lism , i t  is n o t su rp rising  th a t  th e ir  absence bears  decisively 
upon  th e  n o rm a l course o f d eve lopm en t. The m ost in s tru c tiv e  w ay  to  s tu d y  th e  
te ra to g en ic  effect o f  v ita m in  deficiency is b y  th e  a n tiv ita m in  techn ique , 
A c k e r m a n n  an d  T a y l o r  [70], ad m in iste red  3 -a c e ty lp y rid in e  to  induce n ico­
tin am id e  d efic iency  an d  observed  grave d ev e lo p m en ta l d iso rders to  arise, an  
effect w hose sp ec ific ity  was bo rne  ou t by th e  c o m p e titiv e  an tag o n ism  betw een  
3 -ace ty lp y rid in e  an d  n ico tin ic  acid . L a n d a u e r  a n d  C l a r k  [71] caused  a b n o r­
m alities w ith  a n o th e r  n ico tin am id e  analogue, 6 -am in o n ico tin am id e . W ith
2,4 d im e th y l-3 h y d ro x y -5 -h y d ro x y m e th y l p y rid in e , C r a v e n s  an d  S n e l l  [72] 
p roduced  a s ta te  of v ita m in -B (. deficiency, in v o lv in g  a g rave  dam age to  
em bryonal d ev e lo p m en t. T he effect was th e  m ore  in te n s iv e , th e  younger th e  
em bryo  w as a t  th e  tim e  of exposure , b u t becam e o f course com p en sa ted  u n d e r 
v itam in -B 0 supp lies. M ethoxy-py ridox ine  an d  d e so x y p y rid o x in e  proved  in 
chicken em b ry o  te s ts  to  be p o te n t v itam in -B 6 a n ta g o n is ts  [73]. T here  is p le n ty  
of ev idence th a t  folic acid is essen tia l to  n o rm a l e m b ry o n a l deve lopm en t 
[74, 75] an d  th a t  its  absence m ay  be th e  source o f  m a n y  d iffe ren t and  grave 
defo rm ities, especia lly  in  th e  osseous system . U sing  folic acid an tag o n is ts  
K a r n o f s k y  e t al. [77] in d u ced  developm en ta l d iso rd e rs , while S n e l l  an d  
Cr a v e n s  [78] succeeded  in  c o u n te rac tin g  th e  te ra to g e n ic  effect w ith  th y m id in e  
or th y m id in e  an d  h y p o x a n th in e  com bined  w ith  desoxyribose . S im ilar re su lts  
were ach ieved  b y  N a b e r  e t al. [76], B io tin  sh o rta g e  m ay  be a n o th e r  cause of 
grave ab n o rm a lite s  [79 ,80 ], G i r o u d  c t al. [8 1 ,8 2 ] re p o rte d  m alfo rm ations due 
to  th e  lack  o f p a n to th e n ic  ac id . W a r k a n y  a t t r ib u te s  sign ificance in  h u m an  
patho logy  to  th e  te ra to g en ic  e ffec t of hypo- a n d  h y p e rv itam in o sis  A.

N um erous re p o rts  [84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94] on the  dev e l­
o p m en t o f defo rm ities  in  h u m an s and  an im als a f te r  t r e a tm e n t  w ith  thalido­
m ide , th e  se d a tiv e  also know n as C ontergan , ca lled  a t te n tio n  to  th e  conse­
quences of v itam in -d e fic ien cy  s ta te s  and th e  effect o f a n tiv ita m in s . L e c k  and M i l ­
l e r  [95], s tu d y in g  th e  ac tio n  m echanism , n o ted  th a t  th e re  is m uch resem blance 
in c lin ical sy m p to m s betw een  th e  effect of th a lid o m id e  u p o n  h u m an s and  th a t  
o f rib o flav in  defic iency  upon  ra ts . This ex perience  in d u ced  M i t v e d t  [96]
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to  s tu d y  th e  tha lidom ide  e ffec t on ribo flav in -co n su m in g  b a c te r ia ; he found 
t h a t  th e  th a lid o m id e  c h an g ed  th e  g ro w th  curve o f b a c te r ia  m o st d is tin c tly  
w h e n e v e r  riboflav in  w as th e  g ro w th -lim itin g  fac to r, b u t  le ft i t  p rac tica lly  
u n a l te r a tc d  w henever it  w as n ic o tin a m id e  or b io tin . Fig. 22 show s th e  s tru c ­
tu re s  o f  th a lid o m id e  an d  r ib o fla v in , b o th  con ta in in g  th e  -C O -N H -C O - group. 
S ince th e  -N H  group is one o f  th e  s ites w here th e  coenzym e is b o u n d  to  the 
a p o e n z y m e , su b s titu tio n  o f r ib o fla v in  w ith  th a lid o m id e  is a p t  to  produce 
g ra v e  ch an g es in  th e  enzym e fu n c tio n . W a r k a n y ’s ex p e rim en ts  [97] also reveal 
w h y  th e  lim bs, especially  th e  osseous s tru c tu re s , are th e  m o st f re q u e n t loca­
tio n s  o f  tha lidom ide  d e fo rm itie s . H e  found  th a t  th e  fu n c tio n  o f ribo flav in  
w as m a in ly  in  th e  process o f  d iffe re n tia tio n  w hich obv iously  req u ire s  m ore 
e n e rg y  th a n  any  o th e r; so th e  la c k  of ribo flav in  c o u n te ra c ts  m esenchym al 
d if fe re n tia tio n  during  th e  p rocess o f desm oid bone fo rm a tio n .

H ere  ends m y re p o rt in  w h ich  I on ly  to u ch ed  u p o n  a few  c u r re n t p ro b ­
lem s o f te ra to g en esis , as I h a d  in d ic a te d  in  th e  title . M any te ra to g e n ic  su b ­
s ta n c e s  h a v e  n o t even been  m e n tio n e d , ex cep t by  som e causa l re fe rence  in  the  
ta b le s . T h e  aspect u n d e r w h ich  I  se lec ted  for d iscussion a few  ag en ts  o u t of 
th e  m u lt i tu d e , was th e  in q u iry  in to  th e ir  general ac tio n  m echan ism . W h atev er 
o u r  in te rp re ta t io n  of these  m ech an ism s, th e  question  is open  to  d iscussion  and 
n eed s  to  he argued  ab o u t. W h a t I  w ish to  em phasize in  conclusion  is the 
n eed  fo r  a com plex view  o f th e  p ro b lem , in  w hich s tru c tu re  an d  fu nc tion  
cease to  co n s titu te  sep a ra te  co n cep ts  an d  form  p a rts  of a h ig h er u n ity , w hich 
is th e  essence of th e  n a tu ra l  p h en o m en o n .

R E L A T O R

Gy. Kiszely

(Institu te of B iology, U niversity  Medical School, Szeged)

M olecu lar-B io log ica l A spects o f  H ered ity

S cien tific  discoveries o f th e  la s t decade, by  disclosing th e  ch e m is try  and 
th e  m o lecu la r p a tte rn  o f b io log ica l s tru c tu re s , h av e  en ab led  us to  fin d  the 
c o n n e c tio n  betw een th ese  s tru c tu re s  and  th e  fu n d a m e n ta l, te rm in a l fac to rs 
o f  th e  fu n c tio n s . I t  has becom e c lear t h a t  specific m o lecu lar s tru c tu re s  m u st be 
re g a rd e d  as th e  u ltim a te  ca rr ie rs  o f all b iological fu n c tio n s . R eco g n itio n  of 
th is  p rin c ip le  has given rise to  m o lecu la r biology.

I t  is ex ac tly  in  re sp ec t o f  one o f th e  m ost obscure b io logical processes 
t h a t  m o lecu la r biology has ach iev ed  th e  m ost s trik in g  re su lts , v iz. in  respect 
o f  th e  m u c h  s tu d ied  an d  e x tre m e ly  in tr ic a te  process of h e re d ita ry  tran sm issio n , 
in  th e  cou rse  of w hich liv ing  o rg an ism  tra n s m it  som e of th e ir  p ro p e rtie s  to  th e ir  
d e sc e n d a n ts . H e red ita ry  tra n sm iss io n  — “ biological m em o ry ”  — preserves 
c e r ta in  ra c ia l p roperties, in d iv id u a l ch a rac te rs  and  an a to m ica l an d  physio log ­
ica l ch a ra c te ris tic s , so th a t  i t  ensu res th e  c o n tin u ity  o f th e  species an d , by
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w ay  of in d iv id u a l v a r ia tio n s  as also th ro u g h  changes occurring  d u rin g  life, is 
a t  th e  sam e tim e  a s ig n if ican t fac to r in  th e  ev o lu tio n  o f th e  species.

W hen cy to logy  reach ed  th e  m olecular level or, in  o th e r w ords, w hen  
subm iscroscopy  rev ea led  som e m orphological an d  b iochem ical s tru c tu re s  
govern ing  specific ce llu la r functions, m o lecu lar b io logy  has alloved a deep er 
in sigh t in to  the  m ech an ism  of h e red ita ry  tra n sm iss io n . M odern genetics, called  
also m olecular genetics, h a s , th u s , developed in to  a sep a ra te  b ran ch  o f m o le­
cu la r biology.

All in h e rite d  m orpho log ica l p ro p erties  o f  th e  liv ing  organism , all i ts  
inh erited  b eh av io u ra l m an ife s ta tio n s  can, acco rd in g  to  th e  princip les o f m o lec­
u la r biology, be tra c e d  to  th o se  processes w h ich , occurring] on th e  m o lecu la r 
level, have  fo rm ed  th e  bio logical s tru c tu re s  a n d  th e  m orphological fea tu re s  of 
th e  given o rgan ism  in th e  course of on togenesis , biological s tru c tu re s  ab le  to  
perform  th e  given n o rm a l or pathological fu n c tio n s .

E xpressed  in  a s im p le r form , th e  essence o f h e re d ita ry  tran sm iss io n  is 
th e  in h e rited  c a p a c ity  o f th e  descendan t to  develop  its  s tru c tu re s  an d  evo lve 
its  functions in th e  likeness o f its p rogenitor.

W h a t is in h e rite d  a re  n o t th e  p ro p e rtie s  th em selv es  b u t, so to  say , th e  
program  of th e  p ro g e n ito r’s p roperties, th e  d isp o sitio n  to  develop th ese  p ro ­
perties. I f  an d  to  w h a t e x te n t  th e  “ p ro g ram ”  is th e n  realized  depends, a p a r t  
from  th e  ex istence  o f a n  a d e q u a te  o rgan ism , on a m u ltitu d e  of fav o u rab le  
an d  u n fav o u rab le  en v iro n m e n ta l factors. M odern  genetics avails itse lf  o f th e  
concepts an d  th e  th e o ry  o f cybernetics: h e re d ita ry  tran sm issio n  requ ires gene­
tic  in fo rm atio n  (p ro g ram ), a system  su itab le  fo r th e  read in g  and  th e  ex ecu tio n  
of th e  in fo rm a tio n , fu r th e r  ad eq u a te  co n d itio n s  o f life, i.e. th e  ex is ten ce  o f 
exogeneous fac to rs  w h ich  arc  in the  service o f  th e  execu tive  system . A gain , 
genetic  in fo rm a tio n  c a n n o t be received a n d  p reserv ed  unless th e re  ex is ts  
a biochem ical s tru c tu re  w h ich  by u tiliz ing  a few sim ple “ sings”  and  co m b in ­
ing them  in all possib le w ays — is capable  o f  s to rin g  (encoding) all th e  in fo r­
m ations concern ing  th e  h e re d ita ry  p ro p ertie s . I t  follows th a t  (using once m ore 
th e  te rm ino logy  of cy b ern e tic s) the  ex ecu tiv e  sy s tem  m u st be able to  “ re a d ” 
th e  code, to  in s t i tu te  th e  processes p rescribed  b y  th e  in fo rm atio n , and  i t  m u s t, 
a t  the  sam e tim e , posses a ce rta in  e la s tic ity  so as to  a d a p t itse lf  to  in cessan t 
changes in th e  re la tio n sh ip  betw een liv ing o rgan ism s and  th e ir  en v iro n m en t. 
I t  is th is  e la s tic ity  w hich  ensures th e  o rg a n ism ’s a d a p ta b ili ty , and  i t  is th is  
e la s tic ity  w hich en su res  th e  n o n -h e red ita ry  phenom enon  o f v a r ia b ili ty .

The v ita l fu n c tio n s  o f th e  organism , d ev e lo p m en t an d  g row th  in  th e  
course o f on togenesis, a re  due  to  m etabolic  processes. These in h erited  specific  
and  in d iv id u a l processes are  governed in  th e  in tr ic a te  biochem ical p ro to p lasm ic  
s tru c tu re s  b y  an  o rg an ized  system  of e n z y m a tic  ac tiv itie s . T he sy n th es is  o f 
enzym e p ro te in s  i.e. th e  ex ecu tiv e  system  c o n s titu te s , therefo re , a t le a s t p a r t  
o f th e  process o f h e re d ity .
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T h e  syn thesis  of p ro te in s  is kn o w n  to  depend  on th e  specific  s tru c tu re  
a n d  th e  a c tiv ity  of ribonuc le ic  acids (R N A ). The base tr ip le ts  o f th e  R N A  
m o lecu les de term ine  th e  o rd e r in  w hich  th e  am ino acids are lin k ed  on  th e  
su rfa c e  o f  th e  ribosom es, th e  subm icroscop ic  cell organelles w h ich  co n ta in  
likew ise  R N A . One ty p e  o f th e  R N A  m olecules carries, th e re fo re , in fo rm a ­
tio n  re g a rd in g  th e  sequence o f  am ino  ac ids in  th e  course o f p ro te in  sy n th es is . 
R N A  b e lo n g s to  th e  ex ecu tiv e  sy s tem  since i t  is n o t capab le  o f re d u p lic a tio n : 
i ts  sy n th e s is  occurs on th e  su rface  o f th e  n u c le a r  deoxyribonucle ic  ac id  (D N A ) 
m olecu les . T he in fo rm atio n  co n cern in g  p ro te in  syn thesis is, th u s , p rim a rily  
la id  d o w n  in  th e  D N A  m olecules o f th e  cell nucleus, in  th e  sequence  o f  th e  
n u c le o tid  b ase  pairs. D N A  is th e  ca rr ie r  a n d  tra n s m itte r  of genetic  in fo rm a tio n , 
a n d  i ts  b a se  pairs p rov ide th e  code fo r th e  specific syn thesis  of R N A . The 
b ase  seq u en ce  of the  R N A  so p ro d u ced  p ro v id es  th e  code for th e  sy n th e s is  of 
p ro te in s , a n d  — fina lly  — th e  sp a tia l an d  te m p o ra l o rg an iza tio n  o f  th e  so 
p ro d u c e d  specific  enzym es is responsib le  fo r th e  norm al or p a th o lo g ica l m e ta ­
bo lic  p ro cesses , on w hich life is b ased . M etabo lism  ensures, a t  th e  sam e tim e , 
th e  id e n tic a l  rep ro d u c tio n  o f D N A , th e  sy n th es is  of R N A  an d  p ro te in s .

T h e  sca rc ity  of av a ilab le  space  fo rb id s  a d e ta iled  analysis of th e se  p ro c ­
esses, th e  b iochem ical a sp ec ts  o f w hich  h a v e  been  w idely  exp lo red . T h e  p ro c ­
esses u n d e r  review  are -— p a r t ly  or in  th e ir  e ssen tia l ou tlines — w ell-know n, 
an d  w e c a n  co n ten t ourselves w ith  to u c h in g  up o n  th e  p rin c ip a l d a ta .

T h e  m odel co n stru c ted  b y  W a t s o n  a n d  Cr ic k  m ay  be re g a rd e d  as 
a t r u e  s t ru c tu ra l  re sp re se n ta tio n  o f  th e  D N A  m olecule. As reg a rd s  b iochem ical 
c o m p o s itio n  and  th e  law s re sp e c tin g  base  p a irs , th is  m olecular s tru c tu re  sa tis ­
fies a ll req u irem en ts  co ncern ing  system s c a rry in g  genetic  codes. T h e  doub le  
sp ira l a n d  i ts  a rran g em en ts  re p re se n ts  a sy s tem  w hich, th o u g h  b iochem ically  
re la t iv e ly  s tab le , allows th e  p o ss ib ility  o f id en tica l rep ro d u c tio n . T he b io ch em ­
ica l s t ru c tu re  of th e  bases, th e ir  ta u to m e r ic  form s, or th e ir  ch em ica lly  
so m e w h a t m odified  ty p es  a t t r a c t in g  o th e r  p a irs , m ake “ sp o n ta n e o u s”  or 
in d u c e d  m u ta tio n s  possible. T h e  genetic  code is therefo re , m o lecu la rly  and  
b io c h e m ic a lly  re la tive ly  s tab le  a n d  co n se rv a tiv e , b u t  m etabo lic  p h en o m en a  
a n d  ex o g en eo u s factors m ay  ch an g e  th e  code, an d  th e  a c tiv ity  of th e  ex ecu tiv e  
sy s te m  w ill undergo a co rresp o n d in g  change.

T h e  s tru c tu re  of th e  R N A  m olecule is s im ila r to  th a t  of th e  D N A  m ole­
cule w ith  th e  difference th a t  th e  sp ira l is s im ple. This exp la ins in  th e o ry  th e  
sy n th e s is  o f  R N A  on th e  su rface  of th e  n u c le a r  D N A  m olecules, b u t  th e  real 
m e c h a n ism  o f the  process is s till  obscure . T h e  b io ch em istry  of th e  p ro cess , in  
th e  co u rse  o f  w hich the  genetic  code is tra n s m itte d  to  th e  R N A  w hich  p ro v id es  
th e  d ire c t  code for p ro te in  sy n th es is , has b een  m ore or less exp lo red . W e know  
th a t  th e  p ro d u c tio n  of p ro te in s  req u ires  sev e ra l ty p es  of R N A , v iz. th e  tra n s fe r  
R N A , th e  R N A  of th e  ribosom es, an d  th e  m essenger R N A  w hich  b rin g s in fo r­
m a tio n  fro m  th e  DNA concern ing  th e  am ino  acid sequence. H ow ever, th e re
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are  only hypo theses as to  th e  in te rre la tio n s  o f these  d iffe ren t ty p e s  o f  R N A , 
th e  m olecular a rra n g e m en t of th e  cell s tru c tu re , b riefly , tho se  fa c to rs , which 
ensu res th e  precise ex ecu tio n  o f th e  p rog ram . L e t us e x p a tia te  u p o n  ju s t  one 
o f  th e  m an y  p henom ena in  th is  connection , n am ely , the  p ro b lem  how  th e  long 
sp ira l tra n s fe r  R N A , w ith  its  tr ip le ts , is able to  de term ine  th e  in co rp o ra tio n  
o f  an  am ino  acid in to  th e  p o ly p ep tid e  cha in . T he tra n sfe r  R N A  is, in  fac t, 
likew ise a double  sp ira l, h u t  i t  is th e  re su lt o f th e  d u p lica tio n  o f  one an d  the  
sam e e longa ted  m olecule, w hereas th e  D N A  resu lts  from  th e  lin k a g e  o f two 
m olecu lar chains. T he tr ip le ts  a t  th e  loop-like end of th e  m olecule  jo in  the  
co m plem en taries of th e  m essenger R N A , an d  becom e in te rlin k ed  to  c o n s titu te  
th e  p ro te in s  of th e  se q u e n tia lly  a rranged  am ino  acids. A re c e n t th e o ry  (R i- 
s e n b r o u g h  e t al., G r i e r e r , G r o s , W a t s o n ) a ttr ib u te s  th e  lin k ag e  of th e  
am ino  acids, occurring  in  con fo rm ity  w ith  th e  in fo rm ation  co n v ey ed  b y  the 
m essenger R N A , to  th e  a c tiv ity  of whole ribosom e groups an d  n o t to  th a t  of 
a single ribosom e.

I t  is, to  a considerab le  e x te n t, due to  th e  s tu d y  of b a c te r ia l a n d  viral 
genetics th a t  our p re se n t b iochem ical know ledge concerning th e  in te rp re ta tio n  
o f  th e  genetic  code an d  th e  syn thesis  of enzym e p ro te in s  is no lo n g e r based  on 
m ere th eo ry . M any d e ta il p roblem s have been  solved, an d  th e  sign ificance  of 
th e  te rm  “ gene” has u n d erg o n e  a fu n d am en ta l change. An in c rea s in g  num ber 
o f  de ta il is being  exp lo red  an d  in te rp re te d  reg a rd in g  th e  a c tio n -m ech an ism  of 
th e  genes, i.e. th e  process o f h e red ity , a process w hich leads to  p ro m isin g  re ­
su lts  in  th e  recogn ition  an d  also in th e  co n tro l of h e re d ita ry  d iseases. H ered i­
ta ry  diseases m ean, e ssen tia lly , false or d e fic ien t genetic in fo rm a tio n . A ccord­
ing to  th e  old te rm in o lo g y , pa thologic  geno type  m eans false in fo rm a tio n s , and 
p h en o ty p e  m eans its  ex ecu tio n , its m an ife s ta tio n . M olecular g en e tic s  offer an 
u n eq u iv o ca l and  clear in te rp re ta t io n  of phenocopies and  open, a t  th e  sam e tim e, 
ce rta in  possib ilities o f co n tro llin g  h e re d ita ry  diseases. Life processes will take  
a norm al course if th e  ex ecu tio n  of a false genetic  program  is in h ib ite d  in  the 
ex ecu tiv e  system , or if  we succeed in in tro d u c in g  in to  th a t  sy s te m  a fac to r 
from  th e  en v iro n m en t fo r th e  p rodu c tio n  o f w hich the  system  has no  in fo rm a­
tio n , fin a lly , if  we su p p ress  those e n v iro n m en ta l fac to rs w hich  — ow ing to  
false in fo rm atio n  — th e  ex ecu tiv e  system  w ould fail to  u tilize or w ould  utilize 
in  an u ndesirab le  m an n e r. T he ph eno type  is in ta c t, a lthough  th e  in fo rm atio n  
is w rong, th e  in d iv id u a l is a p h en o ty p ica l copy  of the  in ta c t o rgan ism .

M olecular genetics h av e  tw o biochem ical problem s to  so lve , viz. [I] 
p ro te in  syn th esis  i.e. c a rry in g  ou t the  genetic  p rogram  by “ re a d in g ”  th e  g enet­
ic code; [2] the  id en tica l rep ro d u c tio n  o f th e  system s w hich  p rese rv e  and 
tra n sm it th e  genetic  p ro g ram . I t  is w ith  these  processes th a t  th e  p rob lem  of 
in d iv id u a l v a ria tio n s  an d  a d a p ta b ili ty , an d  th a t  of m u ta tio n , i.e. a change in 
th e  genetic  p rogram , a re  connected . I t  has to  he de te rm in ed  to  w h ich  p a r tic ­
u la r po in ts  o f th e  cell s tru c tu re s  these  b iochem ical processes a re  bound .

2  Acta Morphologie« Snppl. X II I .
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M orphologists im b u e d  w ith  th e  teach ings o f  c lassical cyto logy  and  accus­
to m e d  to  th e  dim ensions o f  m icroscopic m ag n ifica tio n  m u st be h igh ly  in te re s t­
ed  in  f in d in g  out how  su b m icro sco p ic  m olecu lar s tru c tu re s  com pare w ith  th e  
m o rp h o lo g ica l un its o f c lassic  cy to logy  as also w ith  th e  cell s tru c tu re s  revea led  
b y  th e  elec tron  m icroscope.

A s regards th e  en zy m es w hich  accom plish th e  cell’s organized  m etab o lic  
p ro cesses , i t  should be n o te d  th a t  in princip le , th e  p ro te in  s tru c tu re s  o f the  
cell a re  also capable o f e n z y m a tic  ac tiv ity . I t  h as  b een  fo u n d  b y  m eans o f th e  
e le c tro n  m icroscope th a t  th e s e  im p o rtan t p ro te in  s tru c tu re s  u sua lly  fo rm  d o u ­
b le  m e m b ra n e  system s, a n d  t h a t  th ey  co n ta in  lip id -p ro te in  com plexes. The 
cell m em b ran e , the  e n d o p la sm ic  re ticu lum , th e  m ito c h o n d ria  and th e  double  
n u c le a r  m em brane belong  to  th is  group. I t  is k n o w n  th a t  p ro te in  sy n th es is  
ta k e s  p lace  in  the  e n d o p la sm ic  reticu lum  an d  th e  rob isom es, an d  th a t  o x id a ­
tiv e  m e tab o lism  occurs in  th e  m itochondria , w hile  m o st processes of decom po­
s itio n  occu r in  the  lysosom es. I t  is likewise k n o w n  t h a t  th e  py ron in o p h ilie  a reas 
o f  th e  cy top lasm  ab o u n d  in  R N A , and th a t  p y ro n in o p h ilia  ind ica tes  p ro te in  
sy n th e s is . There are, th u s , n o  serious d ifficu lties in  re sp ec t of th e  ex ecu tiv e  
a p p a ra tu s .

T h e  principal ag en t o f  h e red ity  is th e  n u c leu s , an d  even th e  classical 
th e o ry  o f genes supposed th e s e  hypo th e tica l u n its  to  be s itu a te d  in th e  ch rom o­
som es o f  th e  nucleus. T h a t  th e  ch ief com ponen t o f  th e  chrom osom es is D N A  
a n d  t h a t  th e  nucleoli c o n ta in  R N A , has long b een  k n o w n , an d  i t  is, th e re fo re , 
h ere  t h a t  we m ust f ir s t  lo o k  fo r the a p p a ra tu s  o f  in fo rm atio n .

T h e  regu la rity  o f ch ro m o so m al phenom ena, as observed  in  cell d iv ision , 
h a s  lo n g  seem ed to  s u b s ta n t ia te  th e  assum ption  t h a t  th e  nucleus or r a th e r  th e  
ch ro m o so m es there in  are  th e  cen tres  of h e re d ita ry  tran sm issio n . All th is  does 
n o t, h o w ev er, explain  th e  e s se n tia l  n a tu re  of th e  p rocess o f h ered ity . W h en  th e  
lessons o f m olecular b io logy  en ab led  the in v e s tig a to rs  to  reach  th e  v e ry  ro o ts  
o f  g e n e tic  processes, th e y  w e re  faced w ith  a p p a re n tly  u n co n q u erab le  d ifficu l­
tie s . T h ese  arose from  th e  d ifferences betw een th e  d a ta  of m olecular genetics 
w ith  th e ir  A ngstrom  o rd e r o f  m ag n itu d e  and  th e  d a ta  o f  m icroscopic m o rp h o l­
ogy  w ith  th e ir  m icron o rd e r  o f  m agnitude.

T h e  question  w hich a ro se  w hen W atson a n d  C rick  co n stru c ted  th e  m odel 
o f th e  D N A  molecule w as h o w  m acrom olecule w h ich  has only  a th ick n ess  of 
18 to  20 A b u t a len g th  o f  sev e ra l cm or even  co n sid e rab ly  m ore, p roduces 
ch ro m o so m es w ith  a th ic k n e s s  o f 1/10fi an d  a le n g th  o f several m icrons. To 
b r in g  th e  dim ensions o f  th e  in trach ro m o so m al ax o n em e, those of th e  chrom o- 
m ere  a n d  those  of th e  c h ro m a tid  in  re la tion  to  m o lecu la r d im ensions c o n s t i tu t­
ed  a specia l problem . W h y  is  i t  th a t  the  ch rom osom es of nuclei are  u sua lly  
in v is ib le  d u ring  the  in te rp h a s e ,  how should we in te rp rè te  th e  red u p lica tio n  
o f  ch rom osom es, how can  w e  u n d e rs tan d  th e  id e n tic a l red u p lica tio n  o f  th e  
in tra c h ro m o so m a l D N A  m olecu les?  How shall w e ex p la in  th e  d iffe ren tia tio n
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o f cells and tissues in  th e  course o f on togenesis, or, in o th e r  w o rd s, how  do the ir 
gene tic  p o te n tia ls  becom e re s tric ted ?  H ow  is it  possible t h a t  in fo rm atio n  is 
tra n s m itte d  a d e q u a te ly , precisely  an d  in  a d iffe ren tia ted  fo rm  o r in  th e  chro­
m osom e, a very  coarse s tru c tu re  in  th e  m olecular sense ?

Before going in to  deta ils , we have  to  ad m it th a t  i t  is as y e t  im possible 
to  give u n eq u iv o ca l an d  reliab le  answ ers to  these  q u es tio n s . E le c tro n  m i­
croscopy — in  co m b in a tio n  w ith  cy tochem ical and a u to ra d io g ra p h ic  investi­
ga tions — has neverth e less  e lu c id a ted  num erous d e ta ils  a n d  allow ed the 
e lab o ra tio n  o f a few useful w ork ing  hypo theses.

L et us ex am in e , b y  w ay  o f exam ple , a genetica lly  d e te rm in e d  regular 
on togene tic  p rocess and  le t  us see w h e th e r th ere  is som e m o rpho log ica l and 
biochem ical sign to  show  th a t  th e  system  o f genetic in fo rm a tio n  is function ing , 
th a t  th e  rea liza tio n  o f th e  p ro g ram  is in  progress.

O b serv a tio n  of th e  sa liv a ry  g lands o f insects has show n  th a t ,  in  the 
course of th e  la rv a l, p u p a l an d  im ag ina i stages, th e  g ian t ch rom osom es in v a r­
iab ly  develop rin g -sh ap ed  tu m efac tio n s , “ puffs” , a t  v a ria b le  p o in ts  and  v a ri­
ab le tim es. Since th ese  sw ellings fo recast th e  d ifferen t phases  o f  on togeny  it 
was concluded  th a t  d ev e lo p m en ta l changes (m etam orphosis) a re  released by 
ce rta in  ch rom osom al areas becom ing  ac tiv e . A n o th er ex am p le  is p ro v id ed  by 
th e  in sec t A critopus lucidus. R ings a t  d iffe ren t p o in ts  o f  th e  hom ologous 
g ian t chrom osom es in  th e  th ree  lobes o f its  sa liv ary  g land  in d ic a te  th a t  th ree 
d ifferen t k inds o f sa liv a  are being  p ro d u ced  in  th e  th re e  lobes.

I t  can  be seen a t  th e  locus o f such  rings (puffs) th a t  th e  ch ro m atid s  of 
th e  chrom osom e are  loosened an d  arch ed  forw ard.

The sy n th es is  o f u rac il, a co m p o n en t of R N A , can  be fo llow ed  b y  means 
o f tr i t iu m  labelled  u rid in e . A u tog ram s rev ea l a s tro n g  a c t iv i ty  in  th e  puff, 
in d ica tin g  th a t  th e  genetic  in fo rm atio n  o f D N A  is be ing  t r a n s m it te d  there ,
i.e., t h a t  R N A  is being  sy n th esized . T his closes th e  c ircu it. B y  w ay  of RNA 
syn th esis , th e  D N A  sends th e  in fo rm a tio n  to  the  cy to p lasm  a t  a given poin t 
o f th e  chrom osom e a t  a given tim e , an d  th e  c h a ra c te ris tic  g la n d u la r  secre­
tio n  signals th e  ex ecu tio n  of th e  com m and  perfo rm ed  th ro u g h  enzym atic  
a c tiv ity .

H ow ever, th is  is one of th e  le a s t d ifficu lt am ong th e  n u m b erless  problem s. 
A m uch h a rd e r  n u t  to  c rack  is th e  still u n e lu c id a ted  q u es tio n  reg a rd in g  the 
re la tio n  betw een  th e  m icroscopic s tru c tu re  and  th e  m o lecu la r a rra n g e m en t of 
chrom osom es; a still m ore obscure p rob lem  is th e  re d u p lic a tio n  o f D N A  w ith in  
th is  coarse m icroscopic s tru c tu re , fu r th e r  th e  question  as to  how  th e  chrom o­
som es th em selves, th e  paired  c h ro m a tid s , are  evolved  a n d  red u p lica ted .

L e t us, as a rem in d er, recall th e  schem a of th e  ch ro m o so m e based  on 
m icroscopic o b se rv a tio n s . Such p ic tu res  show  th e  sp iral ax o n em es, th e  chrom a­
tid s , ch rom om eres, e tc . P h o to m ic ro g rap h s  in tex tb o o k s  p re se n t th e  delicate 
double  sp ira l s tru c tu re  o f th e  chrom osom es. T he d iscovery  o f th is  s tru c tu re
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e x p la in e d  th e  d isappearance  o f  th e  chrom osom es in  th e  in te rp h a se , and  offered 
c e r ta in  clues to  th e ir  p re e x is te n c e .

I t  is notv ev id en t t h a t  th e  chrom osom es o f th e  nu c leu s do no t cease to  
e x is t  in  th e  in te rp h ase  b u t  b eco m e  invisib le because , u n co iled , th e y  are e lo n g a t­
ed f i la m e n ts  of a th ickness t h a t  is below  the reso lv ing  p ow er of th e  ligh t m icro ­
scope . F o rm in g  m u ltip le  coils a t  th e  tim e of cell d iv is io n , th e  ch ro m atid s  b e ­
com e b u lk y  s tru c tu res  a n d  p re s e n t  th e  classical m icroscop ic  p ic tu re  of th e  
c h ro m o so m e . This seem s to  b e  a step  tow ards th e  so lu tio n  o f our p rob lem , 
since  th e  D N A  m olecule, to o , is  a double spiral, y e t ,  th e  m a tte r  is n o t as sim ple 
as i t  w o u ld  seem, for th e  th ic k n e s s  of the  D N A  sp ira l am o u n ts  to  18 — 20 Â 
a n d  t h a t  o f th e  chrom osom es to  sev era l ten th s  of a m ic ro n  so th a t  th e  d isp ro p o r­
tio n  b e tw e e n  th e  tw o m a g n itu d e s  is too g rea t.

T h e  so-called “ la m p -b ru s h ”  chrom osom es t h a t  h a v e  long  been observed  
in  so m e  o v a  seem ed to  offer a c lue  to  th e  m olecular a r ra n g e m e n t of th e  ch rom o­
som es. T h e y  led T a y l o r  to  fo rm u la te  th e  th eo ry  t h a t  th e  D N A  double sp irals 
a t ta c h  them selves to  b o th  sides o f  a cen tra l double  a x ia l f ib e r  (pro tein?) in  th e  
ch ro m o so m e. The d iv ision  o f  th is  ax ia l fiber an d  th e  u n co iling  of th e  double  
sp ira l r e s u lt  in  a doubling  o f th e  c h ro m a tid , while th e  e n tire  process of re d u p lic a ­
tio n  c a n  s ta r t  anew  a t  th e  sa m e  tim e . This th e o ry  w as, how ever, d isp roved  b y  
th e  d isc o v e ry  th a t  th e  ax is o f  th e  “ lam p b ru sh ” ch rom osom es consists of D N A  
( in s te a d  o f  pro te in ), an d  t h a t  th e  brush-like p ro je c tio n s  are in  fac t loops of 
D N A  a n d  RN A .

C o l e ’s ingenious h y p o th e s is  seem s to  be s u b s ta n t ia te d  b y  m orphological 
c o n s id e ra tio n s . He th in k s  t h a t  th e  sp iral DNA an d  th e  likew ise helical h istones 
s tro n g ly  h y d ra te d  p ro te in s , a re  lin k ed  by  ionic b o n d s. As a re su lt, th e  p ro te in  
is p a r t ly  d eh y d ra ted , a n d  th e  D N A -pro te in  com plex  assum es a sp iral shape . 
S im ila r  m echanism s m ay  p ro d u c e  fu r th e r  te r t ia ry , q u a te rn a ry , e tc ., sp iraliza- 
tio n s  w h ich  become th e n  v is ib le  as th e  spiral s t ru c tu re  o f th e  ch ro m atid s  
(ch rom osom es). Co le  ex p la in s  b y  a likewise in g en ious b iochem ical a rg u m en ­
ta t io n  th e  uncoiling of th e  D N A  m olecule, its re d u p lic a tio n , as also th e  t r a n s ­
m issio n  o f th e  code in  th e  co u rse  of R N A  syn thesis . C o l e ’s high ly  in te re s tin g  
th e o ry  h a s  th e  snag th a t  a ll th e s e  processes of co iling , unco iling , e tc . invo lve  
c o n s id e ra b le  m echanical a c t iv i ty  w hich m ay a m o u n t to  100 rev ./sec. a t  th e  
c h ro m o so m a l red u p lica tio n  in  m am m als.

O th e r  in v estig a to rs , e.g . F r e e z e  (1958) an d  K e l l e n b e r g e r  (1960) also 
c o n s tru c te d  sim ilar m odels, b u t  all are open to  c r itic ism  on accoun t of th e  
u n k n o w n  n a tu re  of th e  co n n e c tio n s  betw een th e  D N A  cha ins. I t  has been 
fo u n d  t h a t ,  uncoiled, th e  ch ro m o so m es of th e  ph ag e  T 4 a t  le a s t 50 /.i long, an d  
th a t  th e  le n g th  of ce rta in  ch ro m o so m es reaches le n g th s  o f a n d  m ore th a n  a m m . 
T a k in g  th e  m olecular w e ig h t o f  D N A  (of a m a g n itu d e  o f  a h u n d red  m illions) 
in to  a c c o u n t, i t  m ust be p re su m e d  th a t  no t on ly  a single filam en t of D N A  
ru n s  a lo n g  th e  chrom osom e, a n d  th a t  there  ex is t sev e ra l segm ents, i.e. D N A



2 !

chains, w hich a re  som ehow  in te rlin k ed  acco rd in g  to  some law ; from  th is  i t  
w ould follow t h a t  d is to rtio n s  of th e  in fo rm a tio n , i.e. m u ta tio n s , are  caused  b y  
d is tu rb an ces  o ccu rin g  in  these  “ su b u n its”  ow ing to  red u p lica tio n s, e n v iro n ­
m en ta l in flu en ces, ru p tu re s , etc.

The p rocess o f rep lica tio n  (or th e  e ssen tia lly  id en tica l process o f R N A  
syn thesis), o ccu rrin g  in  a given DNA chain  e v id e n tly  does n o t requ ire  a r e a r ­
ran g em en t, unco ilin g , i.e. th e  genetic a c tiv ity  o f th e  en tire  system  of a le n g th  
of several m m  o r cm . T his explains th e  d is tr ib u tio n  of th e  com plete g en e tic  
in fo rm atio n  o v e r sev era l loci, to  w it, th e  fa c t th a t  on ly  p a r ts  of th e  g en e tic  
com m and are  e x e c u te d  a t  a tim e in  th e  course o f d iffe ren tia tio n . C erta in  p a r ts  
o f th e  in fo rm a tio n  are  u tilized  in ce rta in  p h ases  o f ontogenesis, w hile o th e r  
p a r ts  bound  to  sp a tia lly  an d  tem p o ra lly  p re d e te rm in e d  cells — are u tiliz ed  a t  
o th e r stages o f th e  in d iv id u a l’s deve lo p m en t. In v e s tig a to rs  who assum e th e  
in trach ro m o so m a l ex istence  of m ore th a n  d o u b ly  sp ira lled  D N A  m olecules 
look upon th e  process of uncoiling  as th e  source  of ac tiv a tio n . This th e o ry  
seem s to  be s u b s ta n t ia te d  b y  th e  fac t th a t  no chrom osom es can be seen d u rin g  
in te rp h ase , i.e . a t  a tim e  of cellular a c tiv ity , a n d  th a t  th e  ch rom atid s o f th e  
“ puffs”  becom e loose an d  b lu rred  in  g ian t ch rom osom es. I t  is, how ever, d iffi­
c u lt to  b rin g  th e  h a lv in g  and  red u p lica tio n  o f th e  ch ro m a tid s  and  chrom osom es 
in  h arm o n y  w ith  th e  red u p lica tio n  of D N A  C o l e ’s th e o ry  and  its  lim ita tio n s  
h av e  a lread y  b een  m en tioned , and  we w a n t to  re fe r to  T a y l o r ’s p e r t in e n t  
hypo thesis  w h ich , w hile likew ise lim ited  in  c e r ta in  respects , has been b o rn e  
o u t by  e lec tron -m icroscop ic  observations.

R elying on th e  m odel co n struc ted  b y  F r e e z e , T a y l o r  accepts th a t  th e  
chrom osom es c o n ta in  tw o  doub ly  helical D N A  chains w hich are in te r lin k e d  in  
reg u la r segm en ts. C onsidering th a t  the  m o lecu la r w eigh t of th e  segm ents a m o u n ts  
to  several m illions, i t  is d ifficu lt to  d e te rm in e  th e  n a tu re  of th e  lin k ag e , so 
th a t  only c o n je c tu re s  are  possible. B onds a re , accord ing  to  T a y l o r , fo rm ed  
betw een  th e  5’p h o sp h a te  groups of the  n u c leo tid es  a t  th e  end of th e  n u c leo tid e  
chains and  b e tw een  3’O H  groups co n ta ined  in  th e  c a rb o h y d ra te  of th e  co m p le ­
m en ta ry  ch a in . T hese helical chains are b ila te ra lly  s tab ilized  in a lad d er-lik e  
fashion by  H -b o n d s  w hich process resu lts  in  th e  fo rm atio n  of ch ro m atid s . As a 
f irs t step to w a rd s  red u p lica tio n , the  3’bon d s are  ru p tu re d  owing to  en z y m a tic  
a c tiv ity , th e  do u b le  sp ira l of DNA is u nco iled  an d  im m ed ia te ly  th e re a f te r  
red u p lica ted , a n d  a new  3’bond, th en  a 5’b o n d  is fo rm ed . The ch ro m a tid , now  
a double one, th e n  opens like a slide fa s te n e r , an d , fina lly , th e  lad d er-lik e  
s tru c tu re  is re s to re d  b y  m eans of th e  H -b o n d s  lack in g  on one side.

H ow  th e  sy n th es is  of R N A  takes p lace  in  th is  m odel or in  o th e r  m odels 
rem ains to  be e lu c id a ted . I t  is likewise d iff ic u lt to  u n d e rs ta n d  w hy  R N A , 
w hen fo rm ed , does n o t serve as th e  te m p la te  o f  D N A , a lthough  all p recu rso rs  
an d  all n ecessary  p rem ises are given. As re g a rd s  R N A  syn thesis , i t  m a y  ta k e  
p lace on th e  d o u b le  sp irals of DNA, b u t  i t  is likew ise possible th a t  th e  D N A
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ch a in  o p en s  a t  special p o in ts , w hile th e  sy n th es is  o f R N A  occurs a t  p o in ts  
an d  t im e s  d iffe ren t from  th e  re d u p lic a tio n  o f  DNA.

T h is  p re lim in ary  re p o rt h a d  th e  p u rp o se  to  adduce b u t  a few  exam p les  
in  o rd e r  to  p rove  th a t  m o lecu la r b io logy  is capab le  of giving a t  le a s t an  o u tlin e  
of th e  e x tre m e ly  in tr ic a te  an d  ram ified  p rocess of h e red ity  w hich  s till co n ta in s  
a g re a t  n u m b e r of u n so lved  d e ta ils .

R E L A T O R

I. Dévényi

(Institu te of Pathology, U niversity  Medical School, Debrecen)

P athology o f  C hrom osom al A berrations

T h e  ex istence  of h u m a n  ch ro m o so m al ab e rra tio n s  an d  o f p a th o lo g ica l 
co n d itio n s  based  on such a lte ra tio n s  h a s  lo n g  been  suspected . Y e t, i t  w as n o t 
u n til  1958 th a t  a m eth o d  su itab le  for s tu d y in g  th e  h u m an  ch ro m o so m al sets 
h a d  b e e n  developed.

T h e  essence of th e  m e th o d  m od ified  severa l tim es since i ts  f ir s t  d e sc rip ­
tio n  is t h a t  cells from  bone m arro w  or p e rip h e ra l blood, or specim ens o f  cu tis  
or fa sc ia  a re  ex p lan ted  for periods v a ry in g  from  24 hours to  sev era l w eeks, 
d e p e n d in g  on th e  o b jec t to  be grow n. T h e re  a re  tw o im p o r ta n t fe a tu re s  e n su r­
ing  th e  success of th e  p ro ced u re , viz. e n r ic h m e n t of th e  phase o f d iv is io n , th e  
m e ta p h a s e , “ th is  being th e  period  su ita b le  for s tu d y  an d  th e  in d u c tio n  of 
sw elling  o f  th e  cells a rre s ted  in  m ito sis , w h e reb y  th e  in d iv id u a l ch rom osom es 
se p a ra te  fro m  one a n o th e r” . T h e  fo rm er is a tta in e d  by  tre a tm e n t w ith  co lch i­
cine, th e  la t t e r  by th e  use of h y p e rto n ic  so lu tio n s. T hen  a specim en is d ro p p ed  
o u t, d r ie d  a n d  sta in ed ; in  such  p re p a ra tio n s  read ily  an alysab le  ch rom osom al 
p a t te rn s  a re  visible b y  im m ersion  m icroscopy . I t  is p a r tic u la rly  in te re s tin g  
for th e  p a th o lo g is t th a t  bone m arrow  c u ltu re s  can be p rep ared  an d  s tu d ie d  
even  one  o re  tw o days a fte r  d e a th . O u r ow n p rep a ra tio n s , to o , h a v e  been  
o b ta in e d  fro m  cadavers.

A lth o u g h  it  can d e m o n s tra te  on ly  ro u g h  m orphological or q u a n ti ta t iv e  
chan g es o f  th e  chrom osom es, th is  re la tiv e ly  sim ple m ethod  re p re se n te d  an 
im p o r ta n t  s tep  in h u m a n  cy to g en e tic s , in  sp ite  of th e  fac t t h a t  such  ro u g h  
chan g es se ldom  occur in  h u m a n  p a th o lo g y , because th ey  w ould p ro d u ce  such  
gross q u a n t i ta t iv e  and  a t  th e  sam e tim e  q u a lita tiv e  changes o f th e  g en e tica l 
m a te r ia l  (inc lud ing  fu n c tio n a l a lte ra tio n s ) , w hich  are u su a lly  in c o m p a tib le  
w ith  fo e ta l  g row th  an d  life.

B efo re  beginning to  discuss th e  a b e rra tio n s , i t  is necessary  to  dea l w ith  
th e  n o rm a l m orphology  o f th e  ch rom osom es. T he chrom osom es are a n a ly sed  
in  d e ta il in  m icropho tog ram s, s tu d y in g  th e  chrom osom es of 30 to  70 d iv id in g
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cells in  each  case. T he m icro p h o to g ram  is su ita b le  for de te rm in in g  th e  ch ro m o ­
some c o u n t, fo r q u a lita tiv e  analysis an d  m ain ly  for m ak ing  a k a ry o ty p e  show ­
ing th e  su ita b ly  a rran g ed  and  coupled p ic tu re s  o f th e  in d iv idua l ch rom osom es 
c u t o u t of th e  m icro p h o to g ram . (F ig . 1.) As we are  exam in ing  d iv id in g  cells in 
the  m e ta p h a se , th e  chrom osom es are  v isib le  as X  or V shaped  s tru c tu re s , i.e. 
in doub led  fo rm , jo in ed  a t  one p o in t, th e  cen tro m ere . A t th is  p o in t in se r t th e  
pu lling  f ila m e n ts  of th e  sp indle , th a t  pu ll a p a r t  th e  ch ro m atid e , one h a lf  o f the  
ch rom osom e, in to  tw o  new d a u g h te r  cells.

In  genera l th e  chrom osom es are  com posed  of tw o sy m m etrica l halves, 
th e  tw o ch ro in a tid e s , w hich are d is tin g u ish ed  p a r tly  on g rounds o f  th e ir  size 
an d  p a r t ly  on th e  basis of th e  position  o f th e  cen trom ere. W hen th e  c e n tro ­
m ere is in  th e  cen tre , лее speak  of m e ta c e n tr ic  chrom osom e, if  i t  is n e a r  th e  tip , 
луе sp eak  a b o u t an  acrocen tric  one. An in te rm e d ia te  ty p e  is a su b m e ta c e n tr ic  
chrom osom e. T he tw o p a rts  sep a ra ted  b y  th e  cen tro m ere  are called  th e  a rm s of 
th e  ch rom osom e. T h e ir len g th  and  r e l a t é e  size are  th e  m ost im p o r ta n t  p o in te rs  
in  th e  id e n tif ic a tio n  of th e  chrom osom es, a p a r t  from  th e ir  size w hich  in h u m an s 
varies from  7 to  1.4 m icre. T here are sa te llite s  on th e  acrocen tric  ch rom osom es, 
ap p ea rin g  as sh o rt, lig h tly  s ta in ed  process over th e  sh o rt a rm .

T he no rm al h u m a n  cell co n ta in s  46 chrom osom es, 44 so m a tic  an d  2 
sexual. T he 44 som atic  chrom osom es are  com posed  o f 22 hom ologous pairs, 
w hereas th e  sex-chrom osom es c o n s titu te  in  th e  fem ale an id e n tic a l p a ir  of 
tw o X  an d  in  th e  m ale th e y  are re p re se n te d  b y  th e  d ifferen t X  a n d  Y  ones 
(F ig . 2 .). In  th e  no rm al case 90 to  95 p e r c e n t o f th e  cells show th e  re g u la r  46 
piece se t, in  th e  re s t, depend ing  on th e  te c h n iq u e , we find  m ore or less.

O n th e  basis o f an  in te rn a tio n a l ag reem en t th e  h u m an  ch rom osom es are 
d esig n a ted  w ith  num era ls  1 to  22 acco rd in g  to  size an d  grouped  m o rp h o lo g i­
cally , show ing  th e  sex-chrom osom es se p a ra te ly . I t  is also cu sto m ary  to  d esigna te  
th e  single g roups b y  le tte rs  from  A to  G. W ith in  th e  groups d is tin c tio n  o f th e  
single p a irs  is u n ce rta in .

In  cy to g en e tic s  th e  chrom osom al a b e rra tio n s  are d iv ided  in to  tw o  large 
g roups: d ivergence  in  th e  n u m b er o f  chrom osom es and  changes in  th e ir  
s tru c tu re .

N um erical d ifferences

I f  th e  to ta l  chrom osom al se t is d o u b led  or m u ltip led , лее sp eak  ab o u t 
po lyp lo id y . I f  on ly  single chrom osom es are  affected , th e  follow ing te rm s  are 
used. U n d e r n o rm al cond itions th e  ch rom osom es occur in  pairs, th e re  are  tw o 
of each ; th is  is called  d isom y. M onosom y m eans th a t  of th e  p a ir  one ch rom o­
some o n ly  is p re sen t, triso m y  m eans t h a t  th e re  are th ree , te tra s o m y  i f  th ere  
are  fo u r of one k in d , e tc . In  such cases i t  is desig n a ted  w hich ch rom osom e is so 
a ffec ted  (e.g. 21 triso m y ).
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I n  m a n , o f th e  above  possib ilities p o ly p lo id y  occurs in  tu m o r  cells; 
o n ly  o n e  case w ith o u t tu m o u r  has been re p o r te d . T risom y has been o b se rv ed  
in  se v e ra l pa tho log ic  co n d itio n s . T e traso m y  or an  even  g rea te r n u m b e r o f one 
k in d  o f  chrom osom e is kn o w n  to  occur ex c lu siv e ly  w ith  th e  sex-chrom osom es. 
O n th e  basis  of th e o re tic a l considera tions no  p o ss ib ility  seem s to  e x is t fo r  
m o n o so m y  to  occur w ith  th e  au tosom e ch rom osom es, as since th e  absence  
o f  o n e  sing le  chrom osom e h as  m ost serious consequences, as e ith e r  i ts  g en e tic  
m a te r ia l  is ind ispensab le , o r th e  effect of a recessiv e  le th a l gene m ay  becom e 
m a n ife s t.

T h e  m en tio n ed  changes in  th e  n u m b er o f  chrom osom es arise as a re su lt  
o f d e fe c tiv e  cell d iv ision ; th is  is called n o n -d is ju n c tio n . T he essence o f i t  is 
t h a t  th e  chrom osom es d u p lic a tin g  during  d iv is io n  an d  sep a ra tin g  in to  tw o  
c h ro m a tid e s  do n o t se p a ra te  a n d  divide eq u a lly  in to  tw o d a u g h te r  cells. As a 
re s u lt ,  one  of th e  tw o new  cells w ill have less, th e  o th e r m ore, ch rom osom es. 
In  th e  a d u l t  such defective d iv isions are w ith o u t sign ificance, because th e y  m a y  
o ccu r o n ly  locally , o r in  special tissue.

T h e  s itu a tio n  is e n tire ly  d ifferen t w h en  n o n -d is ju n c tio n  ta k e s  p lace  
d u r in g  th e  m eio tic  d iv ision  o f  sex u a l cells. T h e  m ech an ism  of th is  is re p re se n te d  
in  a d ia g ra m  (Fig. 3). A t th e  b eg inn ing  of its  m a tu ra t io n  th e  ovum  possesses 46 
ch ro m o so m es; for th e  sake  o f  s im p lic ity  th ese  a re  rep resen ted  b y  6 ch ro m o so ­
m es (6 d o ts ) , co rrespond ing  to  3 hom ologous p a irs . W hile p rep arin g  fo r th e  
f i r s t  m e io tic  d iv ision , in  th e  p rophase  th e  hom ologous chrom osom es (p a irs) 
lie s id e -b y  side, each is sp lit in to  tw o c h ro m a tid e s ; th is  is in d ica ted  b y  th e  
fo u r -d o t te tra d e s . U nder n o rm a l conditions d u rin g  th e  f irs t  m eiotic  d iv ision  
th e  ch ro m o so m al pairs s e p a ra te , one in to  one, th e  o th e r  in to  th e  o th e r d a u g h te r  
cell, a n d  so tw o diploid seco n d a ry  ovocytes a rise . B u t if  one p a ir  fails to  sp lit , 
b o th  m em b ers  of th e  p a ir  w ill e n te r  th e  sam e cell, an d  as a re su lt one o f th e  
se c o n d a ry  ovocy tes will h a v e  48, th e  o th e r 44 chrom osom es. W hen  th e  48- 
ch ro m o so m e  ovocyte  undergoes th e  second m eio tic  div ision , every  chrom osom e 
s e p a ra te s  in to  tw o ch ro m atid es , i.e. tw o hap lo id  cells o f 24 chrom osom es a rise . 
T h e  fe r ti l iz a tio n  of th is  g am e te  b y  a norm al h a p lo id  sperm atozoon  will re su lt 
in  a z y g o te  w ith  47 chrom osom es i.e. a trisom ie  one. In  th e  fu r th e r  d e v e lo p m en t 
th is  w ill p a ss  over th e  p a th o lo g ica l, 47 -chrom osom e set to  every  one o f i ts  
d a u g h te r  cells.

I f  th e  ovocy te  h av in g  44 chrom osom es co n tin u es  to  m a tu re , a f te r  th e  
seco n d  m eiosis an ovocy te  possessing  22 ch rom osom es arises, w hich, w hen  fe r ­
tiliz ed  b y  a 23-chrom osom e n o rm al sp e rm ato zo o n  w ill yield a zygo te  w ith  
45 ch ro m o so m es, i.e. a m onosom ie one. This p rocess of n o n -d is ju n c tio n , w ith  
e x a c tly  th e  sam e resu lt, m a y  ta k e  place d u rin g  th e  second m eio tic  d iv is io n .

N o n -d is ju n c tio n  m ay  o ccu r also in th e  cou rse  o f sperm iogenesis, an d  in 
e x a c tly  th e  sam e w ay zygo tes w ith  m onosom y o r tr iso m y  m ay  arise, if  su ch  
a p a th o lo g ic a l sperm atozoon  is involved  in  fe rtiliz a tio n . E xperience  o b ta in e d
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in D rosoph ila  an d  to  som e ex ten t in  m an  in d ic a te s  th a t  it  is m ain ly  th e  m a tu r ­
ing ove of o lder fem ales th a t  have a te n d e n c y  to  n o n -d isjunc tion .

N o n -d is ju n c tio n  m ay  occur also a t  a th ird  p o in t of tim e, n o ta b ly  d u rin g  
one of th e  early  d iv isons, or even du ring  th e  f ir s t  d iv ision , of the  zy g o te . In  th e  
la t te r  case th e  f ir s t  tw o  b lastom eres will h a v e  47 a n d  45 chrom osom es, re sp ec ­
tiv e ly . The one w ith  m onosom y will perish  an d  th e  pathological one w ill give 
rise to  an in d iv id u a l w ith  trisom y. W hen n o n -d is ju n c tio n  takes p lace a t  a la te r  
s tage , h u t s till d u rin g  th e  early  d iv isions o f th e  ovum , th e  tr iso m y  will be 
re s tric ted  to  c e r ta in  areas of the  o rgan ism , w hile in  th e  rest d isom y is to  be 
found , p rov ided  th a t  th e  sim ultaneously  a ris in g  m onosom ie h lastom ere  p erishes. 
This phenom enon  i.e . th e  existence o f cell p o p u la tio n s  possessing d iffe ren t 
chrom osom e se ts  in  c e r ta in  tissues of one o rg an ism , is called m osaicism . M osai­
cism of the  so m atic  chrom osom es is a r a r i ty  a n d  has little  sign ificance. W ith  
th e  sex chrom osom es the  situ a tio n  is d iffe ren t in  th a t  following n o n -d is ju n c tio n  
th e  m onosom ie cell is also viable. T hus, w hen  th e  ovum  divides fo r th e  f irs t  
tim e , n o n -d is ju n c tio n  of som e sex chrom osom e will resu lt in a 45/47-m osaicism . 
I f  i t  is som e la te r , second or th ird , d iv ision  o f th e  ovum  th a t  is p a th o lo g ica l, 
tr ip le  m osaicism  will re su lt, i.e. one n o rm al a n d  tw o  patho log ical ch rom osom al 
sets will he p re se n t in  th e  sam e organism . T hese  m osaicism s are o f g re a t im p o r­
tan ce  as th e  cells w ith  abnorm al ch rom osom al se ts  m ay give rise to  ab n o rm a l 
grow th .

Structural changes o f  chrom osom es

W hereas th e  num erica l changes d esc rib ed  above are easy to  recognize 
by  th e  p resen t m e th o d s , th e  s tru c tu ra l chan g es m ay  be of such o rders o f  m ag n i­
tu d e  th a t  th e y  escape  detec tion . F o r ex am p le , th e  loss of a ch rom osom al 
segm ent 0,5 /t in  size m ay  be of g rea t fu n c tio n a l significance, b u t rem a in  u n d e ­
tec tab le  by  ou r p re se n t procedures. W e shall th e re fo re  deal exclusively  w ith  th e  
s tru c tu ra l changes d e tec tab le  by  th e  m e th o d s  now  available, th e  clin ical 
significance o f w hich  is know n.

In  th is  re sp ec t th e  m ost im p o r ta n t changes is th e  one te rm ed  tra n s lo c a ­
tion . This m eans th a t  a segm ent b ro k en  dow n from  a chrom osom e, or even 
a com plete  ch rom osom e, becom es a tta c h e d  to  a n o th e r. I f  th is does n o t  in v o lv e  
a loss of s u b s ta n tia l  genetic  m ateria l, th e  in d iv id u a l b u ilt up from  su ch  cells 
will be of a p a th o lo g ica l genotype, b u t  a n o rm a l pheno type .

T ran slo ca tio n s  occur m ostly  in  th e  course  o f m eio tic  division, a n d  th e re ­
fore th e  a rising  s itu a tio n  is no t sim ple. F ig . 4. illu s tra te s  the  consequences of 
a tran s lo ca tio n  w hich  occured during  th e  m a tu ra tio n  of an  ovum . T h e  tip s  of 
a bigger b lack  an d  a sm aller w hite ch rom osom e p a ir  are  tra n s lo c a te d . In  th is  
case four k in d s o f m a tu re  ovocytes m a y  arise: a norm al one, a gen e tica lly  
ba lanced  one, in  w hich  th ere  is tra n s lo c a tio n  w ith o u t loss of genetic  m a te r ia l, 
and  tw o patho lo g ica l ones. In  one of th e  la t te r  th e re  is a g reat excess beside
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a sm all d efic ien cy  of genetic m a te ria l, in  th e  o th e r  th ere  are a s lig h t excess 
an d  a  g r e a t  loss. I f  one of such  ovocy tes is fe rtilized , zygotes of th e  fo llow ing 
p h e n o ty p e s  m ay  resu lt: a n o rm al one: one w ith  n o rm al p h eno type  and  a g eno­
ty p e  w ith  path o lo g ica l tra n s lo c a tio n ; a n o n -v iab le  one w ith  a lack  o f genetic  
m a te r ia l  a p p ro x im a tin g  m onosom y: an d , f in a lly , a pa tho log ica l g en o ty p e  
w ith  a n  in s ig n if ic a n t deficiency o f genetic  m a te r ia l, b u t  w ith  an  excess o f genetic  
m a te r ia l  a p p ro ach in g  triso m y . If, as we sh a ll see la te r , th is  excess o f gene tic  
m a te r ia l  o rig in a te s  from  chrom osom e 21, th e  in d iv id u a l will suffer from  D ow ns 
d isease . I  sh o u ld  like to  call a tte n tio n  to  th e  zy g o te  w hich has a n o rm al p h e n o ­
ty p e , b e c a u se  i t  is its  gam etes th a t  t ra n s fe r  th e  patho log ica l co n d itio n  to  th e  
o ffsp rin g s. T h is is th e  w ay th e  fam ilia l cases o f  D ow n’s disease develop .

Diseases based on chrom osom al abberation

B efo re  dealing  w ith  th e  clin ical co n d itio n s due  to , or secondary  to  c h ro ­
m o so m al a b e rra tio n s , i t  shou ld  be p o in ted  o u t th a t  th e  d isorders c o n n e c te d  
w ith  a b n o rm a litie s  of th e  sex chrom osom es o ccu r m uch m ore o ften  th a n  th o se  
c o n n e c te d  w ith  th e  som atic  ones. D ow n’s d isease  is th e  only  e x c e p tio n  to  
th a t .

I n  co n n ec tio n  w ith  th e  sex-chrom osom e a b e rra tio n s  i t  should  be m e n tio n ­
ed t h a t  th e  d iagnosis of such p a th o lo g ica l co n d itio n s  and  in  general th e  reco g n i­
tio n  o f  th e  d iso rders of sexual d ev e lo p m en t h a v e  been g rea tly  fa c il i ta te d  b y  
th e  c h ro m a tin  te s t. A ccording to  th e  p re se n t v iew , sex ch ro m atin  is a h e te ro - 
c h ro m a tic  p a r t  of one of th e  X  chrom osom es in  a func tio n a lly  in a c tiv e  co n d i­
tio n ; i t  s ta in s  w ell even in  th e  nucleus in  th e  in te rp h a se , and  does n o t loosen  u p . 
I t  fo llow s t h a t  an  in ac tiv e  X  chrom osom e c a n  be  p resen t exclusively  in  th e  
fem ale. T h e  sex  ch ro m atin  te s t  t ru ly  re flec ts  th e  po lysom y of th e  X  ch ro m o ­
som e, b e c a u se  in  such cases tw o  o r m ore sex  c h ro m a tin  corpuscles can  be fo u n d  
in  th e  cells.

I n  th e  follow ing th e  m ost o ften  e n c o u n te re d  an d  best know n co n d itio n s  
based  o n  chrom osom al ab e rra tio n s  will be d iscussed.

1. K line fe lter 's  syndrome. T he v a r ia n ts  w ill n o t be d ea lt w ith , ow ing to  
lack o f  sp a c e . T he com m onest an d  m ost im p o r ta n t  sym ptom s are: eu n u c h o i­
dism  g y n a e c o m a stia , sm all tes tic les , m e n ta l d e fec t, s te rility . M orphologically  
th e re  is a dysgenesis of th e  te s tic u la r  tu b u le s . T h e  p a tie n ts  are m ales b y  p h e n o ­
ty p e , b u t  th e y  have  ch ro m atin  p ositive  n u c le a r  sex  and  correspond ing ly  h a v e  
p a th o lo g ic a l sex  chrom osom e se ts . In  ty p ic a l cases th e  chrom osom e c o u n t is 
47, th e re  is  sex  chrom osom e trio so m y  w ith  a sex  chrom osom al se t o f X X Y . 
Less o f te n  X X X Y , X X X X Y  a n d  X X Y Y  se ts , a n d  in  add ition  v a rio u s  fo rm s 
of m o sa ic ism  m ay  occur. The sex ch ro m a tin  te s t  u sua lly  re flec ts  the p resence  
of th e  3 o r 4 X  chrom osom es. T riso m y  is due  to  non -d isjunction  ta k in g  p lace 
e ith e r  d u r in g  m eiosis or a t th e  earlies t p h ase  o f foetal developm en t.
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2. Turner's syndrom e. T h ere  is one case to  every  3000 b ir th s . Clinical 
sy m p to m s: sm all s ta tu re , sexual in fan tilism , o v arian  dysgenesis, p te ry g iu m , 
c u b itu s  valgus, usually , b u t  n o t a lw ays, s te r ility . In  sp ite  of th e  fem ale  p h en o ­
ty p e  n uclear sex is c h ro m a tin  nega tive . C orrespondingly , th e  ch rom osom al 
se t is ab n o rm al, in asm u ch  as th e re  is a 45-chrom osom e set, i.e. m o n o so m y  w ith  
one X  chrom osom e. T he chrom osom al p a tte rn  is designated  X O . T h e  v a r ia ­
tio n s  o f th e  syndrom e w ill n o t be d iscussed here , i t  is only m e n tio n e d  th a t  
th e re  are  also cases d isp lay in g  m osaicism  w ith  tw o  or th ree  k inds o f cell p o p u ­
la tio n . T he cause of m onosom y  is n o n -d is ju n c tio n , w hich p ro b a b ly  tak es  
p lace du ring  sp erm atogenesis , as a re su lt o f w hich a sp e rm atozoon  possessing 
no sex chrom osom e arises an d  th is  fertilizes th e  ovum . T he d e fec tiv e  sex 
chrom osom al set is u n ab le  to  govern  gonadal deve lopm en t, b u t  th e  re s t  o f th e  
g en ita l system  develops in  th e  fem ale d irec tion . T he usual n e g a tiv i ty  of the  
sex chrom osom e te s t  an d  th e  fe r ti l i ty  found  in  som e cases m ay be e x p la in e d  by  
m osaicism .

3. Female w ith m ultip le  X .  E a rlie r, in analogy  w ith  en to m o lo g ica l obser­
v a tio n s  such in d iv idua ls w ere called superfem ales. T his te rm s is m islead in g , as 
th ese  p a tie n ts  are u su a lly  an d  p a rad o x ica lly  less fem inine. M ost o f  th e  p a tie n ts  
are  m en ta lly  b ack w ard  a n d  h av e  borne ch ild ren . T here m ay  be  2 o r 3 sex 
c h ro m a tin  corpuscles in  one cell, depend ing  on th e  presence o f 3 o r 4 ch rom o­
som es. The trip le -X , i.e. th e  X  triso m y , occurs m ore often  th a n  th e  te t r a -X , or 
te tra so m y .

4. Down's disease. T he  sy m p to m s of th e  cond ition  are w ellknow n . T here 
is one case to  every  600 to  700 b ir th s . This is th e  only  fre q u e n t d isease  based  
on som atic  chrom osom al a b e rra tio n . The chrom osom al co u n t is 47 , th e re  is 
tr iso m y  of one of th e  sm a lle s t chrom osom es, chrom osom e 21. As a re su lt of 
cy to g en e tica l in v es tig a tio n s , th e  cases of D ow n’s disease can  now  be d iv ided  
in to  sub-groups.

a )  R egu lar D ow n’s d isease. This is th e  com m onest fo rm . M ost o f the  
p a tie n ts  are  delivered  b y  aged m o thers. The incidence in  an  av e rag e  p o p u la tio n  
is 0.16 per cen t, b u t  if  m o th e rs  u n d e r 25 years of age are in c luded , th e  incidence 
is m uch  lower. In  th e  case o f  m o thers over 40 years of age i t  m a y  be above 
1 per cen t. This too  lends su p p o rt to  th e  genetica l find ing  rev ea led  b y  o th e r 
s tu d ies  th a t  n o n -d is ju n c tio n  d u rin g  m eiosis occurs especially  am o n g  elderly  
fem ales. On th is  basis i t  ap p ea rs  th a t  th is  ty p e  of D ow n’s d isease  m ay  be 
ascribed  to  n o n -d is ju n c tio n  o f m a te rn a l origin.

b) T ran slo ca tio n a l D ow n’s disease. C linically , th e  disease is ty p ic a l of 
D ow n’s disease, b u t  th e  ch rom osom al co u n t is no rm al, 46. O n th e  o th e r  hand , 
one chrom osom e is irre g u la r  in shape , and  a t  th e  sam e tim e  a b ig  o r  a sm all 
ac ro cen tric  is lack ing . T h e  chrom osom e of irreg u la r shape arises as a resu lt 
o f  tran s lo ca tio n , e ith e r  a b ig  an d  a sm all, or tw o sm all a c ro cen tric  ones adhere 
to  each  o ther. T hus, th e re  is also a la te n t tr iso m y  on ch rom osom e 21. The
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su p e rn u m e ra ry  ch rom osom e 21 is tran s lo ca ted  to  som e m em ber of th e  13 — 15 
g ro u p  or of the  21 — 22 g ro u p . Unlike th e  re g u la r  D ow n’s d isease, th is  form  
d ev e lo p s  in  the  o ffsp rings o f  young m o th e rs .

c ) Fam ilial D ow n’s d isease . M any cases o ccu r in  one fam ily , th e  age of 
th e  m o th e r  plays no ro le . T h e  p atien ts  be long  in d iv id u a lly  to  th e  reg u la r  or 
tra n s lo c a tio n a l group . T h e  h e red ita ry  b a c k g ro u n d  is th a t  th e  tran s lo ca tio n  
t h a t  h a d  ta k e n  place in  th e  course of gam etogenesis  o f some p a re n t or m ore 
d i s ta n t  predecessor m a y  le a d  to  the arisal o f a g a m e te  possessing a genetica lly  
b a la n c e d  tran s lo ca tio n , f ro m  w hich a zygote  w ith  a n o rm al p h en o ty p e  dev e l­
ops a f te r  fertiliza tion . I n  th e  course of gam eto g en esis  o f th is  zygo te , gam etes 
in d u c in g  D ow n’s d isease, i .e . gam etes w ith  l a te n t  (tran s lo ca ted ) tr iso m y  m ay 
also  a rise . In  th is w ay  is in h e r ite d  the  tra n s lo c a tio n  on w hich th e  disease is 
b a se d . I n  such cases, to o , th e  la te n t  tran s lo ca tio n  h as  b een  successfully  dem on­
s t r a te d  in  some of th e  c lin ica lly  norm al p a re n ts .

F in a lly , there  are  cases  o f incom plete D o w n ’s d isease, w ith  on ly  a few 
p re g n a n t  sym ptom s; e v e n tu a l ly  even th e  m o st ty p ic a l  signs m ay  be ab sen t. 
F o r  ex am p le , there  m a y  b e  no  m ental r e ta rd a t io n  a n d  there fo re  th e  clinical 
d iag n o sis  is often q u e s tio n a b le . In  such cases m osa ic ism  has been d e tec ted , 21 
tr iso m ie  an d  norm al cell p o p u la tio n s  i.e. ch rom osom e coun ts o f 46 an d  47 
h a v e  b een  found. F o r e x a m p le , in  the  b lood  c u ltu re s  b o th  cell p o p u la tio n s  
o ccu r w ith  the  sam e f re q u e n c y , whereas in  sk in  b io p sy  specim ens a no rm al 
cell p o p u la tio n  can o n ly  b e  dem onstra ted .

T h e  universally  a c c e p te d  ru le is th a t  to  ex c lu d e  or p rove  m osaicism  various 
tis su e s  shou ld  be e x a m in e d  sim ultaneously , ta k in g  specim ens possib ly  from  
b o th  h a lv es  of th e  b o d y .

5. Other autosomal tr iso m ys  are uncom m on, a n d  i t  is h a rd ly  lik e ly  th a t  
new  ty p e s  will be d isco v e red , because i t  is v i ta l  t h a t  th e  genetical su b stan ce  
c o n te n t  o f th e  som atic  chrom osom es be b a la n c e d .

a) Trisom y 17—18, or E-trisom y. T he tw o  q u estio n ab le  chrom osom es 
c a n n o t alwrays be d is tin g u ish e d . Seven cases h a v e  been  rep o rted . T he ty p ica l 
sy m p to m s  are m en ta l r e ta rd a t io n ,  sm all m a n d ib le  an d  m o u th , low -lying, 
d e fo rm ed  ears, p te ry g iu m , f le x io n  deform ities o f  th e  fingers, sh o rt, th ic k  toes. 
T h e  p a t ie n t  usually  dies in  th e  firs t e x tra u te r in e  life.

b ) Trisom y 13 —15, or D -trisom y. T he th re e  q u estio n ab le  chrom osom e 
p a irs  c a n n o t alw ays be  d is tin g u ish ed . F o u r cases a re  know n. T he sy m p to m s 
a re  m e n ta l  re ta rd a tio n , g ra v e  eye defects, h y p e rc o n v e x  fin gerna ils , sp lit 
p a la te  an d  sp lit lips, h aem an g io m as, irreg u la r p a lm a r  sk in  folds, in te rv e n tr ic ­
u la r  s e p ta l  defect. T hese  p a tie n ts  liable to  d ie  w ith in  a few m o n ths 
a f te r  b ir th .

6. Chronic m yeloid leucaem ia . In  som e p a t ie n ts  an  irreg u la r so-called 
P h ila d e lp h ia  chrom osom e, c a n  be found. T he c o n d itio n  does no t belong to  th e  
tru e  ch rom osom al d iseases, as th e  change does n o t  invo lve  every  cell o f th e
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in d iv id u a l, b u t  is re s tr ic te d  to  th e  tu m o u r  cells. One m em ber o f th e  chrom osom e 
p a ir 21 has an ir re g u la r  shape , ascribed  to  a p a r tia l loss o f chrom osom al 
sub stan ce .

7. H erm aphroditism . In  th e  tru e  h e rm ap h ro d ite s , i.e. th e  p a tie n ts  pos­
sessing b o th  k in d  o f gonad , th e re  o u g h t to  be th e o re tic a lly  a m alefem ale 
chrom osom al m osaicism . A few cases have  been found . In  th e  v a rio u s  form s of 
p se u d o h e rm ap h ro d itism  th e re  are no chrom osom al changes. T h e  chrom osom al 
sex is th e  sam e as th e  gonadal sex. I t  w ould be o u tside  th e  scope o f th is  rep o rt 
to  deal w ith  th e  h ith e r to  d e m o n s tra te d  o th e r genetical changes.

As we have seen, d u rin g  th e  six  years  of th e  advance  o f h u m a n  cy to g en e t­
ics, m an y  v a lu ab le  o b se rv a tio n s h av e  been m ade, d isclosing in  v a rio u s  diseases 
th e  u n d erly ing  ch rom osom al ab e rra tio n s . I t  w ould be in te re s tin g  to  know the  
causes responsib le  fo r th e  discussed d iso rders of cell d iv ision , n o ta b ly  non- 
d is ju n c tio n  and  tra n s lo c a tio n . One fa c to r  is th e  age of th e  m o th e r. T he various 
rad io ac tiv e  effects, to o , u n d o u b te d ly  p lay  a role. In  th is con n ec tio n  I wish to  
q u o te  th e  ev idence rep o rted  in  1961 b y  G a r d n e r . H e cla im ed  th a t  if  every  
m an  liv ing  on e a r th  h ad  received th e  officially  to le ra te d  dose o f irrad ia tio n , 
th a t  w hich  for ex am p le  th e  rad io log ists  get, th e  n u m b er of th e  so-called  sp o n ta ­
neous m u ta tio n s  w ould  be doub led . A t an y  ra te , we can  agree w ith  th e  opinion 
th a t  in  view  of th e  ex trem ely  com plex  process of m ito tic  cell d iv ision  involving 
sy s te m a tic  g ro u p in g  an d  reg roup ing , th e n  re -sep a ra tio n  o f th e  genetical 
m a te ria l, it  is n o t a s th o n ish in g  th a t  errors occur in th e  process. W h a t is su r­
prising  is th a t  th e y  occur so in freq u en tly .

R E L A T O R

L. Horváth

(Academy for Special Pedagogics D epartm ent of Physiology, B udapest)

A etio logy  o f  M ental D efic ien cy

E v ery  fu n c tio n a l or m orphological change affec tin g  tissu es , organs, 
o rg an  system s o r th e  organ ism  as a w hole, ou tside  th e  ran g e  o f v a ria tio n  for 
th e  g iven species, th a t  develops w hile th e  d ev e lo p m en t-d e te rm in in g  factors 
are  ac tive , shou ld  be classified  as a d ev e lopm en ta l d iso rd er. A n analysis of 
th is defin ition  w ill show  th a t  d ev e lo p m en ta l defects m ay  be o f genetic  origin, 
b u t  m ay  also arise  as a re su lt o f en v iro n m en ta l changes.

T he two fa c to rs , th e  genetic  and  th e  p e ris ta tic  o ften  a c t in  com bination  
on th e  develop ing  in d iv id u a l. T he d e fin ition  m akes i t  c lea r th a t  th e  concept 
o f d ev e lo p m en ta l defec t ex ten d s to  fu n c tio n a l changes as well. In defining 
th e  concep t, we m u s t ta k e  in to  con sid era tio n  th e  p rin c ip les  o f m olecular 
b io logy; this is c learly  re flec ted  b y  th e  te rm  in b o rn  e rro r  o f m etabolism .
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T h ese  cond itions u su a lly  a rise  as a resu lt o f recessive h om ozygo te  allele-gene 
c o n fig u ra tio n , show ing no m orpho log ica l ch a ra c te ris tic s  a t  b ir th , an d  m a n i­
fe s tin g  them selves la te r , in  in fa n c y  or ch ildhood. In  ad d itio n  to  th e  erro rs 
o f  in te rm e d ia te  m e tab o lism , th e  d is tu rb an ces m a y  a ffec t v a rio u s o th e r fu n c­
t io n s , inc lud ing  th e  d e v e lo p m e n t o f  m en ta l a c tiv ity , w hich , on th e  o th e r h an d , 
m a y  also  arise as one o f th e  sy m p to m s of a m e tab o lic  e rro r.

T h e  sensory an d  m o to r  a c tiv ita te s  as well as th e  n eu ro h o rm o n a l reg u ­
la t io n s  develop th ro u g h  w e ll-d e fin ed  m orphological an d  fu n c tio n a l stages u n til  
th e  in d iv id u a l has becom e c a p a b le  of ac ting  p u rp o se fu lly , th in k in g  log ically  
a n d  o f  ad ap tin g  h im se lf to  th e  en v iro n m en t. E sse n tia lly , w h a t we deal w ith  is 
a d ev e lo p m en t of th e  in te l le c t  as a fu n c tiona l u n it ,  show ing  ch a rac te ris tic  
s ta g e s  in  th e  course o f life .

I f  in  some stage  so m e th in g  in terferes w ith  d e v e lo p m en t an d  as a re su lt 
th e  m e n ta l capacities o f th e  in d iv id u a l will n o t m e e t th e  average  s ta n d a rd s  
fo r i t s  age, m aking i t  im p o ssib le  fo r th e  person to  f i t  in to  socie ty  or to  lead  an 
in d e p e n d e n t life la te r , we sp e a k  ab o u t m en ta l b ack w ard n ess .

I t  m u st be s tre ssed  t h a t  how ever severe th e  m e n ta l backw ardness, 
o lig o p h ren ia  (idiocy, im b e c ility , deb ility ), i t  is m ere ly  one sy m p to m  o f a given 
p a th o lo g ic a l cond ition , th e  m orpho log ica l basis o f w hich  is d e te rm in ed  b y  
ir re v e rs ib le  changes in  th e  c e re b ra l cortex . F o r th is  rea so n  we should  speak  
a b o u t  conditions asso c ia ted  w ith  m en ta l b ack w ard n ess  an d  n o t m erely  
a b o u t  o ligophrenia, w hich  te rm  does give m uch in fo rm a tio n  a b o u t th e  defect 
b u t  as far-reach ing  consequences as regards th e  fa te  o f th e  in d iv id u a l in  society .

L ike  all o ther d e v e lo p m e n ta l d isorders, th e  co n d itio n s associa ted  w ith  
m e n ta l  deficiency are c lassified  accord ing  to  genesis in to  fo u r groups,

1. G am etopath ies
2. C hiem opathies
3. N eogonopathies
4 . P o s tn a ta l in ju rie s

A d  1. G am eto p a th ies , in  P a c h e ’s te rm in o lo g y  a re  th e  develo p m en ta l 
d iso rd e rs  o f p reconcep tional o rig in .

C onditions asso c ia ted  w ith  m en ta l defects o f g a m e to p a th ic  n a tu re  m ay  
be  d iv id e d  in to  tw o g ro u p s.

I .  Id io ty p ic  g a m e to p a th ie s  
I I .  H ete ro ty p ic  g a m e to p a th ie s

1. recessive h y m o z y g o te  com bination
2. b lastophoria

a) po in t m u ta tio n
b)  k a ry o p a th y

i. a b e rra tio n  in  chrom osom al co u n t
ii. s tru c tu ra l ch rom osom al anom alies.
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Id io ty p ie  g am e to p a th ie s  are  in h e rite d  d o m in a n tly . The b e s t m e th o d  
for d e tec tin g  th e m  ap p ears  to  he to  c o n s tru c t a d e ta iled  fam ily tre e  a n d  to  
analyse i t  in  d e ta il.

T he c h a ra c te rs  of th e  in d iv id u a l su ffering  from  he te ro typ ic  g a m e to p a th y  
differ from  those  o f th e  p a re n ts . The o ligophren ic  cond itions based on recessive  
in h eritan ce  are  th e  en zy m o p ath ies , as also th e  p ro p o rtio n a te  from  of o steogen ic  
m icrocephaly  a n d  o th e r  m esoderm al changes (fo r exam ple A p e r t ’s d isease).

T he en zy m o p a th ie s  accom panied  b y  m e n ta l defects are

Disorders o f  carbohydrate metabolism

1. G alac tosaem ia
2. S ucrosuria
3. G lycogen th esau ro s is
4. G argoylism
5. S po n tan eo u s hyp o g ly caem ia

Disorders o f  lip id  metabolism  
1. P rogressive leu co en cep h a lo p a th y

a ) ty p e Sch ilder
l>) ty p e K rab b e

c) ty p e Scholz
d) ty p e G reenfield

<>) M etach ro m atic

f ) B aló’s disease

g ) P elizaeus-M erzbacher’s
syndrom e

2. P rogressive poly lipo idosis

a )  am au ro tic  Id io cy
i. N o rm an -W o o d ’ disease
ii. T ay -S ach s’ disease
iii. B ie lschow sky’s disease
iv. S p ie lm ayer-V og t’ disease 
V .  K u f’s sy n d ro m e

b) N iem an n -P ick ’disease
c) G au ch er’s disease
d)  T rig ly cerid aem ia

Other metabolic disorders

1. W ilson’s disease
2. C ongen ita l renal tu b u la r
3. Low e’s sy n d ro m e
4. M icrocephaly  (sex-bound)

D isorders o f  protein m etabolism

1. P h e n y lk e to n u ria
2. S u cc inoarg in inu ria
3. C y sto th io n u ria
4. M aple sy ru p  disease
5. H a r tn u p ’s disease
6. C y stin u ria
7. O asth o u se -u ria
8. G ly c in u ria
9. P seu d o -h y p e rtro p h ic  m u sc u la  

d y s tro p h y
10. His t id inur ia
11. G A B A -uria
12. H y p e rb iliru b in aem ia  w ith o u t 

iso im m u n iza tio n
13. T  -p ig m en tu ria
14. T h y ro sinosis

D isorders o f  calcium m etabolism

1. In fa n tile  hypercalcaem ia
2. P seu d o h y p o p a ra th y ro id ism
3. E p ilep sy  due to  cerebral c a lc if ic a ­

tion

acidosis
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5. P y rid o x in e -d ep en d en ce
6. H y p sa rrh y th m ia
7. J o s e p h ’s syndrom e
8. Id io p a th ic  cre tin ism

T h e  above  cond itions are  based  on m o le c u la r  changes of th e  g en e tic  code, 
i.e . on  th e  a lte ra tio n  o f th e  s tru c tu ra l p ro te in  m a t te r  of the  gene locus (c is tro n ). 
T h u s  a cco rd in g  to  th e  th e o ry  o f “ one gene-one enzym e”  the  above co n d itio n s  
are  d u e  to  d am ag e  to  th e  genes, inducing  d e fe c tiv e  p ro te in  syn thesis  o r  enzym e 
sy n th e s is  on  g rounds o f an  ab ovo defective tra n sp o s itio n  of th e  m essenger and  
t r a n s fe r  R N A . T hus a h e re d ita ry  enzym e b lo c k  or enzym e d e fic ien cy  will 
a rise , le a d in g  to  an  accu m u la tio n  of in te rm e d ia te  m etabolic p ro d u c ts  d a m a g ­
in g  th e  tissu es , f ir s t  o f all th e  nervous sy s te m , an d  producing a p ro g ressive  
m e n ta l d is tu rb a n c e  w ith  read ily  d e m o n s tra b le  neurological sy m p to m s.

A lm o s t 10 p e r c en t o f th e  m en ta lly  d e fe c tiv e  persons suffer fro m  en z y ­
m o p a th ie s .

B la s to p h th o r ia  m eans a dam age to  germ  cells caused by  p e r is ta tic  fac to rs ; 
i t  occu p ies  a p ro m in en t p o sitio n  in  th e  ae tio lo g y  o f conditions a sso c ia ted  w ith  
o lig o p h ren ia .

B la s to p h th o r ia  m ay  be induced  b y  in fe c tio u s  diseases (m a in ly  p a ro t i ­
tis  a n d  h e p a titis ) , in d u s tr ia l  poisoning, b ra in  com m otion , p ecu lia r psych ic  
c o n d itio n s , d iso rders of n u tr i t io n , b u t f ir s t  o f  a ll b y  ionizing ra d ia tio n s . T he 
b es t k n o w n  b la s to p h th o ric  cond ition  is k a ry o p a th y .

T h e  o lygophren ic  co n d itions w ith  a b n o rm a l k a ry o ty p e  are as follow s

I. Chromosome count anomalies

Clinical pat tern Chr. complement Chr. count

Down’s syndrom e ................... 21 trisomy 47
K linefelter’s sy n d ro m e ........... XXYY 48
T urner’s syndrom e ................. x o 45
K linefelter +  D o w n ................. X X Y  21 trisomy 48
S u p erfem ale ................................. X X X 47
? (o ligoph ren ia ).......................... 6 trisomy (?) 47
facial anom aly .......................... 22 trisomy (?) 47
oligophrenia .............................. x x x x 48

A cco rd in g  to  th e  M arch 1963 U N  co m m itee  re p o r t  on the  effects o f  a to m ic  
ra d ia t io n s , b a ck g ro u n d  ra d ia tio n  on E a r th  is s tead ily  increasing . T h e re  is 
a l in e a r i ty  be tw een  dose an d  effect, b u t th e re  is no th resho ld . T h e re fo re  i t  
c a n n o t be  p o s tu la te d  ca teg o rica lly  th a t  th e re  is such  a sm all dose w h ich  has 
or m a y  h a v e  no effect. As show n by  g eo p h y sica l m easurem ents, th e re  is a
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II. Anomalies of chromosomal structure

Clinical pattern Chromosoina pattern Chromosoina
count

Polydyspondylia ........................ 2 2 ~  (13 15) 45
Fam ilial oligophrenia with 

speech defect .......................... 22 ~  (13 -1 5 ) 45
Down’s syndroma .................... 21 — 22 46

Down’s syndrome ................... 21 ^  21, or 19 trisom y and 21 monosomy 46
H ypertonic oligophrenia......... ( 1 —2) ~  (6—12) 46

Complex fr ................................... 16 ~  21, or 21 trisom y and 16 monosomy 46

P seudoherm aphroditism ......... 21 — Y 46
T urner’s syndrome ................. thickened X 46
M arfan’s syndrom e................... thickened satellits 46

m eteoro logical phenom enon  am p ly  discussed in  th e  re p o rt, n o ta b ly  th a t  of 
th e  re la tiv e  s ta b ility  of a ir m asses s itu a te d  a long  th e  m erid ians. T h is is re sp o n ­
sib le  for th e  fac t th a t  th e  rad io ac tiv e  fa llo u ts  o f w ar-tim e an d  ex p e rim en ta l 
a to m ic  explosions reach  c o n s ta n t co n cen tra tio n s  corresponding  to  th e  m erid ­
ian s . T his is in d ica ted  b y  th e  90 Sr c o n cen tra tio n s  in  m ilk found  in  9 co u n tries , 
as well as by  th e  increase  in  th e  90 Sr c o n te n t o f soil m easu red  a t  d iffe ren t 
m erid ian s. These are m erely  tw o  selected  d a ta  from  am ong a g re a t n u m b er 
o f sim ilar ones. F rom  th e  p o in t o f view  of genetic  p o p u la tio n , 14 C w ith  its  
half-life  o f 5 760 years is p a rtic u la r ly  dangerous.

A ccording to  H a h n  an d  H e v e s y , D N A  syn thesis  is h ig h ly  rad io -sen si­
tiv e . W o l f f  has p o in ted  o u t th a t  ionizing ra d ia tio n  m ay  cause b re a k s  in  th e  
chrom osom es, follow ed e ith e r  b y  re s titu tio n , or b y  an adherence o f th e  b roken  
o ff  p a r ts  to  o th e r areas. T hese ab e rra tio n s  m ay  cause an u n ev en  d is tr ib u tio n  
o f  chrom osom es a t  cell d iv ision . Such b reak s  are p roduced  m a in ly  b y  th e  
in co rp o ra tio n  of 14 C, 3 H , b u t  m ay  be in d u ced  also by  UY ra d ia tio n s , i t  m ust 
be em phasized  th a t  a cause-effec t re la tio n sh ip  exists be tw een  ion iz ing  ra d i­
a tio n  and  th e  incidence of chrom osom al ab e rra tio n s , desp ite  th e  fa c t th a t  in 
an  E d ito ria l o f th e  B ritish  M edical Jo u rn a l (1, I960, 1944) i t  has b een  po in ted  
o u t th a t  th e  sudden  increase in  th e  incidence o f leucaem ia in  G rea t B rita in  had 
n o th in g  to  do w ith  th e  increase  in  b ack g ro u n d  rad ia tio n .

A ccording to  th e  U N  re p o rt, th e  freq u en cy  of ch rom osom al a b e rra tio n s  
is 1  to  1 0 0  b irth s . O n e -fitfth  o f th e  p a tie n ts  su ffer from  D ow n’s sy n d ro m e , 1 / 5  

from  K linefe lte r’s sy n d ro m e. D ow n’s sy n d ro m e  is no t a lw ays d iagnosed  in 
new b o rn  age. A ccording to  0 S T E R ,  in  2 1  p e r c en t of th e  cases th e  o b s te tr ic ia n s  
fail to  re p o rt it.

In  H u n g ary  we d ev o te  g re a t a tte n tio n  to  ch ild ren  w ith  D ow n’s sy n d ro m e  
reach in g  school age. A ccord ing  to  a su rv ey  m ade in  1960, th e re  a re  ce rta in

3  Acta Morpbologica Suppl. X I I I .
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a rea s  in  th e  co u n try  (for ex am p le  co u n ty  Som ogy) w here  h a rd ly  an y  o f such  
ch ild ren  b o rn  in  th e  p e rio d  1945—1955 h ad  re a c h e d  school age. In  th e  sam e 
p e rio d  th e  larg est n u m b e r  o f  m ongoloids w ere b o rn  (exclud ing  B u d ap est)  in  
c o u n ty  Z ala . A n o th er su rv e y  will be m ade in 1965, to  fac ilita te  com parison  
w ith  th e  above d a ta .

T h e  incidence o f  g a m e to p a th ic  co n d itions a re  re m a rk a b ly  h igh  in  th e  
1962 W H O  s ta tis tic s  o f th e  children

1 p e r cen t h a d  chrom osom al a b e rra tio n
1 p e r cen t h ad  sex -b o u n d  or d o m in a n tly  in h e rite d  d is tu rb an ces
1.5 p er cen t su ffe red  from  m ental, or severe  co n s titu tio n a l h e re d ita ry  

disease
2.5 p er cen t h a d  m orpho log ica lly  w ell-defined  d ev e lopm en ta l anom alies.

Total : 6 p er cen t.
T h u s , a lm ost ev e ry  1 7 th  child suffered fro m  g am e to p a th y .
T h e  in fo rm a tio n  co n cern in g  th e  freq u en cy  o f g am eto p a th ies  is su p p le ­

m e n te d  b y  th e  4 0 -y ea r d a ta  on the  genetic  a n d  p e r is ta tic  causes o f d e a th  
p u b lish e d  b y  Ca r t e r :

Year Cause of death, per  cent
Perista tic Unknown P ar t ly  genetic Genetic

1914 68 15.5 14.5 2

1954 14.5 48.0 25.5 12

T h e chiem opathies, d is tu rb an ces  acq u ired  d u rin g  in tra u te r in e  life, are 
o ften  associa ted  w ith  g a m e to p a th ic  cond itions. T h ere  are  sym p to m s w hich 
m a y  be of b o th  g a m e to p a th ic  and  ch iem o p ath ic  orig in . Such changes are  fo r 
ex am p le  m icrocephaly , sp in a  b ifida , m ic ro p h th a lm ia , pala to sch isis , d eg en er­
a tio n  o f th e  organ  o f  C orti, congenital c a ta ra c t ,  e tc .

In  an  effort to  d e te rm in e  th e  origin o f te ra to g e n e tic  tim e-tab le  for use 
a t  th e  P reg n an cy  P o ly c lin ic  (H ead : D r. D. M a rg ita y — B echt). W henever 
th e re  is reason  to  su sp ec t sense  d is tu rb an ce , th e  e x p e c tin g  m o th er is k e p t u n d e r 
o b se rv a tio n  from  th e  f i r s t  o r  second m o n th  o f p re g n a n c y  th e  d a ta  of concep ­
tio n  (som e m others can  te ll i t  fo r day  or even  h o u r), an d  th e  fac to rs th a t  m ay  
cause  h a rm  are reco rd ed  on  th e  tim e-tab le . A fte r  de livery  th e  new born  is 
su b je c te d  to  deta iled  e x a m in a tio n , and a t  th e  age of a few m on th s its  m e n ta l 
d e v e lo p m en t is ap p ra ised  b y  th e  B iih ler—H e tz e r  te s t .  T h ereb y  we m ay  o b ta in  
ea rly  in fo rm a tio n  as to  e v e n tu a l defects in  m e n ta l developm ent.

T h e  ch iem opath ies fa ll in to  3 groups.
a)  T he  zygop ath ies  a rise  in  th e  firs t fo r tn ig h t  a f te r  conception  an d  u su a l­

ly  lead  to  early  te rm in a tio n  o f  th e  p regnancy . Z y g o p a th ic  fac to rs are h y p o x ia , 
chem ica l agen ts (Li, d ru g s , qu in ine, su lp h o n am id es) an d  ionizing ra d ia tio n .
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T he zygop ath ies  h av e  no significance in  g iv ing  rise to  m e n ta l defect, ex cep t 
w hen seg m en ta tio n  is o f k a ry o p a th ic  ch a ra c te r .

b)  T he em b ry o p a th ie s  develop from  th e  g a s tru la  till th e  h aem a to tro p h ic  
s tage , i.e. till th e  d ev e lo p m en t of th e  p lacen ta  (2nd  w eek to  12th  w eek).

D urin g  th a t  period  th e  fac to rs  affec ting  th e  em b ry o  cause necrosis an d  
d eg en era tio n  o f tissues, u su a lly  b y  in tra -  or e x tra e m b ry o n ic  haem orrhages.

T h e  q u a lity  of th e  an o m aly  is chronospecific , even  w hen th e  n oxa  is 
d e fin ite ly  organspecific .

T he causes o f e m b ry o p a th y  are:

1. H ypoxia  ( B r a u n , G e r e  a n d  Sz e k e r e s , I n g a l l s )
2. Microbiological effects (v iru ses :  G r e g g , T ö n d u r y )
3. Chemical factors  (T halidom ide /S peirs/, b a r b i t u r a t e s  / P o t t e r /, 

su lp h a  d rugs /C s a b a y /).
4. M etabolic diseases (d iabetes m ellitus) ( B ü c h n e r , K e l e m e n , W o r m )
5. Ion izing  radiation  (O t t w e i l e r , W e i s s ).

D evelopm en t o f th e  n eu ra l tu b e  and  th e  3-vesicle stage  o f th e  b ra in  
fall to  th e  th ird  an d  fo u rth  weeks of p regnancy . D u rin g  th e  5 th  and  6 th  w eeks 
develops th e  5-vesicle s tag e , while s tra tif ic a tio n  o f th e  pallium  begins a t  6 
w eeks an d  is well u n d e r w ay  by  th e  end of th e  e m b ry o p a th ie  stage . I t  is beyond  
d o u b t th a t  th e  e m b ry o p a th ie  conditions are  acco m p an ied  in  a lm ost every  
case b y  severe an d  irreversib le  changes.

D iagnosis req u ires  a v e ry  th o ro u g h  e x am in a tio n  o f th e  p a tie n t, because 
th e  e m b ry o p a th ie  changes d e tec tab le  in o th e r  organs su p p ly  reliable in fo r­
m a tio n  to  th e  tim e  o f te ra to lo g ica l te rm in a tio n . Special a tte n tio n  shou ld  be 
d ev o ted  to  p regnancies o f nurses, n u rse ry  em ployees an d  teach ers  w ho are 
o ften  exposed to  v ira l in fec tion . V iral em b ry o p a th ies  a re  now  th o u g h t to  occur 
less fre q u e n tly  as it  w as supposed  earlier. In  400 cases o f ou r m a te ria l som e 
in ju rio u s  fac to r (e.g. ca rb o n  m onoxide in to x ic a tio n , b a rb itu ra te  poisoning, 
v ira l diseases such  as G erm an  m easles, h e p a titis , p a ro tit is , p o s tv acc in a tio n  
sy n d ro m e) h ad  c e rta in ly  d em o n stra ted  occured d u rin g  em bryogenesis y e t th e  
new born  show ed no patho lo g ica l change w h a tev e r. O n th e  o th e r han d , in  som e 
cases G erm an m easles in  th e  en v iro n m en t, o lig o sy m p to m atic  herpes, or m egale- 
ry th e m a  p roduced  classic em b ry o p a th ie  cond itions.

c)  F o e to p a th ie s  are  acqu ired  during  m orphogenesis , in  th e  period from  
th e  12 th  w eek till  b ir th .

T h is period  is ch a rac te rized  by  h a e m a to tro p h ic  n u tr i t io n , by  a ce rta in  
degree o f ce llu lar and  h u m o ra l p ro tec tio n  o f th e  foe tus, w ith  th e  ap p earan ce  of 
th e  re ticu lo en d o th e lia l sy stem  and  the  b eg inn ing  o f re a c tiv ity  to  d iffe ren t 
fac to rs : T h u s, th e  fo e tu s  responds to  such n oxae  n o t on ly  w ith  degenera tion , 
b u t  also w ith  an  in f la m m a to ry  process. In  g enera l th e  re su ltin g  a b n o rm a lity  is 
non-specific . W ohlw ill fo u n d  patho log ica l changes in  th e  p lacen ta  in 42 per

3*
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c e n t o f  sp o n tan eo u s ab o rtio n s  a t  3 to  6 m o n th s . This m u st s tim u la te  th e  inves­
t ig a to r s  to  ca rry  ou t s tu d ies  o f  th e  p la c e n ta  in  every  case o f la te  sp o n tan eo u s 
a b o r t io n .

T h e  causes of fo e to p a th y  m a y  be d iv ided  in to  th re e  g roups:

1. M icrobiological causes
2. Im m unbio log ica l causes
3. M etabolic d isorders.

1. F ro m  th e  p o in t o f v iew  o f in fec tio n  th e  foetus is en d an g e red  from  tw o 
d ire c tio n s .

a )  T h e  allantoic flu id  m a y  he in fec ted  as a re su lt o f p a r ie ta l  chorioam nio- 
n i t is  o r  e a r ly  ru p tu re  of th e  m em b ra n e s , p receded  b y  som e n o n -s te rile  m a n ip u ­
la t io n . T h e  in fec ted  a llan to ic  f lu id  is p a r t ly  a sp ira ted , p a r t ly  sw allow ed b y  the  
fo e tu s , le ad in g  to  in fection  th ro u g h  th e  re sp ira to ry  or d igestive  t r a c t .

b)  T h e  chorionic villi m a y  be in fec ted : th e  p a th o g en ic  a g e n t en te rs  th e  
fo e ta l c ircu la tio n  and gives rise  to  h aem ato g en ic  g en era liza tio n .

T h u s , th e  m icrobiological fa c to rs  e x e r t th e ir  fo e to p a th ic  ac tio n  b y  a ffec t­
in g  th e  m em branes (p a rie ta l ch o rio am n io n itis , p lacen titis)  in  th e  f ir s t  p lace: 
su ch  fa c to rs  are th e  v iruses o f cy to m eg a ly , ch ickenpox , p o lio m yelitis , in fluenza , 
sm a llp o x ; fu r th e r  tu b e rcu lo sis , syp h ilis , listeriosis, toxop lasm o sis , an d  E n ta ­
m o e b a  h is to ly tica .

2. T o  th e  im m unbio log ica l fa c to rs  belong th e  m a in  b lood  g roup  and  
R H  in c o m p a tib ilitie s  w hich  a ffec t 0.3 p e r cen t o f th e  foe tuses, w ith  th e  
s p re a d  o f  ea rly  exchange tra n s fu s io n s  th e y  have lo st m u ch  of th e ir  sign if­
ican ce .

3. T h e  effect on th e  fo e tu s  o f m a te rn a l m etabo lic  d iseases h a v e  been 
s tu d ie d  ex ten siv e ly , y e t fo e to p a th ie s  m u s t still be in v e s tig a te d . — E v idence  
is s till  sca rce  re la tive  to  th e  fo e tu ses  of m o th e r suffering from  endocrino logical 
d iseases  o th e r  th a n  d iab e tes  m e llitu s . T he fo e to p a th ic  re la tio n s  o f d iabe tes 
a re  f a ir ly  w ell-know n. W hite  fo u n d  d ev e lo p m en ta l d iso rders in  12 p e r cent 
o f  th e  ch ild ren  of d iabe tic  m o th e rs . T hese d isorders w ere o f em b ry o p a th ie  
n a tu re .  T h e  sp a s tic a s ta tic -h y p e rk in e tic  syndrom e asso c ia ted  w ith  m en ta l 
d e fe c ts , described  b y  M a y e r , is considered  to  be a d iab e tic  fo e to p a th y .

The neogonopathies

P e r in a ta l  factors effect m a in ly  th e  b ra in  of th e  new born  d u rin g  p ro g res­
sive  cep h a lisa tio n , w hich is a p rocess p ecu lia r to  m an , th a t  in  tu rn  m ay  have 
a d ec is iv e  in fluence on th e  fu r th e r  d ev e lo p m en t of th e  n erv o u s sy stem , in c lu d ­
in g  in te l le c tu a l  developm ent.

T h e  neogonopath ies m a y  be d iv id ed  in to  th ree  groups.
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1. H ypox ia  o r ischaem ia .
a )  P ro tra c te d  delivery : d isorders o f  ro ta tio n , p o s tu re , p ro lapse  

of th e  co rd , u te rin e  in ertia , te ta n u s - tr is m u s  u te ri, dev e lo p m en ta l 
d iso rders o f th e  u te ru s , narrow  pe lv is .

b) H aem o rrh ag e  d u rin g  delivery: p la c e n ta  p rev ia , v asa  p rev ia , p re ­
m a tu re  d e ta c h m e n t of the p la c e n ta , u te ro -p la c en ta r  apop lexy , 
fo e to m a te rn a l sh u n t.

2. T rau m a
a)  N arrow  pelvis
b) O b ste tric  h y p e ra c tiv ity  (expression  o f th e  foetus, forceps)

3. P re m a tu re  de livery
N eogonopath ic  n erv o u s changes are u su a lly  ch arac terized  b y  asp h y x ia . 

T he m ethods of re su sc ita tio n  applied in such  cases m ay  also h a rm  th e  nervous 
sy stem . The foetus to le ra te s  hypox ia  well, b u t  th e  rew arn ing  of th e  new born  
increases th e  ra te  o f  en zy m atic  processes a n d  th e re b y  th e  oxygen  d em an d  
o f tissues, is n o t a fo r tu n a te  in te rv en tio n . Slow , progressive  w arm ing  up  w ould  
cause less dam age to  th e  nervous system .

M icro-lesions o f th e  nervous system  are  recogn ized  only la te r . I t  is ad v is­
able to  exam ine th e  n ew b o rn s from  the  f irs t m o n th  on w ith  the  B iih le r— H etze r 
te s t ;  in th is  w ay  defects m a y  be detec ted  a t  an  ea rly  period.

I t  is m y in te n tio n  to  om it th e  in fectious d iseases of th e  new born ; because 
in possession of o u r m o d ern  w eapons these  m u s t n o t be allow ed to  develop.

Postnatal affections

M eningoencephalitis and  encephalosis a re  u n d o u b te d ly  the  m o st im p o r­
ta n t  in th is  group . T h e  syndrom es consequen tia l to  b ac te ria l, v ira l an d  allergic 
m en ingoencephalitis  will n o t dealt w ith  here . E ncephalosis  m ay  give rise to  
a cond ition  ju s t  as severe as th a t  p roduced  b y  encephalitis . E v e ry  loss of 
consciousness m ay  p ro d u ce  serious and  irrev e rs ib le  changes in  th e  cen tra l 
n erv o u s sy stem , irre sp e c tiv e  of it  hav ing  b e e n  caused by  b a c te ria l to x in , 
carbon  m onoxide, alcohol, v itam in  B, defic iency , liver disease, g rave  a n ae ­
m ia or ketosis.

I t  has to  be m en tio n ed  th a t  encepha litis  o r encephalosis u su a lly  develop 
on grounds of p rev ious n ervous affections ( in tra u te r in e  lesions, dam age su s ta in ­
ed du ring  delivery ).

Ion izing  ra d ia tio n  is a fac to r th a t  m u s t n o t be ignored  tvhen discussing 
p o s tn a ta l d is tu rb an ces . W e m ay m ention  in  b r ie f  21 cases, in w hich erroneous 
ca lcu la tion  has led  to  ex posu re  of the ch ild’s h ead  infec ted  w ith  M icrosporon to  
fourfold  X -ray  doses to  ind u ce  ep ila tion . T h e  ra d ia tio n  in ju ry  caused oligo­
p h ren ia  w hich is s till in  progress.
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T h e  a im  m ay be fo rm u la te d  b riefly : te ra to lo g ica l p ro p h y lax is . T h is is 
p a r t  o f  th e  f ig h t begun b y  P a s te u r , Sem m elw eis, K och , E h rlich , F lem in g  and  
m a n y  o th e rs  and  carried  on b y  th e  u n k n o w n  lab o u re rs  of m edicine d a y  b y  day . 
B y  th e  recogn ition  of th e  cau se-effec t re la tio n sh ip  o f th e  p h en o m en a  a n d  by  
th e  e lim in a tio n  of th e  causes we m ay  save m a n y  lives, p ro b a b ly  m o re , as 
H e i s e r  h a s  p u t it, th a n  w h a t m a n y  a general has been allow ed to  sacrifice .

Márta Erdélyi, S. Braun

(D epartm ent of A natom ical Pathology, Péterfy H ospital, B udapest)

Teratogenic Aspects o f  the Principal Morphogenetic Phases 
in Early Chick Embryos

T eratogenic  investigations have been made by means of Janus green B, N -m ethyl- 
phenazonem etasulphate, lithium  chloride and rhodanates. Recording of the m orphogenetic 
process an d  a new method of enzym e detection  have made i t  possible to  ex tend  analysis 
to th e  early  phases of developm ent.

T re a tm e n t of the chick b lastoderm  w ith d ilu ted  Janus green В in the early  phase 
of m orphogenesis causes the appearance of m itochondrial succinic dehydrogenase positive 
areas, w h ich  reflect the actual stage  of developm ent. This means th a t, a lthough  there  is 
a b u n d a n t dye for the entire em brionic disk, only the presum ptive areas corresponding to 
the age of th e  embryo are capable of binding the dye. The dye is decomposed u n d er the in­
fluence o f dehydrogenase, a phenom enon indicative of the presence of m itochondrial activ- 
v ity . H ig h er concentrations of Ja n u s  green В give rise to the production of living m on­
sters w ich are phase specific in accordance w ith the detected  presum ptive areas.

I. Éliás, I. Sándor

(R esearch  Centre for N orm al and  Pathological Em bryology, Tim isoara, R um ania)

Morphogenetic Characteristics o f Young Chick Embryos 
in Teratological Experiments

Chick-em bryos are widely used in teratogenic model experim ents. Most investigators 
have been concerned with the la te  phenogenesis, the final result, of experim entally  induced 
deve lopm en ta l anomalies. The s tu d y  of early  phenogenesis, of the initial m inute a lterations, 
is im p o rta n t for the elucidation of th e  teratogenic m echanism s, but such studies require a 
sta tis tica l evaluation of the specimen em ployed in the model experim ent. The stages, as describ­
ed by  H a m b u r g e r  and H a m i l t o n ,  are usually accepted in experim ents on chick-em bryos. 
These stages are not quite satisfac to ry  in the early phase of growth (long in tervals between 
the stages, sm all number of q u an tita tiv e  morphogenetic data), concerning only th e  em bryo’s 
body, w ith o u t its  different annex form ations (blastoderm , area vasculosa, area pellucida).

W ith  a view to overcoming these lim itations and to elaborate a qu an tita tiv e  m ethod 
serial pho tog raphs of 1200 R hode-Island-chicken eggs were taken  between the 16th and the 
56th hour o f incubation. The photos were made a t one-hour intervals i n  v iv o  and a fter brief
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fixing w ith acetic acid. An original m ethod of serial photography w ith con trast m aking China" 
ink injections into the subgerm inal cavity , has been elaborated.

M easurements of the em bryos and the em bryonic appendages were made on the eggs 
and  on the pictures.

The appearance of 13 morphological form ations were worked ou t sta tistica lly  and 
represented graphically. Further 12 morphological correlations between the m ain form ations 
have been established. Thus, a complex, sta tistica lly  evaluable picture of the basic m orpho­
genetic characteristics in the early chick em bryo was obtained, allowing a more exact terato- 
logical testing.

R. Holland, S. Braun, Márta Erdélyi

(D epartm ent of Pathology, Péterfy  Sándor H ospital, B udapest)

Morphological and H istochem ical Studies o f Hum an  
Nidation Disturbances

Abrasion products fixed in the living s ta te  and living terato id  s tructu res observed in 
the course of ectopic pregnancies of pa tien ts suffering from diseases of the u terine  cavity  and 
o ther chronic disorders were exam ined under the light- and the phase-contrast-m icroscope, 
and also histochem ically as to aldolase, acid and alkaline phosphatase, succinic dehydrogenase 
and  mucopolysaccharides.

A fu rther object of the investigations was the differentiation of decidual from tropho­
blastic  elem ents which cannot be distinguished reliably by the usual procedures.

Parallel investigations were made in norm al (control) m aterial.

V. Fáber, L. Liszkai

(Pathological and Forensic L aboratory , Central H ospital of the 
H ungarian  Army, Budapest)

Seven-D ay Old Human Ovum

In abrasion m aterial sent in for the suspicion of chrionepithelioma a freshly embedded 
ovum  has been found. The age of the ovum , on the basis of H ertig’s m icrophotographs, was set 
a t 7 7 1/2 days.

Zs. Szabó

(D epartm ent of Pathology, County Hospital, T atabánya)

Incidence o f Developm ental Anomalies

Among 43 348 corpses dissected in 10 hospitals in the period 1953 to 1963, developm ental 
anom alies were found in 2016 (4.1 per cent). Analysis of the annual figures revealed the num ber 
of individuals in whom developm ental disorders are found p o s t m o r te m  to flu c tu a te  in 3-year 
cycles. The relatively highest num ber of such cases occurred in the hospitals o f Esztergom  and 
T a tab án y a , the lowest in those of Szom bathely.
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O verall differences in  respect of sex were insignificant (males, 54.1 per cent, females, 
45.9 per cent). On the o th er hand , sex differences in respect of particu lar organs (except genital 
disorders which do no t lend them selves to th is kind of evaluation) were notable. The incidence 

of neural disorders was 15.2 per cent, 
o f resp iratory  disorders 17.4 per cent,
o f sensory disorders 23.6 per cent higher in fem ales th a n  in males, whereas the inci­

dence of disorders of the  digestive trac t was 20.4 per cent, 
of the muscles 30.6 per cent,
of the urinary  tr a c t  46.2 per cent higher in males th a n  in  females.
The anomalies of th e  skeletal, circulatory and endocrine system s and other non-clas- 

sified disorders showed no significant sex-conditioned differences.

J. Nyirády, K. Karsay

(F irst and Second D epartm ent of O bstetrics and  Gynaecology 
County Council H ospital, K ecskem et)

Lethal Developm ental A nom alies

The records of a 10-year m ateria l from Jan u ary  1, 1954, to  December 31, 1963 have 
been surveyed.

The ra te  of p e rina ta l m orta lity  was 4.8 per cent. Of th e  721 foetuses who died a t or 
shortly  a fter delivery in 92 (12.7 per cent) death was due to  some developm ental anom aly.

The num ber of developm ental anomalies to talled  157 in  the 92 necropsied cases. Ano­
malies o f the nervous system  represented 57.4 per cent; those of the secretory organs 20.1; 
those of the circulatory ap p ara tu s, 12.3; and those of th e  digestive trac t, 10.2 per cent.

As regards occupation, 43 per cent of the cases occured in families engaged in agriculture, 
31 per cent in those em ployed in industry , and 26 per cent in families w ith an in tellectual 
profession. The high percentage in  the agricultural category is w orthy of note. The quota of 
p regnants who had received p renata l care am ounted to 94.3 per cent. Of the monsters, 47 per 
cent were females and 53 per cent were males.

D evelopm ental anom aly  caused intrauterine death  in 34.7 per cent of the cases. D eath 
ensued in  the first postna ta l hour in 19.4 per cent, on the f irs t day  of life in 20.3 per cent, and 
only 15.5 per cent survived the firs t day. More than  50 per cen t of the m aterial consisted of 
p rem atu res, 44.0 per cent weighed less th an  2000 g, 28.0 per cen t between 2000 and 3000 g. 
15.0 per cen t between 3000 and  4000 g and 4.2 per cent more th a n  4000 g.

In  the m other’s h is to ry  febrile episodes during the firs t 3 m onth  of pregnancy were 
m entioned in 27.4 per cent of th e  cases.

Seventy  per cent of the  m other were prim iparae. No m other younger than  16 years 
gave b ir th  to  m onsters, and only in a single case out of a to ta l of 92 was the mother of a m onster 
olden th a n  40 years.

M easures for the inhibition  of developm ental anom alies should concentrate on the 
fight against alcoholism, on adequate nu trition , and on the prevention of fevers during the 
first trim ester of pregnancy. All such measures depend on th e  im provem ent of routine prenata l 
care.

S. Ferenczy, J. Kovács

(H ospita l of Zala County Council, Zalaegerszeg)

Teratogenic Phenom ena in a 10 Years Necropsy Material

The num ber of congenital m alform ations among the 3204 cases autopsied in 10 years 
to talled  317, i.e. 9.89 per cent. Developm ental anomalies were more frequent in and around 
Zalaegerszeg, the county seat, as also in the south-w estern region of the county. The frequency 
was especially high in gypsy colonies, where about 10 per cent of the registered anomalies had 
originated.
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A bout 50 per cent of the m alform ations occurred in the age group 21 to  30 years which 
m ay be due to th a t the percentage of b irths is highest in this category. A nother peak appeared 
a t 40-years of age, a fact in agreem ent w ith the phenomenon th a t m alform ation is more fre­
quent in the offspring of middle-aged m others. A pproxim ately 50 per cent of the offspring with 
malform ations were children of prim iparae and 20 per cent those of secundiparae; th e  incidence 
decreases after the th ird  pregnancy, although deformed children were born also from  the 10th 
to 13th pregnancy.

A case has been recorded in which after 3 abortions a m other w ith congenital dislocation 
of the hip was delivered of a stillborn baby w ith three m alform ations. In  an o th e r case, two 
successive children were born, w ith bizarre em bryopathies. Cardiac anom alies were found in 
3 children p o s t  m o r te m , and in a fourth child clinically, all in one and the sam e gypsy family. 
A chondrodystrophic m other gave b irth  to tw ins, both  of whom had likewise chondrodystrophy. 
These anomalies appear to have been inherited.

The records contain 3 cases of congenital m alform ation in which the p regnan t mothers 
had been active in spraying DDT and had then had a transito ry  indisposition. A lthough the 
two events need not necessarily stand in causal connection, teratogenic possibilities of this 
kind should be taken into consideration.

Several records show cystitis of the m other trea ted  w ith antibiotics, sulphonam ide and 
phenazopyridine, often in a haphazard m anner and w ithout medical supervision. I t  would 
seem th a t it  is not so m uch the often uncertain  cystitis hu t ra ther the polypragm atic  and 
som etimes superfluous m edication which should be regarded as the pathogenic fac to r in such 
cases.

Influenza was frequently  mentioned in the history. I t  should be borne in  m ind that 
th is term  is usually applied by m others to all febrile affections of the re sp ira to ry  tra c t. Some 
of the cases were those of true  influenza, bu t there were also a num ber of o th er v ira l diseases 
(including Coxsackie) referred to as “ summer influenza” . Although influenza is held to be 
harm less teratogenetically , the percentage of babies born w ith m alform ations was higher 
after influenza epidemics, as proved by a duplication of such births in  the years 1958 and 1961.

Back in 1959 — reference has been made of Coxsackie infections observed in the second 
half of the year 1958, emphasizing the possibility of their teratogenic effect. The incidence 
of congenital malform ations rose to 29 per cent in the firs t 4 months of 1959, and  in  th e  m others’ 
h istory  episodes of Coxsackie-infection was m entioned. The observed cases were m ostly  em bryo­
pathies in contrast to the last quarter of 1958 which displayed a m ajority  of foetopath ic  cases. 
The incidence of hydram nion rose a t the same tim e, and th a t of abortions increased almost 
sixfold in the last quarter of 1958, and threefold a t the beginning of 1959.

The pregnancy histories contain also abdom inal operations, fu rther d ifferen t forms of 
toxicosis.

L. Galambos, Magda Scholz

(D epartm ent of Pathology, Uzsoki S treet Hospital, B udapest)

Perinatal Mortality w ith Especial Regard to Developm ental A nom alies

W ith a view to ascertaining the m ortality  ra te  for babies below the age of 12 months, 
the necropsy records from the period 1954 to 1964 have been surveyed. The num ber of foetuses, 
newborns and infants who had died between the 28th week of pregnancy and  th e  end of the 
first year of extrauterine life totalled 470 (322 68.51 per cent during the firs t, 148 51.49
per cent during the second half of the 10-year period).

The causes of death  were (1) obstetrical factors; (2) aspiration and its  complications; 
(3) p rem ature delivery; (4) ex trau terine infections; (5) in tracran ial haem orrhage; (6) congenital 
defects; (7) other developm ental anomalies; (8) R H  incom patibility; (9) in trau te rin e  death of 
unknown aetiology. E x trau terine  infection was the most frequent cause of d ea th  (23,47 per 
cent), prem ature b irth  was the next in frequency (15,39 per cent), while the 3rd and  4th place 
were occupied by in tracran ia l haem orrhage and congenital defects (14,26 per cen t, each); the 
fifth  in frequency were o ther developm ental anom alies (9,57 per cent). In fan tile  m ortality  
should, therefore, be fought by paying especial a tten tion  to the said factors.

A comparison of the data  of the two 5-year periods revealed the following. The number 
of obstetrical complications decreased, th a t of developm ental anomalies (except heart defects)



42

decreased  considerably, and also th e  death  rate for p rem atu re  delivery showed a significant 
decrease . The incidence of d e a th  caused by aspiration and  in trau te rine  deaths of unknown 
ae tio logy  remained essentially unchanged . The num ber of le th a l extrau terine infections and 
R H -incom patibilities showed a considerable, tha t of in trac ran ia l haem orrhages and congenital 
h e a r t  defects moderate re la tiv e  increase.

Sum m ing up, the ra te  o f m o rta lity  fell considerably during  the last decade, since 68,51 
per cen t of the deaths occurred during  the first five years. Developm ental anomalies were 
responsib le  for about a fou rth  of th e  deaths, although cases in  w hich some other definite cause 
of d e a th  (e.g. intracranial haem orrhage) could be ascertained were no t classified under this 
head . The incidence of congenita l h e a rt defects increased while th a t of other developm ental 
anom alies decreased significantly . T h a t both the absolute and  relative num ber of obstetrical 
d iso rders , aspiration and its  com plications decreased m ust have, among others, been due to 
th e  sy stem atic  prenatal care an d  a change in obstetric ind ications. The la tte r factor is no t yet 
m an ifest in the numerical change o f  intracranial haem orrhages. D ata  for prem atures can be 
e v a lu a ted  from a regional p o in t o f view only, since either th e  prem ature delivery took place 
in  th e  obstetrical ward or the liv ing  prem ature baby was transferred  to a special in stitu tion . 
T he regional rate of ex trau te rin e  infections displays a m oderately  upw ard tendency. This 
to g e th e r w ith  other similar fin d in g s , shows that the satisfac to ry  developm ent of system atic 
p o s tn a ta l care rends to prolong th e  survival of constitu tionally  im paired infants.

G. Garay, Gy. Szederkényi

(D epartm ent of Radiology a n d  Pathology, County Council H ospital. Kecskemét)

Incidence o f  Lethal Developm ental Defects 
and N um ber of X-Ray E xam inations

The infantile death ra te  o f developm ental defects in th e  period 1956 to 1962 was com par­
ed w ith  th e  number of X -R ay exam ina tions performed in th e  sam e area during the same period. 
The n u m b er of X-Ray exam inations and the incidence of developm ental abnorm ities causing 
d e a th  in  infancy were found to  ex h ib it a parallel increase (by  20 per cent and 40 per cent, 
respective ly ). A causal re la tionsh ip  is presumed to exist betw een the two figures.

E. Czeizel

(D epartm ent of Pathological Physiology, N ationa l In s titu te  
o f Public Health, B udapest)

Teratogenic Effect of Ionizing R adiation

Ionizing radiation can be advantageously applied for teratological investigations. 
T im e a n d  dose of radiation affecting  th e  embryo can be defined precisely, the placental barrier 
is e lim ina ted , the radiation affec tin g  the tissues diffusely m ake an investigation of elective 
changes possible, etc.

In  the present studies p re g n a n t ra ts  were irrad ia ted  w ith  300 to 500 r. Irrad iation  on 
the 1st d ay  caused the incidence o f pregnancy and the num ber of a live healthy foetuses to 
decrease. Irradiation  on the 10th d ay  of pregnancy decreased the  num ber and weight of foetuses 
per m o th e r animal and caused m a in ly  craniocerebral developm ental anomalies in p a rt of the 
an im als . Irrad iation  on the 16th d a y  did not induce any  visible abnorm ity . The direct effect 
of ra d ia tio n  is responsible for th e  in ju ries  caused by ionizing rays. I f  high doses are given in 
the ea rly  period of pregnancy th e  m o th er’s radiation in ju ry  also plays a part in the foetal 
dam age . In  this indirect effect, rad io tox ins seem to play a subordinate role.
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D. Tanka, Maria Keller

(N ational In s titu te  for R heum atism  and Balneology, B udapest)

Acute Radiation Injury and Enzym e Activity

Changes of enzyme ac tiv ity  occurring under the effect of ionizing rad iation  seem to 
play a significant role in the developm ent of late radiation  in jury , genetic in ju ry  and tum our 
form ation.

According to the present liistochemical and biochemical findings, the ac tiv ity  of one 
and the same enzyme decreases in some organs and increases in others. This m ight be due to 
differences in radiation sensitiv ity  of the enzyme molecule’s protein com ponent; thus the 
problem of the so-called izoenzyme also arises.

B. Bugyi, J. Kunstadt

(D epartm ent of Radiology Jan  Safarik U niversity , Kosice;
Polyclinic of the Ganz Mávag W orks, B udapest)

The First Case o f Intrauterine Encephalopathy Caused by Irradiation

H ard ionizing rays are well-known to cause genetic changes. Radiogenic em bryopathies 
usually  result in the b irth  of nonviable foetuses, so th a t cases of such em bryopathies with a 
record of long survival are extrem ely  rare. A case of this kind has recently been detected in 
a m an now 60 years of age, the son of a radiologist. This is the first radiogen em bryopathy of 
the w orld-literature.

The father had conducted radiological investigations a t the end of the last century, 
when the noxious effect of X -rays was unknown. He studied the developm ent o f the vertebral 
colum n by means of X -rays in prem aturely born died babies and aborted foetuses and used 
his own pregnant wife as control of whom he took serial radiographs.The wife was then deliv­
ered of a son who had perinata l encephalopathy and was imbecile. The child exhibited no 
som atic anomalies w ith the exception of anisocoria. Im becility  m ust have been due to radio­
genic encephalopathy since the three previous children of the same parents have exceptionally 
high m ental faculties. A lthough parts  of the original X -ray  appara tus are still ex tan t, there 
are no records to reveal the num ber of radiographs taken  or the phases of pregnancy in which 
the pictures were m ade, so th a t it is possible to determ ine the qu an tity  of irrad ia tion  to which 
the pregnant woman was exposed. The radiologist fa ther had never referred to  the probable 
origin of the in trau terine encephalopathy and it was only by piecing together information 
obtained from the fam ily, the environm ent, from clinical d a ta , from a knowledge of the father’s 
practice and scientific achievem ents th a t th is unique case could be dem onstrated .

L. Szentendrei, Emma Kurusa, Gy. Szederkényi

(D epartm ent of Paediatrics and Pathology, County Council H ospital,
Kecskemét)

Complex Developmental M alformations 
in a Child after X -R ay Exam ination during Pregnancy

A retarded female child born with clubfoot and trea ted  for chronic pyelonephritis 
died w ith renal failure. A utopsy revealed hydrocephalus due to agenesis of the aqueduct and 
an ectopic kidney. H istory  revealed th a t the m other had been subm itted  to gastric X-ray 
exam inations in the 2nd and 3rd weeks of pregnancy. A nalyzing the am oun t of radiation 
received by the m other and com paring this w ith the am ount giving rise to sim ilar malfor­
m ations, it has been concluded th a t the defects observed in the child had probably  been caused 
by the Y-rays.



44

Ilona Banga, D. Szabó

(First In s titu te  of Pathological Anatomy and  E xperim ental Cancer 
Research, U n iversity  Medical School, B udapest)

Interconnexion betw een the Submicroscopic Structure 
and the Digestibility o f Collagen

A close interrelation has recen tly  been discovered to  exist between the configuration 
and th e  digestibility of globular proteins. Methods for investigating  the configuration of 
g lobular proteins are, however, less satisfactory  than those applied for fibrillary  or scleropro- 
teins. Submicroscopic inspection of th e  longitudinal fib rillar arrangem ent in the molecules 
of th e  la s t nam ed proteins is a g rea t help in  studying configurational changes. The question 
to be elucidated  is w hether changes in  configuration are invariab ly  accom panied by increased 
d igestib ility . Collagenous fibres are in structive  in this respect, since they  display a molecular 
b irefringence the changes of w hich ind ica te  changes occuring in  the configuration or spatial 
re ticu la tio n . I t  has been possible to  induce by chemical m eans (sulphatation , carbam ide 
tre a tm e n t)  submicroscopic phenom ena which gave rise to configurational changes. The fact 
th a t  th e y  were not always accom panied by increased digestib ility  of the collagen proves th a t 
no t a ll b u t only some special k inds of configurational changes increase the digestibility of 
p ro te in s , whereas certain o ther configurational changes m ay have the opposite effect.

I. Oláh, Sz. Virágh

(In s titu te  of Histology and  Em bryology, U niversity Medical School, B udapest)

Differentiation o f  Embryonic Skeletal Musculature

T he transform ation of m esenchym atous cells into m yoblast has been studied w ith light - 
and  electron-m icroscope in the som ites and myotomes of r a t  embryos. M yoblasts are single 
or g rouped  cells with large nucleus, several nucleoli m any, m ostly  free ribosomes, some glycogen 
and  sca tte red  fine filam ents. The endoplasm ic reticulum  of m yoblasts is undeveloped which 
helps to  distinguish them  from  th e  neighbouring fibroblasts. I t  seems th a t prim itive muscle 
fib res arise  from  the fusion of m yob lasts (formation of syncytium ). The ad jacen t m yoblasts 
are in terconnected  a t certain points b y  junctional complex like structures of the cell mem branes. 
The tig h tly  packed m yoblasts are enveloped by a common basal m em brane. The coherent 
cell m em branes disintegrate in to  vesicles when the Syncytium  is formed. The grow th of differ­
e n tia ted  sarcoplasm is preceded by  th e  accum ulation of undifferentiated  glycogen-rich plasm 
in  th e  p rim itive muscle fibres and in th e  so-called muscle tubes. The m ajor p a rt of the abun­
d a n t glycogen disappears during the differentiation of the m yofibrils. Developm ent of the m yo­
fib rils have been discussed.

M. Palkovits

(Institute of E x perim en ta l Medical R esearch. H ungarian 
A cadem y of Sciences, B udapest)

Nuclear V olum e and Cellular A ctivity

T he correlation between changes in  nuclear size and cellular m etabolism  constitu tes a 
fu n d am en ta l problem of karyom etry . In  other words, the problem  is w hether justified  to 
infer from  the  changes of nuclear volum e to cellular ac tiv ity .

A fter the adm inistration of substances of known action to  anim als, changes in the size 
of nuclei have been studied in the th y ro id , liver, u terus, suprarenal gland, pancreas and in 
d ifferen t p a rts  of the diencephalon. N uclear volume was found to  increase when the exam ined 
organ w as m ore active, and to  decrease when the activity  of the organ was inhibited . Excessive 
doses ra ised  the nuclear volume th reefo ld  or reduced it to a th ird .
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The action of the test substances was observed in acute experim ents, i.e. m easured at 
in tervals of 10 m inutes after their adm inistration. Changes in nuclear volume took place even 
in  these short periods, and there exist karyom etric m ethods to quan tita te  such m inute changes. 
M easurements m ade at different intervals make it  possible to follow the action of the test 
substances chronologically.

A new procedure has been devised for the m easurem ent and comparison of abnorm ally 
shaped (elongated, fla t) nuclei: a two-dimensional d iagram  has been plotted for the rep resen­
ta tion  of the results. The diagram  expresses changes in nuclear size and shape, and makes it 
moreover possible to  distinguish between different cell-types and to measure their respective 
activities.

Sz. Virágh

(Institu te  of H istology and Em bryology, U niversity  Medical School, B udapest)

The Fine Structure o f Cell Interconnection in  Various Embryonic Tissues

Electron microscopic studies have been m ade of tissues of ra t em bryos and of hum an 
placenta. The surface of the plasm a mem brane of dispersed embryonic cells is covered by an 
indistinct, presum ably proteinic substance which seems to  constitute a loose connection be­
tween the cells associating to form tissues. A more solid a ttachm en t is formed by the invagina­
tions and the junc tiona l complexes — such as the desmosomes, zonula adhaerens, zonula 
occludens ( F a r q u h a r  and P a l a d , 1963) — of ad jacen t cell mem branes in epithelial and 
mesenchymatous tissues. At the point of zonula adhaerens and desmosomes a homogeneous 
m aterial condenses gradually  on the inner and ou ter side of the cell m em brane. Fine filam ents 
(tonofilam ents) a tta c h  on the condensed cytoplasm  in  th is region. All the three junctional 
complexes m entioned above exist between the cardiac m esenchym atous cells and the myo­
blasts. The in tercalated  discs seem to develop on the basis of zonula adhaerens-type junctional 
complex. In  the cardiac myoblasts the m yofilam ents a tta ch  secondarily on the cell m em brane. 
The length and num ber of the intercalated discs progress paralelly w ith the cytoplasm ic 
differentiation of th e  m yoblasts. Certain u ltrastruc tu ra l problems of the basal m em brane have 
been discussed.

T. Donátit

(In stitu te  of A natom y, U niversity  Medical School, Budapest)

Connexions between the Intensity o f Fluorescence, Temperature and 
Exposures to Ultraviolet Light in Epithelial Cells

Using his own method for the sem i-quantitative estim ation of fluorescence, the au thor 
studied the effect of different tem peratures as also th a t  of u ltraviolet light on the in tensity  of 
fluorescence in model-experim ents and also in epithelia l cells treated  with different concentra­
tions of acridine orange.

The in tensity  of fluorescence was found to increase considerably between 18° and 30° C, 
a phenomenon presum ably due to a dissociation of the non-fluorescent molecules caused by 
the increased tem perature .

The durability  of fluorescence was found to depend on the nature of the binding between 
the molecules of the cells and those of the fluorescent dye. I f  the bond is physical, fluorescence 
is soon extinguished, while it is stable if the bond is chemical. The decrease in the in tensity  of 
fluorescence — due to  continuous ultraviolet excita tion  depends, thus, on the nature  of the 
connexion betw een th e  dye and the chemical s tru c tu re  of the cell.
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A. Ábrahám

(Institu te of G eneral Zoology and Biology, U niversity , Szeged)

Contributions to the K nowledge o f the Nerve Supply 
of H um an Glomus Caroticum

S tud ies by means of the m odified Bielschowsky m ethod of the carotid body of hum an 
sub jects o f different ages have led to  the following conclusions.

(1) In  contradiction to  cu rren t usage i t  is no t possible to separate and classify th e  nerve 
plexuses w hich surpass all o ther organs of a sim ilar struc tu re  and function as regards form  and 
abundance .

(2) Age and pathologic conditions induce conspicuous changes in the shape and arrange­
m ent o f th e  plexuses, in the shape of the fibres running in them  as also in the relation  of the 
te rm in a l fib res to the receptor cells.

(3) Shape and structure  of th e  intraglom erular plexus show a certain constancy, a l­
though  th e  circular or ellipsoid form  occasionally becomes elongated which leads, by an un ila tera l 
ju n c tu re  w ith  the perigloinerular p lexus, to longitudinal and sometimes irregularly  shaped 
te rm in a l system s.

(4) The nerve fibres constitu ting  the plexuses are usually  m oderately th ick , sm ooth- 
edged or delicately varicose; w ith  advancing age or under pathological conditions there appear 
th ick  axons, broad, sometimes very  long and occasionally sharply  fibrillated varices which 
are in terconnected  by extrem ely th in  homogenous filam entous portions.

(5) I t  is only in the whole of th e  glomerulus th a t the intraglom erular fibres form  dense 
spirals; th e  term inal connexion w ith  the cells is not the pericellular spiral as has recen tly  been 
supposed b y  certain authors on the  s tren g th  of light- and electron-microscopic investigations, 
b u t the com paratively large and conspicuous end-disk situa ted  on or between the recep tor cells.

I. Törk, J. Kiss, B. Aros

(D ep artm en t of Histology and  Em bryology, U niversity  Medical School, B udapest)

Autoradiographic Exam ination  
of the Neurosecretory System o f Invertebrates

Since labelled amino acids are incorporated  by the neurosecretory cells of verteb ra tes, 
the p ro te in  metabolism of the neurosecretory  system  can conveniently be studied by m eans of 
au to rad iography .

T he present experim ents were designed to observe the neurosecretory system  of inver­
teb ra te s  (Lum bricus sp.) by m eans of the same m ethod. Sexually m ature animals were in jected 
w ith  a dose of 10 jnC /gm  th ioam inoacid  labelled w ith 35S. The anim als were killed 1, 6, 14, and 
24 hours a fte r the adm inistration  of the isotope.

I t  took  6 hours for perceptib le am ounts of the labelled amino acid to appear in the 
nervous system . A ctivity was m ost vigorous in the neurosecretory cells of the cerebral and 
the subpharyngeal ganglia. Incorporation  reached a peak a t 14 hours.

T he experim ents showed th a t  there is an intensive protein metabolism in the  neuro­
secretory  cells. Their morphological appearance suggests a correlation between the rad ioac­
tiv ity  of th e  neurosecretory cells and  their Gomori-positivity.
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В. Áros, Ingeborg Teichniaiin, В. Vigh

(D epartm en t of Histology and Em bryology, U niversity Medical 
School, B udapest)

Histochem ical Investigations 
of the Neurosecretory System  o f Invertebrates

H istochem ical investigations made in num erous species of higher verteb ra tes  show 
th a t neurosecretion is of protein nature. In our p resent exam ination we have studied  the neuro­
secretory system  of inverteb ra tes with histochem ical m ethods (Lumbricus sp.). The following 
stainings and reactions were used: PAS reaction w ith and w ithout digestion; astra  blue; tolui- 
dine blue; trypaflav ine; tetrazonium  reaction; eriochrom e black T; m ethylgreen pyronine; 
Feulgen reaction; dem onstration  of protein bound SH- and SS-groups with the D D D -m ethod; 
dem onstration of tyrosine and tryp tophane; Sudan black B.

The results of our histochemical reactions suggest th a t the neurosecretory m aterial 
has protein character.

Ingeborg Teichniaiin, B. Vigh, B. Áros, Sára Koritsánszky

(D epartm ent of Histology and Em bryology, U niversity  Medical School,
B udapest)

H istochem ical Investigation o f the Periventricular Gomori- 
Positive Glial Cells in the R at’s Hypothalamus

In earlier experim ents a correlation has been shown to exist between the periventric­
ular Gomori-positive glial cells and the Gomori-positive ependymosecretion. Investigations 
have now been m ade to elucidate the histochem ical na tu re  of the Gomori-positive granules 
of the glial cells.

The stainings and reactions applied were the PAS reaction w ith and w ithou t digestion; 
astra  blue; toluidine blue; trypaflavine; te trazonium  reaction ; eriochrome black T ; ninhydrin- 
Schiff reaction; dem onstration  of protein bound SH- and  SS-groups w ith the D D D -m ethod: 
dem onstration of tyrosine and tryptophane; paraldehyde fuchsin with and w ithou t preceding 
digestion w ith trypsine; inethylgreen-pyronine; Feulgen’s reaction, Sudan black B.

All these reactions showed the m aterial o f the glial cells to consist — like ependym o- 
secretory granules — of a muco- or glycoprotein. This is an additional fact to prove the corre­
lation existing betw een the Gomori-positive substance of the ependyma and those of the glia 
cells.

T. Wenger, B. Vigh, B. Aros

(D epartm ent of Histology and E m bryology, Medical U niversity,
B udapest)

Mitotic Activity in the H ypothalam us of Adult Rats

Colchicine is known to stop mitosis in  the m etaphasis. Therefore, its  adm in istra tion  
makes it possible to investigate whether, a t a given tim e, there occur cell divisions in a given 
organ.

The m ito tic  ac tiv ity  of the periventricular layer has been examined in the hypothalam ic 
region of adu lt ra ts  (body weight 150 to 200 gm). This ac tiv ity  was found to be very  intensive; 
the num ber of mitoses reached the peak 4 hours after the adm inistration of colchicine. The 
num ber of mitoses, as observed in the hypothalam us, was compared with th a t observed in the 
Lieberkühn cryp ts of the same animals.

I t  is suggested th a t cell divisions in the hypendym a of the third ventricle provide for 
substitu ting  the ceils of the periventricular layer.
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P. Kása, B. Csillik, F. Joo

(Institu te  of A natom y, U niversity  M edical School, Szeged)

H istochem ical Investigations in the D eafferented Cerebellum

T he location of acetylcholine-esterase, pseudocholine-esterase, succinodehydrogenase 
and  cytochrom oxidase ac tiv ity  has been studied in th e  archicerebellar and neocerebellar cortex 
of ra ts  b o th  under physiological conditions and after deafferentation. L iterature  contains 
co n trad ic to ry  d a ta  regarding the localization of these enzym es. Experim ents w ith acety lth io- 
choline a t  d ifferen t pH  values and incubation  times have show n th a t , under norm al conditions, 
acety lcholine-esterase is lim ited to  th e  mossy fibres of th e  granular layer, while the m olecular 
and th e  P u rk in je  layer are inactive. D eafferentation reduced  acetylcholine-esterase ac tiv ity  
bu t d id  n o t en tire ly  stop it presum ably  due to  the su rv ival o f the cholinergic Golgi axon end ­
ings. T he appearance of acetylcholine-esterase ac tiv ity  in  th e  Purkinje cells was probably  due 
to th e  m obilization  of an enzyme th a t  had become la te n t in  the course of ontogenesis.

Pseudocholine-esterase is norm ally restric ted  to  th e  capillary walls while succinode­
hydrogenase  and  cytochrom oxydase are active in the  m olecular layer, in the cytoplasm  of 
the P u rk in je  cells and in the mossy fibres alike. D eafferentation  caused no significant change 
in th is  respect.

I t  is suggested th a t the observed changes are p a rtly  th e  signs of degenerative processes 
and p a r t ly  th e  resu lt of dysfunction. I t  would follow th a t  neuro tom y in the central appara tu s  
affects a lm o st exclusively the ac tiv ity  of enzymes specific for synaptic function.

I. Törő, I. Oláh

(In s titu te  of H istology and  Em bryology, U n iversity  Medical School,
B udapest)

T hym ic Epithelium and Thymic Corpuscles in Tissue Culture

E lec tro n  microscopic observations were made on 6 to  12-day old tissue cultures obtained  
from new born  guinea-pigs.

T he epithelial cells were found to  be fla ttened ; som etim es two or three layers were 
superposed , one on the top of the o ther. The m arginal cytoplasm  of the epithelial cells fre ­
quen tly  h a d  a  more compact s truc tu re  (“ ektoplasm ” ). The cells were rich in free ribosom es. 
Some co n ta in ed  dilated ergastoplasm ic cisternae filled w ith  m oderately electron-dense sub­
stance. T he epithelial cells contained num erous tonofibrils.

H assa ll’s corpuscles were of tw o types. In  one ty p e , electron-microscopy revealed signs 
of secre to ry  ac tiv ity  of the epithelial cells. Such cells were characterized by dilated ergasto­
plasm ic c is te rnae  containing m oderately  electron-dense substance, further by a well-developed 
Golgi a p p a ra tu s . Signs of degeneration were visible tow ards the interior of HassalFs corpuscles. 
The o th e r ty p e  of the corpuscles showed signs of cornification. Cells in this type contained 
num erous bundles of tonofibrils and  islets of delicate g ranu lar substance which obscured the 
cell organelles. The epithelial cells are interconnected by  well-developed desmosomes in bo th  
types o f H assa ll’s corpuscles.

F. Hajós, K. Strazinczky, В. Mess 

(Institu te  of A natom y, U niversity  M edical School, Pécs)

T hyroid Secretion and Follicle Form ation in  the Chicken Embryo

P rev ious electronmicroscopic studies of chicken em bryos have shown th a t thy reo trop ic  
horm one (TSH ) caused changes in th e  q u an tity  and q u a lity  o f th e  ergastoplasm while devel­
opm ent o f th e  Golgi apparatus seem ed to  be independent of TSH . Now the developm ent of
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follicles has been studied. They were found to be dependent upon TSH since no follicles develop­
ed in  decapitated em bryos, whereas after p itu ita ry  transp lan tation  their developm ent reached 
a nearly  norm al degree. Two kinds of mechanism s of follicle development were observed, an 
in tercellu lar and an intracellular one. The la tte r m echanism  is discussed in de ta il, w ith  special 
regard  to the vesicles observable around the follicles and  increasing on TSH adm inistra tion .

M. E rtl

(In stitu te  of H istology and E m bryology, University Medical 
School, B udapest)

Blood Volume and Juxtaglom erular Apparatus

According to recent observations, the jux tag lom eru lar apparatus has a certa in  role 
in  the regulation of fluid spaces. The present experim ents were designed to ascerta in  whether 
changes in circulating blood volume affected the g ranulation  of the jux tag lom eru lar apparatus.

W hite mice of about 20 g body weight were bled through the caudal vein or by cardiac 
puncture . Each anim al was carefully weighed, its  blood volume as well as th e  volum e of w ith­
draw n blood was carefully m easured. Then the anim als were sacrified a t d ifferen t intervals. 
T hey  were kept on a d ry  laboratory  diet from the d ay  preceding the w ithdraw al o f blood until 
d eath . A num ber of anim als from  which blood had  been taken received liqu ids a t different 
tim es prior to being killed.

The kidneys of the sacrificed anim als were fixed in formalin, em bedded in paraffin, 
section 3 to  4 f i  th ick were made and stained w ith  M allory’s haematoxylin.

The degree of granulation of the jux tag lom eru lar apparatus was found to  change in 
conform ity  to the volume of w ithdraw n blood. Q uan tita tive  changes in g ran u la tio n  were 
illu stra ted  graphically by means of H artro ft’s index.

Gy. Ungváry, J. Faller

(Institu te  of A natom y and In s titu te  of Surgical Anatomy, U n iversity  
Medical School. B udapest)

Segm entation o f  the Liver

Livers of necropsied adu lt hum an subjects have been investigated b y  the  corrosion 
m ethod, X -ray, and filling w ith diffusible dyes. O n the basis of both th e  hepa tic  venous 
system  and the portobiliary apparatus, three lobes were distinguished. The rig h t, middle and 
left lobes of the portobiliary system  do not correspond to the similarly te rm ed  lobes of the 
hepatic venous system. Sim ultaneous filling of the two systems reveals four in te rlo b ar fissures, 
nam ely the right portobiliary fissure, right hepatic-vein  fissure, left portob iliary  fissure and 
left hepatic-vein fissure. Each fissure separating the lobes lodges a main tru n k  of the opposite 
system . As regards shape, there are livers of the regu lar and interm ediate ty p e  in  which size 
and  position of the lobes and fissures are characteristically  different. Differences in  respect 
of m inute in tralobular details are still more pronounced so that it is p ractically  impossible 
to  distinguish in tralobular segments. The frequent occurrence of the so-called m ag istra l arch 
in  livers of the irregular type makes a segm ental division still more difficult.

Cs. tladházv, K. Bcnkb. I*. B. Ary

(Institu te  of Anatom y, H istology an d  Embryology and C entral 
Electronmicroscopic L aboratory, U n iversity  Medical School, D ebrecen)

Electron-M icroscopic Investigation o f “ Neodifferentiational” Chondrogenesis

The knee jo in ts of 10 dogs were surgically trea ted  by Krompecher’s m ethod , and the 
regenerating  articu lar surface of the distal part o f the femur was then exam ined  under the 
electron microscope after 33 and 70 days. At these points of time in the g ranu la tion  tissue

4  Acta Morphologie» Suppl. X I I I .
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there  occurs a process of chondrogenesis which starts in the fib rob lasts and results in the fo rm a­
tion  o f young chondrocytes. T he submicroscopic s truc tu re  o f th e  resting and the active f ib ro ­
b las ts , th a t  of the p rechondroblasts, chondroblasts and  of young chondrocytes is described. 
The exam ined (so-called neodifferentiational) chondrogenesis differs in some respects from  the 
o ther types of cartilage form ation . The main change occurs in  th e  endoplasmic reticulum , w hereas 
the role of Golgi’s appara tus is m ore subordinate. M ucopolysaccharides secreted in the course 
of cartilage formation p resum ab ly  originate in the hyalop lasm , and a considerable q u a n tity  
of them  passes into the endoplasm ic reticulum. The ribosom es o f the la tter seem to be responsi­
ble for the production of non-collagenous proteins and the collagen precursor. The endoplasm ic 
re ticu lum  is supposed to con tain  a m ixture of these th ree substances. They may be excreted  in 
d ifferen t ways; the m ajor p a r t  probably  passes th rough  th e  pores of the cell m em branes of 
the endoplasm ic reticulum . Polym erization  of the precursor o f the fibres seems to tak e  place 
on th e  ou ter surface of the cell m em brane. The tran sito ry  sw elling of mitochondria is suggested 
to  be induced by anoxia, a phenom enon the metabolic aspects o f which are pointed ou t. Sm all, 
em p ty  vesicles form a chain-like s tructu re  between the cell m em brane and the nucleus; these 
m ay be regarded as the m orphological m anifestations of micropinocytosis.

J. Vajda, Teréz Tömböl

(Institute of A natom y , University M edical School, Budapest)

Lymphatics in  th e  Small Intestine and th e  Intestinal Villi

The existence of ly m p h atics  in the intestinal villi is a  controversial problem. E x p eri­
m ents in  dogs and cats have been  made to clear the question . Vehement contraction of the 
in te stin a l mucosal muscle layer w ere observed on opening th e  abdominal cavity, so th a t  it 
was im possible to inject the ly m p h  vessels retrogradely u n d er even approxim ately no rm al 
conditions. After the adm in is tra tio n  of antispasmodics, how ever, the central lym phatics filled 
satisfactorily  and became w ell visible. A coherent plexus of lym ph  vessels was found a t the 
base o f the villi, in front of th e  mucosal muscle layer.

The factors m aintain ing ly m p h  flow in the in te s tin a l wall and the mesentery (d ila ta ­
tions a t the intersections w ith  vessels, arrangement of va lves, etc.) have been investigated  
in a fu r th e r series of experim ents. T he im portant role of th e  m ucosal muscle layer in absorp tion  
should be taken  into account.

I. Palkovich, E. Czeizel

(Second D ep artm en t of Obstetrics, János H osp ita l, Budapest)

L ym ph Vessels of the Oviduct

The surgically rem oved ov iduc ts of patients 20 to  60 years of age have been stud ied . 
One ov iduct was removed in  th e  usual way while the o th er a f te r  clamping the efferent veins 
and lym ph vessels for 30 m inutes. As a result of the o bstruc tion , lym ph collections appeared  in 
the m ucosa of the tunica p rop ria , concentric lym ph vessels in  the muscular layer and  wide 
longitud inally  running lym ph vessel trunks provided w ith  valves in the subserosa. Considering 
its  ab u n d an t lym ph vessel n e tw ork  the oviduct might influence physiological and pathological 
о varia i function.

H. Csermely

(MÁV H ospital an d  Policlinic. D epartm ent o f Pathology, Budapest)

Vascular D evelopm ental D efects o f  the Brain

Exogenous developm ental disorders of the b ra in  (proencephaly, hydranencephaly , 
m icrogyria) where the changes could be located to certa in  vascu lar supply areas have been 
stud ied . No pathological change w as found in the afferen t arteries, in other words organ ic
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vascular disease had no aetiological role. This suggests th a t the malform ations had been caused 
by a failure of the arteria l supply to certain, usually sym m etrical, cerebral areas during 
pregnancy. Various factors are responsible for the circulatory  failure, and part of them  is still 
unknown.

The resulting m alform ation depends on the in tensity  and  duration of the circulatory 
failure and on the degree of im m aturity  of the developing brain.

A. Nagy, Zs. Szabó

(D epartm ent of Pathology, County Council H ospital, T atabánya)

Circulatory System and Anencephaly

D evelopm ental anom alies of the heart and m ajor vessels have been studied in 235 
anencephalic m onsters and the observed incidence of cardiac defects was compared to  their 
incidence in a similar group displaying other congenital m alform ations. The m yocardium  and 
the walls of the m ajor vessels of 50 anencephalic m onsters as well as the structure of the small 
and middle size arteries in various organs were exam ined histologically. I t has been found 
th a t elastic fibres in the walls of small and middle size vessels have been missing bu t on o ther 
aries they have had hypertrophy .

At the same tim e around the capillaries m icro-haem orrhages have been found nearly  
in every organ.

The pericardium , the position of the heart, the m ajor vessels, the venous and arteria l 
orifices, atrial and ventricu lar septa as the various o ther developm ental disorders were subjected 
to  gross exam ination.

A. Réffy, Zs. Szabó

(D epartm ent of Pathology, County Council H ospital, T atabánya)

Anencephaly and Endocrine Glands

Changes in the endocrine organs have been studied post m ortem  in 235 cases of anen­
cephaly.

Absence of the p itu ita ry  was observed in a single case only; in the other cases all the 
three lobes were present bu t the interm ediary lobe was invariab ly  poor in cells or em pty . 
The stalk was often lacking an observation in agreem ent w ith lite ra ry  data.

The adrenal glands (both  the cortex and the m edulla) were hypoplastic in all cases in 
several cases one of the adrenals was missing.

In contradiction to lite rary  data , the thym us had double the norm al size; the num ber 
of HassalPs corpuscles was higher, bu t their size sm aller than  norm al. Occasionally, degener­
ated  giant thym ic corpuscles were found.

The thyro id  was hypoplastic in two cases and norm al in the others.
About 69 per cent of the exam ined cases were fem ales; the gonads showed no changes.
The pancreas was norm al in every case.

Klára Németh

(First In s titu te  of Pathological Anatomy and E xperim en tal Cancer Research, 
U niversity  Medical School, B udapest)

About the M alformations o f  the Central Nervous System with a Report
o f an Unusual Case

In  the sta tistics concerned w ith developm ental disorders the congenital defects of the 
central nervous system  occupy an im portant place. According to  A n d e r s o n , they  constitu te  
49.5 per cent of the congenital defects incom patible w ith life.

4*
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In  th e  5-year m aterial of the In s titu te , developm ental defects of the cen tra l nervous 
system  could be dem ostrated in 39 cases. This represents 1.9 per cent of th e  to ta l num ber of 
necropsies, and  8.3 per cent of those who had died before the age of 1 year.

In  th e  above mentioned m ateria l an in teresting  case has been observed. In  a male infant 
aged 6 w eeks a thickening 2 cm long was found in the thoracic spinal cord. No neurological 
sym ptom s had  been described clinical. The homogeneous, greyish-white, dense intum escence 
proved to  be a segment of small in testine  of norm al structu re . As a result of the pressure exerted 
by  th e  in te s tin a l segment the spinal cord showed diastem atom yelia. In  the area of the in tum es­
cence th e  w ell closed spinal canal w as bulging, b u t did no t comm unicate e ither w ith  the body 
surface o r w ith  the body cavities. The change m ay be ascribed to entoderm a dysplasia, which 
could h ave  developed up to the 20th  day  of foetal life. I t  is nam ely up to th a t  tim e th a t the 
neu roen te ric  canal provides for a com m unication betw een the entoderm  and the caudal end 
of th e  n eu ra l tube, from which the cord develops. In  the present case no trace could be detected 
of th e  neuroenteric canal.

J. Veres

(F irs t In s titu te  of Pathological A natom y and Experim ental Cancer R esearch, 
U niversity  Medical School, Budapest)

A Case o f  Complete Cerebellar Agenesis

Com plete agenesis of the cerebellum  is one of the rarest developm ental defects of the 
cen tra l nervous system. Even incom plete agenesis is a ra r ity . In  the case to  be described other 
m alfo rm ations were present beside com plete cerebellar agenesis. The in fan t had  lived 18 days, 
and a t  au to p sy  the following changes were found beside the signs of K l i p p e l — F e i l ’s  syndrom e. 
The cereb ra l hemispheres were well developed, b u t the corpus callosum was absen t and the 
left la te ra l ventricular system  was hypoplasie. Behind the medulla oblongata p a rts  of the 
cereb rum  were herniated in the foram en occipitale m agnum , these proved to be p a rts  of the 
d en ta te  gy rus and the hippocam pus lying as a coat on the posterior aspect jof the m edulla oblon­
gata . D eta iled  exam ination failed to  reveal even traces of the cerebellum. There were no cere­
bellar ten to riu m , pons, peduncles and  the cerebellar arm s were also absent, as in the cases of 
hypop lasia . The spinal cord was replaced by m edullovasculous area. H istologically, a t the base 
of the b ra in  and  near the surface of the m edulla oblongata, gliomesodermal nodes were visible. 
The cerebellar agenesis m ight have been due d irectly  to a herniation tak ing  place early  in 
foeta l life, w hen under the effect o f the compression the cerebellar anlage had perished. As a 
possible etiological factor, the m other had suffered for a few days during the second m onth  of 
p regnancy , from  a now not precisely identificable exanthem atous disease resem bling German 
m easles.

L. Király, Gy. Gorácz

(D epartm ent of Pathology, P. Heim Children’s Hospital, B udapest)

Classification o f Connatal Heart Defects

The incidence of connatal hea rt defects has been studied in the 10-year necropsy m aterial 
of th e  hosp ita l. In  early infancy (under 6 m onths of age) clinical diagnosis is difficult the proce­
dures (e.g. angiocardiography) fac ilita ting  the correct recognition of the conditions being 
unfeasible . On the other hand, it is for th is age group in  the first place th a t  the h ea rt defect 
d ifficu lt to  classify are characteristic . Those wbich can be classified readily  and diagnosed 
easily  d u ring  life generally occur after 6 m onths of age, owing partly  to  the fac t th a t  most 
in fan ts  w ith  unusual heart defects die in the firs t 6 m onths of life.



Gy. Gorácz, L. Király

(D epartm ent of Pathology, P. H eim  Children’s H ospital, B udapest)

Myocardial Changes in Connatal Heart Defect
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In  the hospital’s necropsy m ateria l cases of connatal heart defect have been studied in 
which, owing to right to left shunt, mixed blood was flowing in the coronary blood vessels. 
I t  has been found th a t the anoxid damage to  the heart muscle is characterised  in the first 
place by a pathological w ater up take  and necrosis extending to single fibres. The myocardial 
changes developing in connexion w ith connatal heart disease have a decisive role in  the fatal 
outcom e.

K. Jankovics, J. Simon, I. Kő

(D epartm ent of Pathology, Semmelweis Hospital, B udapest

Teratogenic Effect o f  Drugs Taken during Pregnancy

Several years da ta  for perinatal m ortality  in Pest county have been analysed w ith special 
reference to drugs taken  by the m other during pregnancy and to the changes th ey  m ay have 
produced in the foetus. Special a tten tion  was focussed on foetal dam age caused by b arb itu ­
ra tes, these being the drugs m ost m others s ta ted  to have taken.

In anim al experim ents the effect on the foetus of phenolbarbital adm inistered  during 
pregnancy has been studied. The results obtained  indicate th a t in toxic doses phénobarbital 
exerts a teratogenic action; low doses influenced grow th of the foetus.

In  a com parative study  it  has been found th a t even if adm inistered in toxic doses glut- 
ethim ide is less noxious for the foetus th a n  phenolbarbital.

J. Ternes, G. Tóth

(D epartm ent of Pathology, László H ospital, B udapest)

Hepatitis and Pregnancy

The course of pregnancies com plicated w ith  infection hepatitis observed in the period 
1957 — 64 has been studied w ith special reference to  the result (abortion, p rem atu re  or normal 
delivery), and the fate of the babies. A utopsy and histological findings of such cases were 
analysed in detail.

For comparison pregnancies com plicated by non-infectious jaundice were studied, with 
special a tten tion  devoted to the serum bilirubin level, liver function and o ther factors involved.

P. Kertai, M. Sajgó, E. Czeizel 

(N ational In s titu te  of Public H ealth , B udapest)

Endotoxin-Foetopathy

Typhoid endotoxin, injected in traperitoneally  in doses of 0,08 ml/100 g in to  pregnant 
ra ts  before nidation and during organogenesis, did no t harm  the zygote or the em bryo. Similar 
trea tm en t in the last th ird  of pregnancy killed the foetuses within 24 hours. W ith  a view to 
studying  the mechanisms a t play necrosed and m acerated foetuses and p lacen tas were sub­
jected  to histological study  and placental 0 2-consum ption and lactic-acid synthesis, as also 
the DNA and RNA -contents of the p lacentas and the foetal livers were assayed.



54

J. Molnár, L. Nagy

(Institu te  of Urology an d  Second In stitu te  of Patho logy , University 
M edical School, B udapest)

Teratospermia

In  alm ost every case of pathosperm atism  there are a few te ra to id  sperms to be found. 
Som etim es they  are present in  astonishingly  high num bers. These cases are term ed te ra to ­
sperm ia. The teratoid changes occur in the first place in th e  head of the spermatozoon, bu t 
they  m ay  be detected in the m iddle piece and tail as well. The m orphology is variable. As to 
the fertilizing  ability of such sperm atozoa, it  seems certain  th a t  only few of them  contact the 
ovum , because their advance, inco rd ina ted  owing to the deform ed shape, is interfered w ith 
and also because they move a t  a speed much slower than  th e  usual 3 m m /m in. If amphim ixis 
takes place, the offspring will p ro b ab ly  show developm ental defects. There is no decisive proof 
th a t  th is  would happen in m an, b u t th e  results of anim al experim ents confirm this view. In  the 
genesis o f te ra to id  sperma rad ia tio n  effects, too, m ay play a role; such cases have occured in 
our m a te ria l as well. I t  is likely  th a t  the sperm atogenetic cells are affected in the first place 
and  th u s  give rise to terato id  sperm s. — A direct action on th e  sperm atozoa is less significant. 
F inally  a few pertaining observations (teratosperm ia in certa in  diseases, etc.) are described.

J. Bazsó, L. Karmazsin, К. Gelei

(Clinic of O bstetrics and  Gynaecology, and Clinic of Pediatrics.
U niversity  Medical School, Debrecen, and M unicipal Neurologic Station for 

School-children, Debrecen)

Physical and M ental Development in Childhood Following 
Intrauterine Growth Retardation

Beside the reduction of th e  perinata l and infantile m o rta lity  ra tes, one of the m ain 
task s of m odern obstetrics and  ped ia trics  is to recognize and com bat all those prenatal factors, 
w hich m ay  produce perm anent physical or mental dam ages of the surviving infants.

In  spite of the precariousness of gestational estim ates and  signs determ ining the p renatal 
age of new borns, it  is well know n, th a t  children are born a b ir th  w eight of less than  2500 g 
a t  or n ear full-term . From 1950 to 1962 the incidence of such new borns was 1.13 per cent in the 
sing le-b irth  m aterial of the O bste trica l Clinic of Debrecen.

S tudies of the physical and m en ta l development of 103 children, born w ith in trau terine 
g row th  re ta rda tion  and now aged from  2 to 14 years, ind ica te  th a t  the growth disturbance 
suffered during in trauterine life continues unsatisfactorily a fte r b ir th  and leads to tem porary  
or p erm anen t stunted growth and  (or m ental deficiency in very  m any cases among 103 children 
were physically  under the average: 50.4% , and I. Q. under 90 : 33.9%).

A n analysis of the com plications of pregnancy or associated w ith pregnancy and th e  
d y s f u n c t io n  o f  th e  p la c e n ta  observed in  m any cases suggests th a t  a varie ty  of factors m ay give 
rise to  in trau terine  growth re ta rd a tio n .

The cause of the difference betw een the developm ent o f in fan ts born at term w ith low 
b irth -w eigh t and the subsequent childhood developm ent of tru ly  prem ature children m ay 
well be a perm anent brain dam age caused by the prolonged deprivation  in utero.

К. Méhes

(Institu te  of P atho logy , University M edical School, Pécs)

Practical V alue o f Sex Chromatin Exam ination

W hile sex chrom atin exam ina tion  is a simple and useful m ethod of genetic sex de te rm i­
n a tion , th e  sources of error in h e ren t in  the procedure should no t be disregarded.

The distribution of and changes occuring in the sex chrom atins of the epithelial and 
o ther som atic cells afford reliable inform ation only if several p repara tions, stained w ith differ-
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ent methods, yield identical results. Among the nuclear projections of neutrophils only the 
so-called drum sticks (forms A) should be regarded as sex-specific.

The possibilities and lim itations of scxchrom atin determ ination  could be well observed 
during the exam ination of 104 individuals whose clinical sym ptom s pointed to in tersexuality . 
Surgical and laboratory  results , fu rther the sexchrom atin findings revealed in tersexuality  in 31 
cases. I t  was the sex chrom atin  exam ination which tu rned  atten tion  to the genetic anom aly 
in  11 cases; it confirm ed the diagnosis in 18 cases, while it caused m om entary confusion by 
misleading results in 2 cases.

Complete chrom osome analyses are only suitable for the exact elucidation of develop­
m ental genital anomalies. The present practical value of sex-chrom ation exam inations consists 
in their being simple, easily realizable and often revealing the existence of certain  chrom osomal 
anomalies.

B. Flerkó, P. Petrusz, C. Muha

(In s titu te  of A natom y, U niversity  Medical School, Pécs)

The Significance o f  Androgens in the Sexual Differentiation  
o f the H ypothalam us

There is am ple experim ental evidence to prove th a t the hypothalam us is exclusively 
responsible for the m ale-type, i.e. continuous, and for the fem ale-type, i.e. cyclic production 
of the gonadotrophic horm ones, and a t the hypophysial level is no difference in th is respect 
between male and female.

According to the data  in the literature and our own investigations, however, a t b irth  the 
hypothalam us is capable of m aintaining cyclic production of gonadotrophic horm ones in both 
sexes, bu t it loses this ability  in the male a few days a fte r b irth , first of all in response to the 
androgens produced by the testicles. In the present experim ents the mechanism of th is effect 
of the androgens has been subjected to a detailed study .

The results suggest th a t , a t least in part, the androgens give rise to sexual differentiation 
by desensitizing in the an terio r hypothalam us the nervous elem ents sensitive to sexual steroids, 
the in tactness of which is indispensable for the m aintenance of cyclic gonadal function.

In the second group of experim ents it has been investigated  why the androgens present 
during in trauterine life fail to exert their effect on the hypothalam us before b irth . The results 
indicate th a t this is made impossible not by an underdevelopm ent of the hypothalam us, bu t 
by the sexual horm onal milieu of the m aternal organism .

A. Traub, Sz. Virágh, F. Szontágh

(Clinic of O bstetrics and Gynaecology, and  In s titu te  of Pathology, 
U niversity  Medical School, Szeged, and In s titu te  of Histology and 

Em bryology, U niversity Medical School, Budapest)

The Electron M icroscopic Structure 
of the Hum an Placenta during the First Trimester o f Pregnancy

Chorionic villi obtained a t in terruption  of norm al pregnancies of young and healthy 
women have been subjected to electron microscopic s tudy . The main results may be outlined 
as follows.

a )  The syncytio trophoblaste form a true syncytium . On their surface large num bers of 
microvilli can ge found (like on these intestinal and renal epithelial cells actively involved in fluid 
transport). Some of the vesicles visible in the cytoplasm  originate from pinocytosis, others 
may be part on the endoplasm ic reticulum . Of the corpuscles in the cytoplasm  some may 
represent hormones. The syncytium  and Langhans’s cells are connected by desmosomes.
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b )  The cytotrophoblasts (cells of Langhaus), m ononuclear cells w ith a light cytoplasm , 
are a tta c h e d  to  the thick basem ent m em brane of the chronic epithelium , and em it microvilli 
tow ard  th e  in terstitia l interspaces. G ranules believed to be those of steroid horm ones (Terzakis) 
occur in  sm aller numbers in  th is k ind of cell.

c )  Among the strom al cells fib rob lasts, cells of H ofbauer, mesenchymal cells and  plasma 
cells, w hich  occur rarely, m ay be distinguished.

d )  The blood vessels of the villi show certain differences from the vessels of o ther organs.

M. Scholz

(D epartm ent of Patho logy , M unicipal Uzsoki H ospital, B udapest)

The Myocardium o f Infants Died w ith Congenital Heart D efect

I t  has been shown th a t in  early  age congenital heart defects are accom panied by  grave 
a lte ra tio n s  in  the histological s tru c tu re  of the coronary arteries. The degree of the lesions does 
no t depend  on the type of defect as ra th e r  on the age of the child, i.e. the duration  of th e  cardiac 
d efo rm ity . Myocardial lesions consequent upon coronary dam age have been surveyed in the 
necropsy  records from the period 1954 to  1964. The m aterial contained 67 cases of con­
gen ita l h e a r t disease, defect of a tr ia l septum  (2 cases); defect of ventricular septum  (14 cases); 
cor b ia tr ia tu m  m onoventriculare (2 cases); cor m onoatria tum  biventriculare (1 case); cor 
b iloculare (1 case); tetralogy of F a llo t (2 cases); corrected transposition  (2 cases); com m on a rte ­
rial tru n k  (3 cases); congenital pu lm onary  stenosis (1 case); adu lt type stenosis of aortic i sthm us 
(10 cases); juvenile type stenosis of aortic  isthm us (5 cases); p a ten t foramen ovale and  p a ten t 
d uc tu s arteriosus (21 cases); congenital fibroelastosis (3 cases). The age of the subjects varied 
from  stillbo rn  to children of 4 years.

Sections made from d ifferent points of the heart m usculature were stained w ith  haema- 
toxy lin -eosin , Van Gieson’s sta in , M asson’s trichrom e, H eidenhain’s iron haem atoxylin  and 
G om ori’s silver im pregnation; ca rbohydrate  com ponents were dem onstrated w ith  B est’s 
carm ine and  Schiff’s periodic acid leukofuchsin, nucleoproteins by means of Feulgen’s m ethod, 
fa ts and  lipoids with Scharlach R- and  Lorrain Sm ith’s Nile blue; in some cases the “ N adi” - 
oxidase reaction  was also perform ed.

R ou tine  procedures revealed parenchym atous, vacuolar and hydropic degeneration of 
the heartinusc le  fibres. S tria ted  fib res disappear or become scarce in the m yocardium  a t an 
early  stage . Proliferation of connective tissue was no t observed. The am ount of glycogen and 
polysaccharides was considerably dim inished. The presence of neu tral fa ts and lipoids sub­
stances w as especially conspicuous in  the m yocardium  of in fan ts surviving for some leng th  of 
tim e. A cid and alkaline phosphatase ac tiv ity  of the heart muscle fibres was considerably 
reduced. Compared with th a t of norm al children of equal age, the results of Feulgen’s reaction 
showed no significant discrepancy.

T he myocardium of in fan ts and  children suffering from congenital heart defects displays 
grave degeneration  without o ther sym ptom s of anoxia (e.g. accum m ulation of connective 
tissues).

L. Liszkay, F. Kneiszl

(Central H ospital o f the H ungarian A rm y, and Schöpf Merei 
H ospital, B udapest)

Intrauterine V essel Changes in Premature Infants

In  in fan ts  died with hyalin-m em brane, productive pulm onary vessel changes of in tra u te r­
ine orig in  have been found. T herefore, 30 prem ature infants were studied for vessel changes; 
such find ings were made in abou t tw o-th irds of the m aterial. The vessel changes had  begun or 
developed during foetal life.
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Julia Szentiier, J. Juhász, A. Bajtai

(F irst In s titu te  of Pathological A natom y and E xperim ental Cancer 
R esearch, U niversity Medical School, Budapest)

Connective Tissue and Vascular Changes in Osteogenesis Imperfecta Congenita

According to  the present view, im perfect osteogenesis is a hereditary system ic connec­
tive tissue disease presenting three forms: congenital, in fantile  and late. Opinions vary  as to the 
incidence of the congenital form, F r e d a  in 1961 collected 106 cases from his own m aterial 
and from reports in the lite ra tu re . According to certa in  d a ta , the congenital disease is rarely 
inherited.

Four cases of congenital imperfect osteogenesis have been studied. In  none of these 
instances was there a sim ilar change in the paren ts, or even in the family.

The changes were found m ainly in the bones. A lthough osteoblasts occured a t sites in 
considerable num bers, th ey  were spindle-shaped, dev iating  from the normal. As a resu lt, there 
was a marked disturbance in the genesis of the bony trabecules. Microcysts were found to  have 
replaced the trabecules, which were absorbed in m any p arts ; in other parts, areas of angio­
matosis were visible. A tten tion  is drawn to the changes of the periosteal blood vessels, which 
show an increase of elastic fibres, intim ai proliferation and narrowing of the lum en. Connective 
tissue changes occuring in  im perfect osteogenesis and  constitu ting  part of the mesenchymal 
developm ental defect, are described.

K. Viszlóy, Gy. Kasza

(D epartm en t of Pathology, M unicipal H ospital, Ozd)

Polarization-Optical Study o f Im perfect Osteogenesis

Tissues taken from  individuals suffering from  im perfect osteogenesis, a congenital 
abnorm ality , contain collagen as does the norm al tissue, w ith  the difference th a t th e  form ation 
of polysaccharide ground substance necessary for the collagenous structure  is increased. 
This is supposed to lead to the development of fibres of abnorm al submicroscopic structure. 
Fibres of th is kind desin tegrate spontaneouslyunder certa in  endogenous or exogenous influences. 
This would explain w hy high polysaccharide con ten ts and polysaccharide orien ta tion  were 
observed in certain areas (sinciput), while the original polysaccharide content of the  fibres was 
ju s t perceptible in o ther areas (ribs, femur) where the  rap id  disintegration made it  impossible 
to dem onstrate their fib rillar orientation.

T. Vizkelety

(Clinic of Orthopaedics, U niversity  Medical School, Budapest)

Hereditary Properties o f  Congenital Dysostoses

Preform ation and form ation of bone proceed in various ways and w ith various in tensity  
during in trau terine life and after birth. The inherited  pathological gene sta te  m ay give rise, 
to a systemic m esenchym al lesion and on this basis to a generalized disturbance of ossification 
bu t m ay also act, as a predisposing factor, on grounds of which the disease will m anifest itself 
differently in response to the influence of extrinsic factors. An example for this are the localized 
forms of enchondral dysostosis.

The disease m ay show characteristic sex varia tions. In  the case of an enchondral dysos­
tosis appearing in sim ilar form in the members of one fam ily, a similar gene dam age m ay be 
suspected. When the sym ptom s are different, ex traneous factors may be a t p lay. The time 
factor is involved in the sense of Murk Jansen’s law , and influenced the form of appearance 
and the character of the condition. A case is dem onstra ted  which at the age of 12 years had 
presented a severe ossification disturbance in the bones of the hand while no sign of m alform a­
tion was visible at the  age of 18 years.

The course of inheritance is often irregular. Even m ost extensive and detailed  fam ilial 
studies have failed to dem onstrate a regular course of inheritance in every case.
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G. Miklós, J. M arton

(D epartm ent of Pathological A natom y, János H ospital, B udapest)

F oeta l Adrenocortical M egalocytosis, w ith Special Reference to 
its Relationship to Certain Developm ental Defects

S y stem atic  exam inations revealed an increase in the num ber of m egalocytes in  the 
foeta l a d ren a l cortex in 5 out of 80 unselected foetuses and newborns. In three cases the ad reno­
cortical m egalocytosis was m arked, in  two cases it was slight. The ceils varied from  50 to  120 // 
in  d iam ete r , had  hyperchromie nuclei, the nucleus to cytoplasm  relation was norm al, the cy to ­
plasm  w as eosinophilic, finely granu la ted  or vacuolized, and contained sometimes inclusion­
like globules. Polynuclear cells were rare ly  observed. The m egalocytes were found around  the 
a b u n d a n t sinusoid vascular netw ork in the foetal zone, accom panied by m any regressive, 
necro tic  cells. No megalocytes were found in the outer zone of th e  adrenal cortex and the m edulla. 
The ad ren a ls  exhibited no gross change; th ey  were no t enlarged. In the cases exhibiting severe 
m egalocytosis the diagnoses revealed a t necropsy were:

1. T etra logy  of Fallot and po lydactylia; 2. In trac ran ia l haem orrhage; 3. Ic terus gravis, 
in  th e  sligh t forms they were, 4. transposition  of the g reat vessels w ith ven tricu lar sep ta l 
defect; 5. com m on arterial trunk , ven tricu la r septal defect, renal dystopia; hyospadias u n d e­
scended testic les, and external gen ita l organs of fem inine character. Of the three cases w ith  
d isorders o f developm ent 2 were boys, the th ird , showed a predom inance of m asculine c h a r­
ac te r; th e  rem aining two were girls.

T here  is scarce evidence in the  literature  as to  the occurence of m egalocytes in  la te  
foetal- o r new born age. The data  re la tive to  the term inology, origin, frequency and evaluation  
of the m egalocytes are divergent. H e t t  in  1925 was th e  f irs t to m ention these m ononuclear 
g ian t cells o f the adrenals, which in  th e  course of norm al developm ent are present during the 
second m o n th  of foetal life and disappear during the 4 th  and  5th m onths. Their presence in  
the la te  fo e ta l period or in new borns is indicative of a pathological condition (hyperplasia, 
tum our). C r a i g  and L a n d i n g  consider them  to be anaplastic  cells resembling cells of the 
ad renoco rtica l cancer responsible for Cushing’s syndrome in adu lts, though there are no m ito tic  
form s am ong  them . As opposed to th is  B e a t t y  and H a w e s  correlate the cells in question w ith  
invo lu tion  o f the foetal cortex. P o t t e r  described them  as cases of adrenal cytom egaly, b u t did 
no t consider the change to be iden tical w ith the cytom egalic inclusion disease due to  a v ira l 
infection  o f the  salivary gland, though  he could find inclusion bodies of the so-called Cowdry 
В type . W e, too, suggest the term  “ m e g a lo c y to s is” , to  underline the differences from cytom egaly. 
The incidence of such cells in new borns has been estim ated  from  1 to 6.5 per cent by  d ifferent 
au thors. M ost authors ascribe the appearance of such cells in la te  foetal life to toxic in trau te rin e  
factors, b u t R h  incom patibility and  asphyxia m ay also p lay  a role. I t  is particularly  rem ark ­
able how o ften  they  occur together w ith developm ental defects. I t  has been proved th a t  the 
m egalocytes would have horm onal ac tiv ity . There are few, and mostly contradictory , d a ta  
as to  th e ir  even tua l correlation w ith  the adrenogenital syndrom e.

In  th e  present m aterial in 3 cases such cells were found together w ith developm ental 
defects in  o th e r organs in 3 cases. In  one case they were associated w ith icterus gravis due to  
Rh incom patib ility , and it was in one case only th a t the ir presence was not accom panied by  
developm enta l disorders. The frequen t occurence in com bination w ith the la tte r  suggests 
a com m on teratogenetic effect. The cell-deformity change corresponds to a hyperplasia of 
em bryonic cells. The possibility of a m alignant tum our arises a t the most in the i n  s i t u  form  de­
scribed b y  M a l l o r y , because the nucleus cytoplasm  relation  is norm al and there are no m ito tic  
form s to  be found. However, m egalocytes m ay play a role in the developm ent and grow th of 
ad renoco rtica l cancers in infancy and  childhood.

S. Ferenczy

(D epartm ent of Pathology, Zala County H ospital, Zalaegerszeg)

Complete Duplications of the Large Intestine

In  m an , duplications of the gastro-in testinal tra c t and  especially those of the large 
in testine  are  ra re  developm ental disorders. Such m alform ations are much b e tte r know n in 
v e te rin a ry  pathology ( J á r m a i ) th ey  have been observed by  J o s t  and K o c h , as well as H o l z - 
b a u e r  in  b irds and cattle.
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Partia l duplications occur more frequently . Complete duplications have been described 
in the literatu re  in a to ta l of 28 cases, viz. S u p p i g e r  1876, L e s b r e  1878. P i c c o l i  1892, B l a n k  
1896, G r o i i é  1900, V o l p e  1903, B a r  1909, B a l l a n c e  1930, A s a i  1936, O m b r k d a n n e  1936. 
G r a y  1940, M o n t a u  and D e n n y  1945, W e b e r  and D i x o n  1946, B r u n s c h w i g  — D a r g e o n  
R u s s e l  1948, A l a r d  — R o s s  — H o p k i r k e  1949, A i t k e n  1950, F i s c h e r  1950, D i a z  1951, 
Z w a l e n b e r g  1952, N e v i l l e  1953, R a v i t s c h  1953, F e l l m a n n  1955, V a l z e r  — B u r r i c h  — 
J e n k i n s o n  1956, B e r n s t e i n  1957, J u d y  1957, C o o k  — Z i n g e r  — F r e n k  1960, D a n  1960 and 
O e c o n o m o p o u l o s  — D a r g e o n  R u s s e l  1962.

Of these 28 cases only 7 were exam ined post mortem , the rest were diagnosed a t  oper­
ation or radiologically. I t is clear from the above reports th a t the duplication is alw ays associated 
w ith o ther developm ental defects, m ostly of the rectum  and the urogenital system , there was 
one single instance where the duplication occured alone.

The following two cases have been observed.
1. In a stillborn male in fan t, 48 cm long, w ith  a head circumference of 33 cm, the large 

intestine was completely duplicated, the duplication  extended to every layer; th e  rec tum  was 
absent. B ilateraly polycistic kidneys, hydroureters and urethral atresia were also present.

2. A prem ature female in fan t, 34 cm long who had lived 5 hours a t necropsy showed 
duplication of the large in testine a defect of the abdom inal wall and fissure of th e  urinary 
bladder. Atresia ani, dorsal rachischisis, b ila teral hydronephrosis and h yd rou re te r, as well as 
an urachal cyst were also present.

Thus, in our cases a varie ty  of m alform ations accompanied the duplication  of the large 
in testine, involving in both  cases the rectum , kidneys and ureters.

No data  relative to the genetics of the disorder could be found. In Case 2 th e  m other, 
a prim ipara 22 years old, in the earliest phase of her pregnancy had been sp ray ing  DDT and 
subsequently  had been sick for 2 days. Sim ilar contac ts with DDT have been observed by the 
au th o r in connection w ith o ther developm ental defects.

J. Kovács

(D epartm ent of Pathology, H ospital of the Zala County Council,
Zalaegerszeg)

Congenital A genesis o f  the Kidney

Congenital agenesis of the kidney is a rare  developm ental defect, especially on both 
sides. According to B e l l , D avid son  and R oss, as well as B ell  and N a tio n  ab o u t 230 cases 
have been described. B el l  found the condition in 21 cases among 59.000, N a t io n  in  3 out of 
27.000 necropsies. B ilateral agenesis of the k idney is often associated w ith o ther developm ental 
defects. Some of the patien ts are stillborn.

Of the 317 developm ental disorders found during 10 years, 7 were cases o f renal agenesis 
including 2 bilateral ones. B oth babies were born alive. One of them lived 5, th e  o th e r 25 min­
utes. Of the 5 cases of unilateral agenesis in 2 the solitary kidney showed congenital hydro­
nephrosis and hydroureter. In both cases the d irect cause of death was uraem ia.

U nilateral agenesis of the kidney could be dem onstrated in two males, one aged 35, 
the o ther 49 years, and in a female aged 72 years. None of them showed any o ther developm ental 
defect.

The in fan t w ith b ila teral agenesis, who had  lived 5 minutes exhibited b ila te ra l clawfoot 
and bilateral sternocleidoid agenesis. In  the o ther case hypoplasia of the u rinary  b ladder and 
an urachus cyst were found.

Two cases were transito ry  betw een un ila tera l and bilateral agenesis. In  one of them  the 
righ t kidney was absent, and in addition to a hypoplasia left kidney, Ellis— van Creveld’s 
syndrom e and a ventricular septal defect were found. In  the other case (an in fa n t aged four 
m onths) the left kidney and adrenal were absent, the right ureter was stenosed, the r igh t kidney 
showed hydronephrosis, the Botull’s duct was p a ten t and the foramen ovale was also paten t.
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Zs. Csapó, Judit Lantos, B. Zolnay, J. Ormos

(Institu te  of P atho logy , University Medical School, and  Institu te  for 
Public Health, Szeged)

Experim ental Pyelonephritis

Various methods have been applied for inducing pyelonephritis in rats by the in tra ­
venous adm inistration of E s c h e r i c h ia  co li originating from  infected hum an urinary  trac ts . 
In jec ting  a bacterial suspension in  itself was not sufficient for inducing changes in the ra ts . 
If , how ever, the unilateral u re te r  was ligated for 24 or 48 hours a fter adm inistration of the 
bacte rium  suspension, in ab o u t 36 per cent of the anim als acu te  apostem atous pyelonephritis 
developed on the same side, to  tu rn  later into chronic scarred  pyelonephritis. Chronic ligation 
of th e  u re te r led to hydronephrosis, and in 65 per cent to  pyonephrosis. I t  was also a ttem p ted  
to induce pyelonephritis by  producing symmetrical renal co rtical necrosis by the horm onal 
m ethod  described by K ovács an d  D ávid before adm inistering  the bacterial suspension; 
th is m ethod  has failed and i t  w as established by renal bac te ria l counts th a t the m entioned 
horm onal treatm en t did no t influence the bacterial con ten ts of the kidneys significantly. 
L igation of one ureter for 48 hours increased the renal b ac te ria l count already during the 
obstruction ; after releasing the  clam p the bacterial count still rem ained higher than  in  the 
o ther kidney.

J. Ormos

(Institu te  of M orbid A natom y and P athohisto logy , University 
Medical School, Szeged)

Electron M icroscopic Studies of R enal Cortical Necrosis

An electron m icroscopical s tu d y  has been made of sym m etrical renal cortical necrosis 
induced horm onally by the m ethod  of K o v á c s  and D á v i d . The renal structures are affected 
in  various degrees. The m ost severe changes are found in  th e  proxim al and distal convoluted 
tubu les, b u t even there re la tive ly  in ta c t tubular epithelial a reas a lte rna te  w ith gravely dam aged 
p a rts ; significant differences can be found between ad jacen t cells, too. The cell body shows a 
more m arked “ oedem atous” sw elling than  what occurs norm ally . The mitochondria dissociate 
and  d isin tegrate, or become s tu n te d . The brush border and  th e  basal labyrinth gradually  
d isappear. Many lipid-rich cytosom es appear, containing som etim es membraneous elem ents 
(lysosomes). The residues of th e  cell body constituents leave in  p a rt through the basem ent 
m em brane tow ard the in te rstitiu m , while some are ejected in to  the  lum en. After it has undergone 
necrosis the cell body is osm iophilic, displays a spotted  s tru c tu re , then , becoming gradually  
more and  more homogeneous, en te rs  the lumen and form s a cylinder. 48 hours later am ong the 
necrosed ones very light, und ifferen tia ted  cells occur: these m ight correspond to regenerated 
epithelium . Alongside the variab le  cytoplasmic changes th e  nuclei seldom show alterations, 
such as hyperchrom atosis of th e  nuclear membrane. The tu b u la r  changes preponderate over 
the glom erular ones, which arise a t  a la ter time. I t  is firs t of all th e  podocytes th a t are dam aged, 
show ing for example a m erging of the pedicle processes.

E. Szalay, I. Vargha

(F irs t In stitu te  of Patho log ical Anatomy and E x perim en ta l Cancer Research, and 
Second D epartm ent o f Medicine, U niversity M edical School, Budapest)

A m yloid  Glomerulonephrosis

A lthough amyloidosis (including th a t of the k idney) is in  m ost cases diagnosed only 
p o s t  m o r te m  (in 50 per cent in th e  present authors’ m ateria l), a careful scrutiny of the clinical 
and  morphological findings is necessary for a better unders tand ing  of the etiology, p a th o ­
genesis and the effect of new p o te n t therapeutic agents.
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12 cases (eight per cent) of the autopsies performed during 6 years on subjects who had 
died of renal disease revealed amyloidosis of the kidney. The ratio  between prim ary and second­
ary ainyloidoses (3 : 9) and the four tuberculous cases am ong the secondary amyloidoses do 
not show the po ten t action of new antibiotics and new an tituberculous drugs described in 
recent literature. The in terval between the first m anifestation  of the renal lesion and its fata l 
term ination (due to  uraem ia in 50 per cent of the exam ined cases) was notably  short. Cortisone 
trea tm en t was found to be decidedly noxious.

I t  is emphasized th a t gross diagnosis is insufficient, th a t  amyloidosis is often associated 
w ith o ther more paten tly  m anifest renal diseases (which m ay represent the prim ary lesion, 
e.g. pyelonephritis), and th a t the staining reactions are extrem ely  variable. Increased a tte n ­
tion to the disease would reveal the existence of m any more cases.

V. Szokoly, Sz. Gomba. B. M argit Soltész 

(In stitu te  of Pathology, U niversity Medical School, Debrecen)

Vital Staining o f Juxtaglom erular Granulated Cells

After adm inistering in travenously  or in traperitoneally  a 1 per cent solution in physio­
logical saline of different dyes (azine, oxazine, thiazine, azo, diazo, triphenylm ethane, xan- 
thene) to white mice, squash preparations of their kidneys were examined under the light 
microscope and in some cases for fluorescence. The results have confirmed the neu tral red 
effect described by Japanese authors. We succeeded in  stain ing the granules of the jux tag lom ­
erular cells also w ith brilliant cresyl-blue, Nile-blue su lphate and acridine orange. The prob­
able mechanism of staining has been discussed.

J. Faller, Gy. Ungváry

(Institu te  of Surgical Anatom y and Surgery, and In s titu te  of 
A natom y, U niversity Medical School, Budapest)

Q uantitative Exam ination of Glomerular Changes 
Following Experimental Renal Infarction

In experim ents performed on dogs, guinea pigs and albino ra ts  renal infarctions were 
induced by ligating and dividing the anterior or posterior (som etim es the polar) branch of the 
un ilateral renal artery . A fter having made laboratory exam inations during the infarctions, 
the anim als were sacrificed a t different intervals. B oth kidneys were worked up histologically 
or injected w ith polyvinyl chloride. On the histological sections volum etric changes of the 
ligated and undam aged renal glomeruli were recorded and  compared to those of the other 
renal structures by means of Palkovits — Csapó’s nuclear varia tion  table. Glomerular counts 
in the corrosion preparations were made according to Zolnai’s method. After the infarction 
had developed, results obtained for the ligated and the undam aged kidney of the test an i­
mals were compared w ith those for the kidneys of contro l anim als, taking the tim e-factor 
into consideration.

A. Bajtai, K lára Németh

(F irst In s titu te  of Pathological A natom y and Experim ental 
Cancer R esearch, U niversity Medical School, Budapest

Histological Changes After Cardiac Surgery and Resuscitation

Cardiac operations (interventions w ith extracorporeal circulation, ventriculotom y, 
comm issurotomy, resuscitation), m ay give rise to different m yocardial changes, which m ay 
decisively influence the success of the surgical in terven tion . The significance of such changes 
has been analysed on the evidence of 50 post-m ortem  findings.
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Lesions observed in the h ea rt are of three kinds.
T he first group includes those very conspicuous infarctionlike necroses on both  sides 

of th e  ventriculotom y which m easure 3 to 4 mm in w idth and m ay extend over the entire 
th ickness of the ventricular wall. Lesions of this nature  are equivalent to  infarctions both 
clin ically  and anatom ically.

To the second category belongs the focal myocytolysis which, occurring independently  
o f th e  ventriculotom y in the surroundings of the operation area, m anifests itself w ith  a swelling 
and  homogeneous staining of th e  muscle cells, weakening of nuclear staining, and a welJ- 
p reserved  sarcolemma. Diffuse necrosis w ith  leukocytic in filtra tion  and necrobiosis also occurs. 
The la t te r  form of the lesion is characterized by oedem atous swelling of the cells, enlargem ent 
o f th e  nuclei, loosening and  m arked  staining of the chrom atin.

H aem orrhages constitu te  th e  th ird  category. They m ay be subendocardial, subepi­
card ia l and  also in tram ural suffusions. The in tram ural ones, by compressing the branches of 
th e  co ronary  artery, lead to  m yocardial necrosis. H aem orrhages in the ven tricu lar septum  
prom ote  post-operative com plications by dam aging the A-V bundle.

Gy. Nagy, L. Csanádi

(D epartm ent of Patho log ical A natom y, B ugát Pál H ospital, Gyöngyös)

A etiology o f  N on-R heum atic Myocarditis

T he autopsy m aterial of th e  hospital in the period 1960 to 1963 contained 11 cases of 
acu te  an d  one case of chronic non-rheum atic  m yocarditis, ou t of a to ta l of 1579. Five of the 
acu te  cases were myocarditis of th e  F iedler type in  infants or children. There is an increasing 
n u m b er o f clinicians and virologists who hold th a t  F iedler’s m yocarditis is of v ira l origin. 
T his th eo ry  has been substan tia ted  by the present m orphological findings. Four of the cases of 
F ied ler ty p e  myocarditis occured w ith in  5 m onths, so th a t one is justified  in speaking of a 
m odera te  epidemic. One case appeared  after smallpox vaccination which m ay have constitu ted  
a pa thogen ic  factor. Virological investigations will probably help in elucidating the aetiology 
of F ied le r’s myocarditis.

B. Veress, T. Kerényi, I. Hüttner, H. Jelűnek

(Second In s titu te  of Patho logy , U niversity Medical School, B udapest)

Submicroscopie Study o f the Phases o f Muscle Necrosis

M allory’s phosphotungstic acid haem atoxylin  has proved to be the stain  of choice for 
v isualizing muscle necroses. I t  w as possible to distinguish three phases in the necrosis of muscle 
fib res, (a) an  initial phase in w hich the dye was intensively bound; (b) a second phase in which 
a g ran u la ted  disintegration of m uscle fibres is visible; (c) a th ird  phase in which the dye failed 
to  be bound . Polarisation, phase con trast and fluorescence microscop revealed th a t  in the 
f irs t phase the optical properties o f the necrosed muscle fibres were considerably different 
from  those  of normal muscles, w hereas a struc tu ra l desorientation could be seen in the later 
phases. T ransito ry  forms were also observed. The in tensity  of the dam aging factor influences 
the p ic tu re  and determines the m orphological changes.

P. Röhlich, I. Törő

(Institu te of H istology and  Embriology, U niversity  Medical School,
B udapest)

Early Phase o f Phagocytosis in the M esenteric Lymph Node

T he phagocytosis of chyle partic les has been exam ined in the reticular cells of the 
m arg in a l sinus of mesenteric lym ph  nodes. A dsorption of particles on the surface of the 
cell m em brane may be regarded as the first phase of phagocytosis. A m oderately  electron-
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dense layer, about 500 Â in thickness, separates th e  particles from the osmophilic portion 
of the cell m em brane. The cell membrane then form s a fold into the cytoplasm  so th a t 
the m oderately electron-dense layer and the partic les a ttached  to it gain access in to  the 
fold. The invaginated  p a rt becomes detached from  th e  cell mem brane and changes in to  a 
round phagocytotic vacuole. The m oderately electron-dense layer rem ains on its  inner 
surface for a long tim e. A delicate striation perpendicular to  the surface was also observ­
ed; it consists of fine filam entous structures m easuring about 20 A in thickness.

T. Kerényi, L. H aranghy, I. H üttner, В. Veress 

(Second In s titu te  of Pathology, U niversity  Medical School, B udapest)

44 Senile Pigm entation” in Young and Old Age

The accum ulation of “ senile” pigments a t selected points of the central nervous system  
has been studied in hum an subjects and in ra t experim ents. The morphological and  histolog­
ical properties and in tracellu lar arrangem ent of the pigm ents have been studied and electron- 
microscopic exam inations were made to elucidate th e ir fine structure and origin.

L. Barla Szabó

(D epartm ent of Pathology, Uzsoki S tree t H ospital, Budapest)

Developm ent o f Cutaneous Pigm entation in Man and in M ammals

I t  has been observed by Z i m m e r m a n n  and B e c k e r  J r . th a t incerta in  cephalic regions 
of negro em bryos m elanocytes filled w ith native m elan in , revealed in unstained sections by 
their brown colour, have been found as early as in th e  3rd m onth  of foetal growth. The authors 
quoted do not discuss the fate of these m elanocytes rich in native melanin in  the course of 
further developm ent, b u t they  mention th a t they  did no t find  any native brown m elanin in 
the epiderm al basal cells of “ dopa stained” of negro new borns. In the present studies similar 
m elanocytes rich in m elanin have been found in the ou ter acoustic meatus and nasa l skin of 
white hum an em bryos aged 3 to 5 months. The finding is interesting because

1. ample quantities of similar native m elanin-containing melanocytes, developed in the 
course of in trau terine life, occur in Caucasian and coloured adults only in the h a ir follicles;

2. pigm entation due to melanocytes of the sam e type can be found in m ost m am m als 
in these areas not covered by hair, so on the head, in the first place,

3. the native m elanin-bearing m elanocytes observed in the outer acoustic m eatus of 
Caucasian em bryos were at a high level, i.e. about to  be ejected.

To in terp re t this finding, the pigm ent-producing system  of mammals and m an is com­
pared from the point of view of morphology and function. According to R ey n o ld s  the epiderm al 
m elanocytes of m am m als are

1. pigm ental m elanocytes, capable of m elanin production;
2. pigm ented or active melanocytes, contain ing visible melanin;
3. non pigm ented m elanocytes, which do no t contain  and cannot be induced to  form 

melanin.
The pigmented epidermal melanocytes capable of producing melanin can be activated  

by chemicals, but according to Q u ev ed o  J r. and I s iie r w o o d  only in the case of growing hair, 
suggesting that in mammals epidermal pigmentation is correlated with pigmentation of the 
hair.

In Caucasian and coloured human races m elanocytes showing such a constan t and 
ample pigm ent content as displayed by the active m elanocytes in the non-furred m am m alian  
skin occur exclusively in the hair follicles. The ep iderm al melanocytes of hum ans are of the 
so-called “ clear cell”  type of Ma sso n ; their ac tiv ity  especially in the Caucasian race depends 
upon ultrav io let rad iation .

As far as the developm ental relations are concerned, in the m am m alian em bryo the 
pigm ented active m elanocytes develop fully in the epiderm is and hair follides during in tra ­



64

u te rin e  life. In  the present studies it  has been found th a t  the pigm entation observed in C auca­
sian h u m an  em bryos in the 3rd to 5 th  months of em bryonal life and described also by  Z im m e r ­
m an n  an d  B e c k e r  J r , is tem porary , as indicated also by  the “ high level” position of p igm en t­
ed m elanocytes in the outer acoustic m eatus, and d isappears after the 5th m onth  o f p reg ­
nancy . F ro m  then  on till foetal m atu ra tion  no native brow n m elanin can be dem onstrated  in the 
ep iderm al melanocytes, and the complete epiderm al pigm entation reacting to u ltrav io le t 
rad ia tio n  only  develops during the firs t months of ex trau te rin e  life. Therefore, brow n m elanin 
g ranules can be observed in the epiderm is of Caucasian and  coloured races only a fter b irth . 
Before b ir th  the epidermal granules im pregnable w ith  silver consist of prem elanin.

In  p rim ates (the anthropoid  apes) the m am m alian  pigm ent composed of ac tive  pig­
m en tes m elanocytes and developed during in trau terine life is m arked in the skin of the face and 
th e  ear, including the inner ear, i.e. the  sites where the  hairs disappear w ith the advance of 
developm ent. On this basis the sim ilar pigm entation occurring in the ear and nasal skin of 
th e  h u m an  em bryo seems to be a vestige indicative of m an’s relationship w ith the prim ates.

Gy. Földes, T. Holló

(P ostgraduate  Medical School, B udapest)

Generalized Herpes Simplex

H e rp e s  sim plex , an  acu te  v esicu lar e ru p tio n  a ffe c tin g  th e  skin, the  eye a n d  th e  m ucous 
m e m b ra n e s  o f  th e  ex te rn a l orifices o f th e  body , h a s  long  been  know n as a v ira l  d isease . In  
1919, G o o d p a s t u r e  succeeded in  in d u c in g  it  in the  e m b ry o . L ipsch ü tz  su b seq u e n tly  d e m o n ­
s t r a te d  th e  p resen ce  of eosinophile inclusion  of herpes sim p lex . I t  w as long believed th a t  th e  v iru s 
d id  n o t  a f fe c t th e  in te rn a l o rgans. H ass described in  1935 p o st-m o rtem  find ings m ad e  in  a p re ­
m a tu re  o f  14 d ay s who d isp layed  necroses su rro u n d ed  b y  a haem orrhag ic  zone in  th e  liver 
a n d  th e  su p ra re n a l gland. H ass o b se rv ed  th e  eosinophile  inclusion  bodies o f L ip sc h ü t z  in  th e  
in ta c t  cells a ro u n d  the  necrosed a rea s , an d  d iagnosed , on  th e  evidence of th is  o b se rv a tio n , 
th e  case  a s  one  of herpes sim plex .

Since then , herpes virus infections have often been diagnosed on the streng th  of p a th o ­
logic changes alone. Several au thors (e.g. D e b r é , L e l o n g , Z u e l z e r ) succeeded in d em o n s tra t­
ing th e  v iru s  in addition to the characteristic  histological changes. Cases w ith fa ta l te rm i­
na tion  h ave  been described in in fan ts only.

The case of a prem ature fem ale infant of 10 days is reported whose au topsy  revealed 
th e  above-described lesions. The m other of the baby had  had  a herpetic infection in th e  second 
half o f pregnancy.

P. Biancliini

(Modena)

Some Aspects o f  the Clearing Factor Problem

Two groups of experim ents have been perform ed to  study two different aspects of 
the CF problem . The first one is th e  exhaustion of th e  CF producing or repeated in jections 
of sm all doses of heparin (250 /zg/kg) (ra t) cause a decrease of blood. CF activ ity  in exhaustion  
is a lm ost com plete after four in jections of heparin b u t th e  CF releasing system can be com ­
p le te ly  re s to red  after 40 m inutes.

T be second one is the inhibition  of the CF system . Some inhibitors of CF bo th  in  v itro  
and in  v ivo (Triton WR 1335, salm ine sulphate, su p e rn a tan t of India Ink) cause an  increase 
of blood triglycerides. This inhibition  does no t seem com plete despite the fact th a t  no ac tiv ity  
is show n b y  th e  Ediol test. In fact th e  injection of heparin  in CF blocked rats (on E diol tes t) 
is effective in  reducing plasm atriglycerides.

Two hypotheses are offered. The existence of tw o different enzym atic system s, bo th  
ac tiv a te d  b y  heparin, is supposed. I t  is however possible th a t  injection of heparin  causes a 
release o f CF inactivated  substrate-com plexes from blood vessel walls and th a t new enzym es 
take p lace on the cellular surface.



G. Lusziig

(Section of Pathology, County Council H ospital, Kecskemet)

Blood Coagulation Factors and Atherosclerosis

Some factors have been studied which are capable of influencing coagulation, th e  heparin 
houshold, and the developm ent of atherosclerosis. The investigations were ex tended  to the 
role of m acrom olecular substances, histam ine, old age, a lim entary  lipaemia, fu r th e r to in te r­
connection between certa in  hormonal factors and endogenous heparin, as also to  the effect of 
chemical thyro idectom y, thyroid hormone and th y ro tro p h in  on certain factors o f blood c lo tt­
ing.

(1) High m olecular dextran  liberates heparin or a heparin-like substance and  produces, 
at the same tim e, a histam inic effect.

(2) The fact th a t  the hyperheparinaem ia appearing  on dextran tre a tm en t does not 
affect coagulation is presum ably due to the concom itan t increase in the blood h is tam in  level.

(3) The blood heparin  level is inversely re la ted  to  the am ount of to tal lipids. Rise in the 
lipide level of the blood is preceded by a drop of the heparin  level in cases of a lim en ta ry  hyper- 
lipaemia, and vice versa.

(4) The blood heparin  level in aged feinals falls below the earlier level in 75 per cent of 
the cases. This phenom enon is somewhat less frequen t in males.

(5) The am oun t of endogenous heparin is increased t hreefold in certain infectious diseases 
such as hepatitis, m easles and scarlet fever.

(6) The am oun t of endogenous heparin dim inishes in cases of hypo thyro id ism  and 
invariably increases in those of hyperthyroidism .

(7) T reatm en t w ith  thyroid extract does no t influence the amount of endogenous heparin 
in rabbits, while the level of heparin falls, the clearing effect is antagonized, and coagulopathy  
develops after chem ical thyroidectom y. T reatm ent w ith  thyro id  extract elim inates the  coagu­
lation disturbances.

(8) T hyro troph in  does not seem to affect the heparin  level and the exam ined  blood 
coagulation factors.

The investigations were designed to show th a t  m ost factors involved in th e  pathogen­
esis of atherosclerosis are a t the same time capable of influencing one or the o th e r fac to r of 
blood coagulation.

L. Józsa

(D epartm en t of Pathology, County Council H ospital, Kecskemét)

E ffect of Thyrotrophin and Thyroid Hormone 
on the Composition o f  the Aortic Wall

Biochemical and  histocheinical investigations have been carried out to s tu d y  the effect 
of the p itu ita ry -thy ro id  system  on the acid m ucopoly-saccharide content in the  ao rtic  wall 
of anim als. N orm al anim als, further animals trea ted  w ith  thyrotrophin or thy ro id  horm one, 
as also thyroidectom ized anim als were used. In  addition  to the acid m ucopolysaccharide 
contents, the proportion and am ount of chondroitin su lphate  A -f- C, chondroitin su lphate  B, 
hyaluronic acid and o ther fractions, further the am oun t of glycoprotein were determ ined .

I t  was found th a t  in the aortic wall the acid mucopolysaccharide co n ten t increased 
by 79.9 per cent after the adm inistration of th y ro troph in  and  by 117.8 per cent a fte r  chemical 
thyroidectom y, w hereas it  decreased, on the average, by 43.3 per cent following tre a tm en t 
with thyroid horm one. T reatm en t with thy ro trophin  and  thiamiazole reduced the frac tion  of 
chondroitin sulphate В and elevated the hyaluronic acid contents. T hyrotrophin  caused a 
considerable rise in the am ount of chondroitin su lphate  A -f- C while chemical thy ro idectom y 
increased it bu t m oderately . The other fractions (heparin , heparitin sulphate) were reduced 
by trea tm en t w ith thy ro troph in  and thyroid horm one, and notably increased b y  chemical 
thyroidectom y.

The significance of biochemical changes and the ir role in the diseases of vessel walls 
have been discussed and the results of anim al experim ents compared with observations made 
on the aorta of hum an  subjects suffering from thy ro id  deficiency.

5  A cta M orphologica Suppl. X II I .
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H. Jelűnek, I. Hüttner, T. Kerényi, B. Veress, Éva Konyár, Klára Szentágothai 

(Second In s titu te  of Pathology, U niversity  M edical School, B udapest) 

Fibrinoid Necrosis o f Sm all B lood Vessels

In  various experim ents it  has been observed th a t  th e  sm ooth muscle cells p lay a decisive 
role in  the  developm ents of fibrinoid necrosis of the vascu la r wall. The early stages of sm ooth 
muscle cell necrosis are readily  dem onstrated by d ifferent m ethods. Necrosis of sm ooth muscle 
cells develops on painting w ith  acid, in hypertensive s ta te s , in response to nor-adrenaline 
tre a tm e n t. Im bibition w ith plasm a, which together w ith  muscle necrosis constitu tes the 
“ fib rino id  substance” , m ay vary  in  intensity. In sm all vessels not possessing an elastic  m em ­
brane , im bibition  w ith plasma and muscle necrosis develop simultaneously. The in te rn a l elastic  
m em brane reduces the ra te  and ex ten t of im bibition. In  fib rino id  necrosis appears in  dépend­
ance on the severity  of the lesion. Muscle necrosis, plasm a im bibition and the prec ip ita tion  of 
fib rin  can read ily  be distinguished from  one another b y  sta in ing  methods, polarization op tica l 
analysis, fluorescence microscopic exam ination, and phase contrast microscopy.

Anna Kádár, Éva Konyár, H. Jelűnek, F. Lajosi 

(Second In s titu te  of Pathology, U niversity  M edical School, B udapest)

Fibrinous V essel-W all Necrosis Induced by Horse Serum

Periarte riitis  nodosa has been induced in rab b its  b y  means of horse serum  according 
to  R ic h  e t al., and the affected m inor vessels of the m uscular type have been stud ied .

V ascular changes were observed in various parenchym atous organs, lungs, h ea rt, k idneys 
and  the  in testina l subm ucosal vessels. Various sta in ing  m ethods, and polarization op tica l 
m ethods were applied to follow the successive phases of the  vascular changes from  th e ir  e a r­
liest p lasm atic  m anifestations to  the final fibrinoid necrosis.

The vascular changes observed in these experim ents were identical w ith those induced 
by  hypertension  experim ental or noradrenaline tre a tm e n t.

L. Józsa, Mária Perneczky, Gy. Szederkényi, G. Lusztig

(D epartm ent of Pathology, County Council H ospital, Kecskemet)

Role o f the Pituitary-Thyroid System  
in the Regulation of Serumal Mucopolysaccharides

Investigations into the effect of chemical thy ro idectom y, thyrotrophin and  th y ro id  
horm one on the m ucopolysaccharides in the blood of ra b b its  have led to the following con­
clusions.

(1) T hyrotrophin  and chemical thyroidectom y induce a significant rise in th e  blood 
level of glycoprotein, m ucoprotein, hexosamine, sialic acid and to tal m ucopolysaccharides. 
The effect takes about 14 days to  develop.

(2) The said changes are less pronounced after th e  adm inistration of thyro id  horm one.
(3) The effects of chemical thyroidectom y are antagonized by thyroid horm one.
I t  is assum ed, th a t the thyro id  is ju s t an in te rm ed ia ry  factor in the regulation of the 

blood mucopolysaccharide level and  thyrotrophin  is th o u g h t to  be the dom inant fac to r in th is 
respect.
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L. Nagy, Klára Szemcnyei

(Second In s titu te  of Pathology, U niversity  Medical School, B udapest)

Vascular Changes in Rats Painted with HCI and Fed with Cholesterol

The abdom inal aorta and  the fem oral a rte ry  of ra ts  were painted w ith concentrated  
hydrochloric acid, and the anim als were then fed w ith cholesterol. The appearance and  incorpo­
ra tion  of cholesterol in the im paired vessel walls, as observed by means of different staining 
procedures and seen under the polarization microscope is discussed and a survey of the pertinen t 
lite ra tu re  is offered.

I. Hüttner, Éva Konyár, В. Veress, T. Kerényi, A. Tóth, H. Jelűnek

(Second In s titu te  of Pathology, U niversity  Medical School, B udapest)

Enzym atic and Ilistochem ical Observations 
in Rats with Experimental Hypertension

Earlier investigations of the present authors have shown th a t non-specific esterase and 
alkali phosphatase reactions provide the best inform ation about lesions of the vessel walls.

The present experim ents were designed to study , m ainly by means of the said enzym atic 
reactions, the dam aged minor vessels of the m uscular type in ra ts  w ith hypertension.

Non-specific esterase ac tiv ity  was found to be vigorous before, and cease after, the 
necrosis of muscle cells. A sim ilar phenomenon was observed in the first phase of th e  necrosis 
of stria ted  and heart muscles. The non-specific esterase reaction is thus suitable for the study  of 
new cells involved in the process of regeneration, and also for a determ ination of the necro- 
biotic condition of the cells. The adventitia l alkali phosphatase network around the media 
of the small vessels showed increased activ ity  in experim ental hypertension.

J. Balogh

(D epartm ent of Pathology, Balassa H ospital, Szekszárd)

Histology o f the Coronary Vessels after Transitory 
Experim ental Neurogenic Hypertension

Moderate hypertension has been induced in albino rats by unpleasant stim uli and the 
changes occurring in the coronary arteries, of the anim als have been studied a t d ifferent in ter­
vals after ending the stim ulation. The observed morphological and histochem ical changes 
and those occurring in the vessel walls, sm ooth muscles and elastic fibres, as also the in terre­
lations of the phenom ena are discussed. The correlation between the vascular changes, the 
degree and duration of hypertension and the changes provoked by it is analysed.

K. Farkas, M. Keller, D. Tanka

(S tate In s titu te  of Rheumatology-Balneology, Budapest)

Enzyme H istochem ical Changes on Exposure to Ultrasound

R ats were exposed to various doses of u ltrasound to determine the effect of such tre a t­
m ent on enzymic ac tiv ity . Sections of liver, kidney, spleen and skin have been studied.

From among the hydrolases the most characteristic change was shown by am inopeptid- 
ase, the activ ity  of which was strongly reduced in the organs, especially in the spleen.

Redoxases were found to respond most sensitively to ultrasound; even low doses caused 
excessive reductions in activ ity .
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J. Plank

(Presov, CSSR)

The M orphology of Congenital Atelectasis

The fetal atelectasis w ith  cleft-like alveoli is generally  known as the orthologic picture 
of th e  non-aerated  lung. B ut th is is only the structure  of re trac ted  lungs which has his origin at 
au topsy .

The lungs of newborn in fan ts  were fixed i n  s i t u  in order to eliminate the post-m ortem  
by au topsy  caused re trac tion  of the lungs. I t  was th u s possible to study  the true p icture  of the 
lung new born infants, one th a t  is in  m any regards d ifferent from  the generally known retrac ted  
lungs.

Alveoli in the non-aerated  newborn lung are sim ilar to  crum pled sacs bu t always d is tend­
ed. T heir lum en contains a H ale-positive fluid. N um erous pad-like protrusions of the alveolar 
walls are a characteristic sign of non-aerated alveoli.

The aerated lung of new born show globular expanded  alveoli and smaller portions of 
cleft-like alveoli. In the unve tila ted  paravertebral p a rts  the  alveoli present the same picture  as 
th a t seen in the lungs of stillborn  babies. A telectatic portions w ith cleft-like alveoli in the 
aera ted  p a rt of the lungs should be regarded as a com pensation for the expanded alveoli.

L. Wallacher, J. Balogh

(D epartm ent of Pathology, Balassa H ospital, Szekszárd)

H istology of the Carotid Body in Chronic Pulm onary Hypertension

The carotid bodies were exam ined histologically in 50 subjects dead w ith chronic cor 
p u lm o n a le  due to pulm onary  parenchym al degeneration.

In  all the cases rig h t h ea rt failure was revealed as the cause of death.
A significant increase was observed in the num ber of dark  cells in the carotid  bodies 

together w ith  signs of hypoxia due to cardio-pulm onary dam age.

L. Haranghy, Anna Kádár, Éva Konyár, Z. Kováts, M. Siska

(Second In s titu te  of Anatomical Pathology, U niversity  Medical 
School, B udapest)

Transfer of Deals Tum our

E xperim ents w ith the transm ission of Deals tu m o u r have been reported a t Perugia 
in 1961. F u rth e r 330 anim als were inoculated th rough  45 passages from 1961 to the end of 
1963; the ra te  of susceptib ility  rose to 81.2 per cent w hich means th a t not more th a n  two 
of ten  anim als inoculated w ith  the tum our were refrac to ry ; in  con trast to the previous findings, 
now there  were series in w hich th e  tum ours has taken  in every anim al. Incrase in the suscepti­
b ility  w ent hand in hand w ith  certa in  histological changes. Of a to ta l of 122 tum ours 53 were 
sarcom as w ith  small, and likewise 53 w ith large round  cells; some other form of tum our was 
found in 5 cases among w hich only a single one proved to  be fibrosarcom a. These figures show 
th a t th e  character of the tum ours  tends to become uniform  in the course of years, th a t  their 
overw helm ing m ajority  is of th e  indifferent type, and th a t  the percentage of the more benign 
fibrosarcom as has dropped to  0.82 per cent. The tendency  to  form m étastasés has increased, 
and th e  ra te  of cardiac deposits w as especially high (26 ou t of 83 cases). The tum ours were 
subjected  to  chemical analysis; the contents of d ry  substance and ash, and in this the am ount 
of sodium , potassium , calcium , inorganic salts, to ta l N , and the amino acids contents were 
determ ined  and compared to  the analysis of Guerin’s tum our. E xcept in respect of Ca, the 
chem ical results showed no significant deviation from  those obtained in the previous years.
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W hereas in 1960 the calcium conten t was 400 mg per 100 g dry  substance, it was 160 mg in 
1962 and 80.2 mg in 1963, a sta tistically  significant difference. The spleen of the tumorous 
anim als contained 2.83 mg per 100 g of Ca against 5.43 mg per 100 g in the corresponding organ 
of controls of equal weight. The reticulum  was found to have increased in the spleen of 94 out 
of 124 animals and around the follicles a homogeneous substance was observed in the spleen 
of 16 anim als; this substance proved to  be negative for am yloid and was w eakly polarizing.

T. Tiboldi, Sz. Virágh, M. Julesz, K. Kovács, M. Hódi

(F irst In s titu te  of Medicine, and In s titu te  of Pathology,
U niversity  Medical School, Szeged)

Oestrogen-Induced Adenohypophysial Tumour

Homologous adenohypophysial tissue was transp lan ted  to the an terio r chamber of 
white male rats. The anim als were then treated  w ith oestrogen for 6 m onths which induced 
neoplastic growth in the m ajo rity  of both original p itu ita ry  and the grafts, a phenomenon 
to prove th a t p itu itary  tum ours m ay develop even if the direct hypothalam ic connexions 
have been in terrupted . T um ours tissue excised from the tum our of the an terio r chamber and 
transferred to the eye of o ther anim als, continued to grow during oestrogen treatm ent. The 
tum our whether obtained from  the “ in situ” hypophysis or the graft was an adenom a consist­
ing m ostly of degranulated chrom ophobe cells. The pyroninophilia pointed  to  an increase of 
the RNA contents of the tum our cells. In  the tum our cells the electron microscope revealed 
granules of variable am ount and m atu rity  w ith sizes exceeding 300 m//. Only a few cells were 
devoid of secretory granules. The highly developed ergastoplasm  and the fact th a t the extensive 
Golgi’s apparatus containing even unripe secretory granules, points to a process of active 
protein synthesis in the cells.

G. Kendrey, Klára Németh

(F irst In s titu te  of Pathological A natom y and E xperim ental 
Cancer Research, U niversity Medical School, B udapest)

Cytological Changes in Thioacetamide Carcinogenesis

In recent years, much a tten tion  has been paid to research concerning the mode of 
action of carcinogenic agents. For th is purpose experim ents are suitable, in which the changes 
can be followed up dynam ically  from  the early phase till the developm ent of cancer.

On this basis experim ents have been performed w ith th ioacetam ide (TAA), a hepato- 
carcinogenic agent. Male ra tes m aintained on a constant diet were given 50 mg/kg of TAA 
intraperitoneally  daily during 6 m onths. The anim als were sacrified successively, and the 
observations were continued until cholangiocellular cancer had developed.

In the earliest phase of carcinogenesis the glycogen disappears from the pericentral 
liver cells, at the same tim e the granular basophilia of the cytoplasm  is replaced by diffuse 
basophilia. The liver cells, liver cell nuclei and especially the nucleoili, increase considerably 
in size in the centre of the lobule. As carcinogenesis progresses, these changes expand gradually 
and  during the 4th to 6 th  weeks of the periphery of the lobules. N uclear and cytoplasmic 
inclusions are seen in the chronic phase of treatm en t (4 to 6 m onths).

The cytological changes indicate th a t TAA interferes in the first place w ith hepatic 
nucleic acid and carbohydrate  metabolism  and there is reason to believe th a t th is effect plays 
a role in the carcinogenesis. In th is respect TAA occupies a peculiar position am ong the hepato- 
carcinogenic agents.
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G. Honti, Gy. Putnoky

(C oun ty  Polyclinic, K ecskem ét, and Postgradual M edical School, B udapest)

Im idazole R ing and Carcinogenesis

C ancerous tissues contain no o r h a rd ly  any histamine (F e l d b e r g , L o e s e r , R o se n t h a l ). 
H a t e m  h as dem onstrated th a t severa l carcinogenic substances form  complex com pounds with 
h is tam in e , and  th a t carcinogenesis s ta r ts  only after the elim ination of histam ine from  the 
tissues. A chlorhydria, refractory to  h is tam ine  and independent of the location of the tum our, 
has o ften  been observed in cases o f m alig n an t cachexia. Inoculation of a suspension of tum our 
cells fa iled  to take and neoplasm ic g row th  was inhibited if, together w ith the inoculation, 
h is tam in e  w as administered to th e  m ice. The time of survival was longer in the anim als so 
tre a te d . Inh ib ition  of neoplastic g row th  was observed also in mice tre a ted  w ith antihistam ines. 
The essen tia l difference between th e  effect of histamine and the exam ined antihistam ines is 
th a t  th e  life of the animals is prolonged by  the former and curtailed  by  the la tte r . The v iru ­
lence o f tum our-cell suspensions p re tre a te d  w ith histam ine increases, whereas isotonic chlor- 
p y ram in e  inh ib its the growth of tu m o u r cell in  v itro . Tolazoline was found to be a less potent 
in h ib ito r.

T he fac t tha t both h istam ine and  antihistam ines seemed to produce a sim ilar effect, 
drew  a tte n tio n  to the sim ilarity o f th e ir  chemical structure. I t  is known th a t , for instance, 
the an tazo lin e  molecule contains an im idazole ring which, in  several an tih istam ines is substi­
tu te d  b y  a dimethylamino group. T he am ine, as in histam ine, is linked to it by the ethylene 
group. Supposing tha t histam ine, th e  an tih istam ines and the carcinogens (assuming an indirect 
action  in  th is  connection) have th e  sam e point of a ttack , the problem  arises as to  the location 
of th is  p o in t . The experiments o f H u s z á r  and D o m o k o s  have shown an tih istam ines to be 
in co rp o ra ted  by cytochrome B.

Z. Yass, Z. Erdei, I. Tapasztó

(D epartm ent of O phtalm ology, University Medical School, Szeged)

Myoepithelial E lem ents in Visceral-Precancerosis

T he behaviour of the m yoepithelical cells in human biopsy m ateria l has been studied. 
P ro life ra tion  of myoepithelial e lem en ts occurs most frequently  in cystic m astopathy , in its 
form s consisting  mainly or exclusively of myoepithelial-proliferation. Cases have been found 
in  w hich  m yoepithelial-proliferation h ad  tu rned  malignant. In  the present cases myoepithelial 
m align iza tion  was associated w ith  m a lignan t degeneration of the m am m ary glandular epithe­
lium , th u s  a mixed tum our (m yoepitheliom a -f- cancer of the breast) had arisen. M yoepithe­
liom as o f th e  skin, as well as m alig n an t cystic m astopathy have also been studied.

Edit Beregi, R. Jankovics, Z. Brasch

(Department of P atho logy , Semmelweis H ospital, B udapest)

Connection betw een  the Histological Picture 
and Prognosis o f  M alignant Thyroid Tumours

In  the  period 1943 — 1963, 128 m alignant thyroid tum ours occurred am ong 14,122 
s trum ectom ies performed in the Sem m elw eis Hospital. The tum ours could be divided into 
eigh t g ro u p s according to their biological behaviour: I. Slight m alignancy: 1. m alignant ade­
nom a, 2. m alignant papilloma; II . M edium  malignancy: 3. follicular cancer, 4. solid cancer: 
II I . H igh  degree malignancy: 5. p lanocellu lar cancer, 6. anaplastic  cancer, 7. sarcom atous 
haem angioendothelioina and 8. sarcom a. From  circulars sent to  128 patien ts it  was established 
th a t  w here the  cause of death was a tum our, the histological finding was m ostly sarcoma or
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anap lastic  carcinoma. The longest survival occurred with m alignant adenom a, malignant 
papillom a and follicular cancer. From  the point of view of survival, the p a tie n ts ’ age was 
decisive, the prognosis of cases under the age of 40 proved to be more favourable th an  of 
older ones.

Erzsébet Zombai, G. Kelényi 

(Institu te  of Pathology, U niversity  Medical School. Pécs) 

Biological Properties o f the Moloney Leukaemia

The Moloney leukaemia, a virus induced lym phoid tum our pathogenic to  mice, rats 
and  ham sters, has been transferred w ith both cells and cell-free material m ethod ; the num ber 
of inoculated anim als was 524, and about a ha lf of this m aterial is at p resen t suitable for 
evaluation . The inoculated anim als, their haem opoietic tissues in particu lar, were exam ined 
under bo th  light and electron microscope. Albino ra ts  and mice of the In s titu te ’s closed colony 
were found suitable for the transfer of tum our w ith cellular m aterial as also w ith  cell-free 
u ltracen trifugate . Most of the anim als died of thym om a, and only a few showed signs of a 
generalized disease. Isolated thym om as were diagnosed radiologically. The v irus was dem on­
stra ted  in  the m ogakaryocytes of the bone m arrow  and the spleen, fu rther ex tracellu larly  in 
the tum orous infiltrations of thym us and spleen. Genesis and developm ent of the tum our have 
been discussed.

Gizella K arácsony, P. Lantos

(Institu te  of Pathology, U niversity  Medical School, Szeged)

Serum and Tissue Lipids in Rabbits with Brown-Pearce Carcinoma

Brow n-Pearce carcinoma was transp lan ted  into the testicles of rabb its  kept on a n o r­
mal diet. Serial blood samples showed a significant increase in the serum phospholipide level. 
A d irect connection between progress of the tum our and increase of the phospholipide level 
could be established. The phenomenon does no t occur in hyperacute cases and  in those where 
the tum our undergoes early necrosis. H istochem ical reactions revealed phospholipids in the 
periphery of the tum our tissue. Oilred-O stain ing showed fat droplets in peripheral living tum our 
tissue as well as in central necrotized parts.

O. Szűcs

(D epartm ent of Pathology, MAV H ospital and Polyclinic,
B udapest)

H istochem istry of the M ucopolysaccharides o f Mixed Parotid Tumours

Mixed parotid tum ours display m étachrom asie connective tissue m ucus and cartilagi­
nous tissue. Sulphated m ucopolysaccharides could be dem onstrated by the rhodizonate  and 
acriflavine sulphate reactions in cartilage, bu t the connective tissue mucus was negative, thus 
its  m etachrom asia was not due to the presence of sulphate groups. To elucidate the problem 
the m etachrom asia was studied after blocking the sulphate radical w ith barium  salt. The 
resu lts ob tained  by this modified technique have confirmed the evidence ob ta ined  by the rhodi­
zonate and acriflavine methods.
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A. Nagy, Sarolta Petrás

(D epartm ent o f Pathology, County Council H ospita l, Szolnok)

Carcinomatous M yocarditis

L iteratu re  contains num erous reports on cardiac m étastasés of tum ours, m ainly clinical 
observations of cases diagnosed i n  v iv o . The fact has usually  been disregarded th a t the m étas­
tasés elicit a response of th e  h e a rt muscle and thus clinical signs and ECG changes arise.

A review of the m a te ria l discussed in earlier com m unications has led to the conclusion 
th a t  m yocardial m étastasés are surrounded by lym phocytic in filtra tion  which represents the 
in flam m ato ry  reaction elicited by  the  neoplastic grow th. T his m ay  m anifest itself w ith clinical 
sym ptom s. When the clinician diagnoses a cardiac m etastasis i n  v iv o , it is on the evidence o f 
th e  clinical symptoms of m yocard itis  th a t its presence is in ferred  to.

S. Keresztury

(Section of Pathology, Semmelweis H osp ita l, Miskolc)

P lasm acytom a of the Uterine Portion

The uterus of a 60 y ear old p a tien t was rem oved on accoun t of a toum or thought to be 
a carcinom a in the first clinical stage. Histology revealed a plasm acytom a. Only one report 
has been found to deal w ith  ex tram edu llary  plasm acytom a of a sim ilar localization. The clinical 
m anifestations and m orphological changes are described in detail.

Z. Zámbó

(First In s titu te  o f Pathological A natom y and  Experim ental 
Cancer R esearch , University Medical Schoool, Budapest)

Extracranial M etastasis of Intracranial Tum our (M eningioma)

There are few reports on m etastasizing in tracran ia l tum ours. Glasauer  (1963) could 
collect in the literature only  35 au then tic  cases of th is k ind .

In  a female 59 years o f age necropsy revealed a m eningiom a in the left parietal region 
w hich had  given rise to  a histologically  verified m etastasis in  the left lung. A study of the 
reports on the problem of m etastasizing  meningeal tum ours revealed the following.

(1) In tracranial in te rv en tio n  was performed in 33 of the  35 reported cases.
(2) As regards h isto logical structure , mainly tum ours belonging to the category o f 

sarcom atous meningiomas (according to Cushing’s classification) produced m étastasés.
(3) The most frequent site o f m étastasés were the lungs; m étastasés in the cervical and 

m ed iastina l lymph glands, fu r th e r in the liver were less frequen t.

A. Haraszti, B. Ringelhann

(D epartm ent of Pathology, County Council H ospita l, Eger)

Serum Glutam ic-O xalacetic Transam inase (SGOT) 
in Rats with Liver Injury Induced by Carbon Tetracloride

The correlation betw een hepatic  morphology and the SGOT level has been studied in 
ra ts  poisoned with carbon te trach lo ride . SGOT began to  rise 3 hours after the injection, a t a 
tim e when the liver showed no sign yet of necrosis, and i t  w as still elevated after a week, at 
a tim e when necrosis was no longer observable. Parenchym al necrosis alone cannot be responsi-
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Ые for the rise in SGOT level. The increased passage of GOT into blood is presum ably  facili­
ta ted  by the increased perm eability due to the histotoxic hypoxia caused carbon tetrach loride, 
an assum ption corroborated by the appearance of vacuoles filled w ith droplets o f protein  in 
the liver cells and of hydropic cells.

Aranka László, К. Streitmaiin, I. Bartók, D. Bara 

(Institu te  of Pathology, U niversity Medical School, Szeged)

Effect o f Experim ental Liver Lesion on the Antidiuretic Centres

In liver disease the an tid iuretic  activ ity  of body fluids is increased and th is is one of 
the causes of w ater retention . The increase of the ADH titre  m ay be correlated w ith  a decrease 
of inactivation  in the liver, or w ith an increase in the activ ity  of the centres inh ib iting  diuresis. 
The la tte r problem has been subjected to investigation. The histology and the biological activ ity  
of the antidiuretic centres of albino ra ts  have been studied 1 — 4 and 12 days a fte r subtotal 
hepatectom y.

A t 24 hours following sham  operation (laparotom y, lifting of the liver) neurohypophys­
eal antid iuretic activ ity  was lower than  in the controls; a t the same time, a depletion  of neuro­
secretion could be dem onstrated  histochem ically. A fter sub to ta l hepatectom y no tem porary  
ADH mobilization occurred and histochem ically a storage of neurosecretion was dem onstrable 
in the neurohypophysis. As com pared w ith the controls, the antidiuretic ac tiv ity  of th e  an te­
rior hypothalam us decreased in the sham -operated anim als during the first 48 hours, w hereas in 
th a t period and a t 12 days following operation sub to ta l hepatectom y produced no appreciable 
changes (decrease or increase of concentration).

The results indicate th a t for the increased an tid iuretic  ac tiv ity  of the body  fluids in 
the early phase of liver disease no t a hyperactiv ity  of the horm one-producing centres, but 
o ther factors, first of all a decrease of hepatic inactivation  are responsible. The experim ents 
do no t rule out the possibility th a t  in chronic and progressive liver disease the  an tid iuretic  
centres may also become activated .

Anna Tószegi, I. Török, I. Bartók

(Institu te  of Pathology, U niversity Medical School, Szeged)

Changes in the Regeneration o f the Cirrhotic Liver 
in Response to Humoral Effects

Liver cirrhosis was induced in ra ts  w ith CC14, afterw ards sub to tal hepatec tom y was 
perform ed. Following the operation , one group of the anim als was trea ted  w ith  serum  from 
norm al, subtotally hepatectom ized ra ts , and a second group was treated  w ith  serum  from 
norm al, non-operated ra ts ; a th ird  group served as control. At 48 and 72 hours, as well as 10 
days following the operation identical num bers of anim als were sacrificed from  every  group 
and the regenerating livers were studied.

The serum of partia lly  hepatectom ized ra ts  was found to prom ote the regeneration  of 
the cirrhotic liver to a considerable degree. 1. The ex ten t of regeneration was ab o u t tw ice as 
great as in the controls, 2. the serum produced a prolonged stim ulating effect on mitosis; 
whereas th a t of the controls had no such effect, 3. it prevented the developm ent of regressive 
changes otherwise observable in regenerating cirrhotic liver; 4. the RNA con ten t of the cyto­
plasm increased for a long period and to a much greater ex ten t than  in the controls, 5. it consid­
erably influenced the changes in succinic dehydrogenase and cytochrome oxidase activities, 
m aking them  similar to those changes observed in the course of the regeneration of in tac t liver; 
the changes in alkaline phosphatase ac tiv ity  were no t influenced by the serum .

The serum from norm al, non-operated anim als neither stim ulated nor inh ib ited  the 
regeneration of the cirrhotic liver and did not exert any influence in the ac tiv ities o f the oxi­
dative enzymes.
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I. Török, I. Bartók, Sz. Virágh

(Institu te of P atho logy , University M edical School, Szeged and 
In s titu te  of Histology an d  Embryology, U niversity  Medical School, B udapest)

Changes in the Subcellular Structure during Regeneration
of the Liver

Livers of partially hepatectom ized  rats killed a t 24, 48, 72, 96 hours, 10 and 20 days, 
respectively , after operation w ere studied electronm icroscopically.

A t 24 hours following o p era tion  the principal changes are a disintegration of the subcel- 
lu lar s truc tu re , first of all of the  endoplasmic reticulum  and  the m itochondria, an accum u­
la tion  of free ribosomes and fa t and  a marked glycogen depletion. Subsequently, and most 
m arked ly  between 48 and 96 hours, the structure shows a rap id  differentiation: the m ito­
chondria  regain their usual shape, and meanwhile the accum ulated  microbodies tu rn  into 
m itochondria . In some cells the preex isten t endoplasmic reticu lum  is reorganized, in others 
a neogenesis of the endoplasm ic re ticu lum  occurs. The organized ergastoplasm  will be formed 
o u t o f th e  earlier developed sm ooth-surfaced endoplasm ic reticulum  in close topographical 
co rrelation  w ith the glycogen g radua lly  increasing again and  w ith the m itochondria. A rapid 
m obilization of fat is observable betw een 48 and 96 hours.

The changes of the b ilia ry  canalicules (marked d istension, intracellular in teraction  w ith 
a decrease in  number or swelling o f the microvilli), as well as the hypertrophy of the Golgi 
ap p a ra tu s  in the early phase of regeneration  may be ascribed to  an excessive functional over­
s tra in  caused by the excretion of bile and other substances in the considerably dim inished 
liver parenchym a. At 20 days s tru c tu ra l restitution is com plete.

I. Bartók, Sz. Virágh

(Institute of P a tho logy , University M edical School, Szeged and
In s titu te  of Histology and  Embryology, U niversity  Medical School, B udapest)

Submicroscopic E xam ination of the Regeneration o f the Cirrhotic Liver

The regeneration of th e  liver of albino rats rendered cirrhotic by trea tm en t w ith  CC14 
was stud ied  a t 24, 48, 72, 96, hours , 10 and 30 days following sub to ta l hepatectom y.

The subcellular changes differed significantly from  those  seen in the course of regener­
a tion  of the norm al liver. The s tru c tu ra l disintegration observable in the early phase of regener­
ation  is p ro tracted ; the d ila ta tion  of the endoplasmic re ticu lum  m ight reach extrem e severity  
and  an increasing swelling of the m itochondria can be observed. In  48 hours to 10 days necroses 
appear, pointing to the irrev ers ib ility  of some changes. D uring the first four days regressive 
phenom ena are in the foreground, th e  new formation of th e  endoplasm ic reticulum  becomes 
m arked  only after 96 hours. The glycogen content of the liver cells increases slowly, fa t m obili­
zation  is slow. Even by the 20th  d ay  regeneration is no t com plete: in some areas the structure  
is norm al, in others changes n o ted  in  the early phase of no rm al liver regeneration are visible, 
in  still o thers milder changes ind ica tive  of damage to  the m itochondria and endoplasmic re tic ­
u lum  are still present. The changes observed may be explained by  assuming th a t the dam aged 
liver ad ap ts  itself with d ifficu lty  to  the overstrain caused b y  the loss of a substan tia l p art 
of its  parenchym a, and some o f th e  surviving liver cells are n o t capable of reproducing the 
norm al structu re . This explains w hy i t  is only later th a t  the regenerative phenom ena are more 
m arked  and  as a result the process o f regeneration is more p ro trac ted  than  in the norm al liver.

L. Szentendrei, M. Perneczky

(D epartm en t of Paediatrics and  Pathology, C ounty Council H ospital, Kecskem et)

E xtensive, Bilateral B ronchiectasis and Secondary Chronic Cor Pulm onale  
due to Chronic Intrauterine A rsenic Poisoning

A boy aged 11 years was tre a te d  for bronchiectasis and  incom pensated valvular heart 
disease, w hich on autopsy proved  to  be a functional tr icu sp id  insufficiency, caused by an 
ex trem e hypertrophy and d ila ta tio n  of the right ventricle. The la tte r  condition could not



be influenced and the patien t died 4 weeks after admission. D uring pregnancy the m other 
and the rest of the family had been drinking w ater regularly contam inated  w ith a pest-destroying 
spray containing arsenic. The fam ily suffered a more or less severe in toxication , the father 
died of an arsenic cirrhosis seven years later. Ever since infancy, the pa tien t often suffered from 
pneum onia, his body was affected w ith arsenic melanosis, and hyperkeratosis was observed on 
his palm s and soles. At necropsy the considerable bronchiectasis and cutaneous changes are 
ascribed to the in trau te rine  arsenic poisoning.

Anna Horváth-Kovács

(Institu te  of Pathology, U niversity Medical School. Pécs)

Early M orphological Manifestations o f Experim ental Silicosis

The first reaction to experim ental silicosis has been studied in the ra t lung 2 and 96 
hours after dust inhalation . G ranules containing quartz were found to have been phagocyted 
by leukocytes in trabronchially , in the alveoli and in the peribronchial connective tissues. 
N um erous disintegrated leukocytes were seen around the dust granules. This phenomenon 
was no t observed after the inhalation  of amorphous silica-gel or medicinal charcoal, and is 
thought to be indicative of the toxicity  of quartz crystals.

Gy. Kup, F. Brenner

(D epartm ent of Pathology, County Council H ospital, Sopron)

Aorta Angusta

Aorta angusta as a technical term  and as an anatom ical en tity  has been known since 
1761 and was mentioned by M o r g a g n i . Its  essence was defined by V i r c h o w  who also described 
the clinical and pathological p a tte rn  of the condition.

Aorta angusta is undoubted ly  a rare cardiovascular anom aly; H e n k e  and Lubarscii 
described it as a pathological e n tity  and constitutional deform ity closely correlated with the 
so-called degenerative type.

K a u fm an n ’« o b se rv a tio n s  and  in v estiga tions o f m an y  decades were confirm ed  by  
S u to r , Sc h e e l , K a n i, J a f f é  a n d  St e r n b e r g , b u t a ll o f these  a u th o rs  hav e  fa iled  to  recognize 
th e  e n ti ty  under co n sid era tio n .

A s c h o f f  then form ulated  the final definition “ H ypoplastic changes of the aorta and 
o ther arteries have been described. Their significance is doubtful. This applies to  the aorta in 
the firs t place, a u d io  the ao rta  angusta established by Virchow. This en tity  cannot be substan ti­
a ted  anatom ically and is therefore no longer tenable” .

It is only natu ra l th a t, a fter such antecedents, the concept of aorta angusta was erased 
from all im portant textbooks.

Far from being non-existent, aorta angusta — though  a rare condition, — is a real 
and very much existing disorder, and has been repeatedly  observed even under conditions 
for which the present au thors have coined the term  “ ao rta  angusta fam iliáris” .

Of the six children of a fam ily, four have died of ao rta  angusta (cor bovinum  familiäre) 
during the last 9 years, and the diagnosis was verified p o s t  m o r te m  in two of these cases.

Congenital aortic anom alies are of three kinds:
(1) Aortic coarctation  (stenosis of the isthm us)
(2) Aortic hypoplasia
(3) Aorta angusta.
In cases of aorta angusta , the heart and the valves are norm al at b irth , the aorta in 

hypoplastic. The disease has two phases:
(1) L atent phase. The heart grows in size, and cor bovinum  develops gradually and 

im perceptibly.
(2) Second phase. The picture is dominated by a gross enlargem ent of the heart which 

leads to death usually between IS and 18 years of age.



76

T he aorta is both narrow er and  shorter than  norm al. I ts  lum en m ay shrink to  one th ird  
of its  no rm al width. The heart w eighed about 1000 g in bo th  cases exam ined post-m ortem .

T he above-described cases m ake i t  clear th a t aorta  angusta is an existing  condition 
n o tw ith s tan d in g  the fact th a t m an y  pathologists have not come across such a deform ity  during 
th e ir  w hole career. The now rep o rted  fam iliar occurrence of the condition seems to  be unique.

A orta  angusta is d ifferent from  aortic hypoplasia, and  the two anom alies can well be 
d istingu ished  as no cor bovinum  develops in cases of aortic hypoplasia.

Since the familiar occurrence of ao rta  angusta has been verified, the existence of the 
e n ti ty  should be recognized in b o th  clinical practice and pathology.

Gy. Sétáló

(Institute of A natom y , U niversity Medical School, Pécs)

On the M echanism  of Hypothalamic Adiposity

A fter inducing obesity in  m ale ra ts  by electrolytic destruction  of th e  anterom edian 
po rtion  o f the hypothalamus, th e ir  endocrine organs have been exam ined. N uclear hyper­
tro p h y  w as found in the zona fasc icu la ta  and in the cells of the Langerhans islets, while thyroid 
a c tiv ity  appeared to have dim inished. The starving level of blood sugar was the  same in the 
ex p e rim en ta l and the control an im als. Dextrose tolerance was reduced in  obese animals.

I t  follows th a t — beside hyperphagia , reduced spontaneous ac tiv ity  and  diminished 
th y ro id  function  — changes in  th e  function  of the Langerhans islets m ight p lay a decisive role 
in th e  m echanism  of hypo thalam ic  adiposity.

G. Krausz

(Institute of P atho logy , U niversity Medical School, Debrecen)

Lethal Gastric H aem orrhage from a Subm ucosal Artery 
o f  Abnormal Calibre

H aem atem esis and m elaena occured in a 47-year, old female patien t, a lthough  she had 
no t m en tio n ed  episodes of u lceration  or hyperacid ity  in the hystory . — Post-m ortem  exam i­
na tion  revealed  a superficial acu te  u lcer covered w ith th rom bus on the posterior wall of the 
stom ach . A large, (2.2 X 0.8 m m ) arroded  artery  was found in the centre of the ulcer. The 
vessel, show ed the phenomenon o f calibre persistence which occurs when the a rte ria l branch 
supp ly ing  th e  submucous plexus passes in to  the submucosa w ithout any  essential reduction  of 
its  ca lib re . B oth  this anomaly and  th e  p artia l defect of the gastric m usculature beneath  the 
ab n o rm al vessel should be regarded  as developm ental anomalies. A berrant vessels create a 
local d isposition  for peptic u lceration . The presence of calibre-persistent vessels in  the gastric 
wall is o f a pathological significance since even its superficial ulceration m ay be accom panied 
by fa ta l  haemorrhage.

J . Laczkó, G. Ley

(Section of P atho logy , Semmelweis H ospital, Miskolc)

Duodenal U lcer in Infants and Children

D uodenal ulcer has been revea led  a t necropsy in 4 in fan ts and young children. In  3 
cases th e  cause of death was haem orrhage from  the ulcer. The pertinen t clinical d a ta , the gross 
and  m icoscopic postmortem find ings are described, and the special features of the lesion as 
observed  in  infants and children are discussed. I t  is emphasized th a t the possibility of duodenal 
ulcer in  in fa n ts  and children has to  be taken  into consideration. A ttention  is draw n to the 
increasing  num ber of such cases.
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L. Megyeri, Gy. Szeleczky

(F irst In s titu te  of Surgery, U niversity  Medical School, Debrecen)

Histom orphology of Oddi’s Sphincter in Biopsy and Necropsy Specim ens

Since the in troduction  in recent years of new techniques, the morphology o f the region 
of Oddi’s sphincter is gaining significance in surgery. Still there are hardly any  recen t studies 
on this subjects.

At operations on the biliary ducts biopsy specim ens were taken from the pathologically 
altered sphincter area in 32 cases. As a control a sim ilar num ber of Oddi’s sph incter area speci­
mens were taken a t necropsy of cases who had no t suffered from diseases of th e  b iliary  ducts, 
liver or pancreas. — The results, and the significance of the area in question in m odern  surgery 
has been discussed.

B. Rohonyi, Mária A. Mázló

(In stitu te  of Pathology, U niversity  Medical School, Pécs)

Preparation of Sem i-Thin H istological Sections

I t seemed necessary to study the technique of histological sections’ p rep a ra tio n , in the 
thickness of 0.5 to  2.0 // th a t, would constitu te  a transition  between sections required  for 
electron microscopy and, those suitable for ligh t microscopy.

Sections of the mentioned thickness (“ sem i-thin sections” ) are som etimes particularly  
suitable for affording some insight into the finer histopathological changes.

A lthough there exist several methods for the preparation of sections rang ing  in th ick­
ness from 0.5 to 2.0 //, the widespread use of electron microscopic methods favours the use 
of preparations fixed in osmium tetroxide, em bedded in synthetic resin and sectioned by u ltra ­
microtome.

The technique of preparing sem i-thin histological sections for the purposes of light 
microscopy is discussed. Such sections have been prepared from various specim ens of renal 
disorders, tum ours and from other m aterials too.

F O R E N S I C  M E D I C I N E  R E L A T O R

S. Ökrös

(In stitu te  of Forensic Medicine, U niversity  Medical School, B udapest)

Thrombosis of the Syphons o f the Internal Carotid 
and the Vertebral Arteries

The brain  has the richest blood supply of all organs. Two central and tw o la teral 
a rteria l connexions, comm unicating by way of the aortic arch, are situated  betw een  the two 
subclavian-vertebral and carotid branches; they  supply, connected w ith W illis’ circle, the 
b rain  w ith blood even if a branch of the verteb ra l or carotid artery is com pletely  occluded. 
O bstruction  of these vessels may sometimes occur in the hidden segments th e  so-called sy­
phons. A new m ethod for the post-m ortem  isolation and convenient exam ination  of the low ­
er and upper syphons of the carotid and v erteb ra l arteries has been w orked o u t. Eleven 
cases of the carotid  syphons and 2 cases of those of the vertebral artery  are dem onstrated .
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I. Gy. Fazekas, Erzsébet Virágos-Kiss

(Institu te  of Forensic Medicine, U niversity M edical School, Szeged)

The Free and Total H istam ine Content o f  the Constriction Mark

B a rsu m  and Ga d d u m , fu rther Co de  determ ined b y  a modified method, which they  
e lab o ra ted  for blood, the free and to ta l histam ine con ten t o f the constriction m ark of the skin 
of th e  neck  by hanged persons and  by post-m ortem  hanging  of human corpses a t  d ifferent 
in te rv a ls  after death . The to ta l histam ine content of th e  constriction mark and of the in tac t 
skin o f th e  neck of the same corpse was identical by bo th  groupes. The free histam ine con ten t 
o f  th e  v i t a l  c o n s tr ic t io n  m a r k  was in mean value the 90%  of the to ta l histam ine con ten t, 
and th e  free histam ine content of th e  in tac t skin of the neck  in  the same corpse was only 24% . 
T h e  p o s t - m o r te m  c o n s tr ic t io n  m a r k  and the free histam ine co n ten t of the skin of the neck of the 
sam e corpse does no t differed from  one another and it was in  m ean value 34%. The free h is ta ­
mine surp lus between the v ita l restric tion  mark and the in ta c t  skin of the neck m ay be tak en  
in to  consideration  as a new v ita l reaction , and by the help o f w hich one can make a d istinction  
betw een the v ita l and postm orta l hanging.

Erzsébet Virágos-Kiss

(In stitu te  of Forensic Medicine, U niversity M edical School, Debrecen)

Unusual M echanism s of Suffocation in Children

Two 18-month-old children died from suffocation during  their stay  in hospital. One 
child, left una ttended  for a short tim e, had its neck stuck  betw een the protecting bars of the 
bed. T he o ther child, likewise left unattended  for a short tim e , crawled out of the bed, and the 
vestlike linen bridle, serving for safe attachm ent, slipped u p  and compressed the neck. The 
im portance  of u tm ost care in the supervision of young children  is emphasized.

B. Rex-Kiss

(In stitu te  of Forensic Medicine, U niversity M edical School, Budapest)

Correct Transfusion-Serological Nomenclature in  Medico-Legal Practice

The ta sk  of forensic pathologists in connection w ith  fa ta lly  blood transfusions requires 
the co rrec t use of serological term s. A survey of post m ortem  records, expert opinions and  
p e rtin en t reports shows th a t num erous m isin terpretations of serological and im munological 
term s occur in connection w ith transfusions. To ensure a correct interpretation of the m ost 
frequen t term s, the different blood-group systems, th e ir in terre lations, some of the re la ted  
genetic concepts, as also their role in  transfusions are discussed, w ith special a tten tion  to  the 
usual expressions and designations (subgroups, factors, etc.). Also, a few fundam ental concepts 
of im m unology (im m unization, sensitization, etc.), fu rther th e  term s group-identity, incom pati­
b ility , im perilled and no t im perilled recipient, dangerous, an d  universal donor, the differences 
betw een in-v itro  and in-vivo reactions, and finally the precise meaning of the term s cross­
m atch ing , homospecific and heterospecific pregnancy, e tc . are analysed.

The medico-legal im portance of a fam iliarity w ith  im munological concepts connected 
w ith blood transfusions is em phasized.

I. Gábor, A. Potondi

(In stitu te  of Forensic Medicine, U niversity M edical School, Budapest)

Topography and Morphology of B asicranial Aneurysms

M orphological features (size, shape, etc.) of basicranial aneurysm s are described on the 
evidence of m any hundred observed cases and those rep o rted  in international literature . I t  is 
especially th e  site of the exam ined aneurysms which shows peculiar features; their analysis 
is of clinico-pathological im portance and facilitates the diagnosis.
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Gy. Rózsa, E. Somogyi, P. Sóionyi, J. Irányi, B. Orovecz, Klára Irányi

(Institu te  of Forensic Medicine, U niversity  Medical School, In s titu te  of 
Rheumatology and Balneology; H ospital of the F irst Aid Service and 

D epartm ent of Psychiatry , U niversity  Medical School, B udapest)

H istochem ical and Fluorescence-Optical Investigation  
o f Dermal Lesions Caused by Eelectric Current

Patches in the skin of persons killed by electric current have been investigated  histo- 
chem ically 2 to 12 hours after death . B urstone’s dinitrofluorobenzene and the /f-naphtol 
m ethods were employed for the dem onstrations of the reactive protein groups, eriochrom e 
black for th a t of basic proteins, Pearse’s m ethod for th a t of disulphide and su lphhydry l 
groups, and the Y asam a-Ichikava n inhydrin  reaction for the dem onstration of a-am ino  acids. 
Acid mucopolysaccharides were identified by m eans of azure A, toluidine blue, thionine, 
fu rth er w ith Hale and E skelund’s m ethod and the periodic acid diamine reaction  recently  
e laborated  by Münch and E rn st. Nucleic acids were determ ined w ith N arson’s gallocyanin 
chrom e alum , T aft’s m ethylgreen pyronine and D anielli’s naphtolic acid hydrazine. For fluo­
rescence analysis the sections were stained w ith adequately  diluted solutions of acridine orange, 
choriphosphine, flavophosphine, thioflavine S, geranine and vitolin-yellow. A range of veronal- 
ace ta te  buffers extending from pH 2.52 to pH 9.18 served as controlled milieu.

I t  was found th a t pigm entation had decreased in or disappeared from the exam ined 
sp o ts , and th a t these areas gave a stronger reaction w ith alkaline dyes. Fluorescence micro­
scopy revealed the same dam age as was dem onstrable by means of the routine sta in ing  proce­
dures. Swelling of the collagenous fibres w ith consequent decrease of staining, hom ogenization 
of the gravely damaged skin displaying homogenous diffuse staining, and the discrepancy 
betw een slightly lesioned and uninjured  areas are regarded as significant. Lesions caused by 
electric currents are divided in three categories according to the degree of dam age.

E. Somogyi, Gy. Rózsa, P. Sótonyi, J. Irányi, В. Orovecz, Klára Irányi

(In stitu te  of Forensic Medicine, U niversity Medical School,
In s titu te  of Rheum atology and Balneology; H ospital of the 

F irs t Aid Service and D epartm ent of Psychiatry , U niversity Medical School, B udapest)

Polarization Microscopy of Derm al Lesions Caused 
by Electric Current

Patches in the skin of persons killed by electric current have been stud ied  under the 
polarization microscope 2 to 12 hours after death . The frozen sections were sta ined or treated  
w ith the Canada, aniline, phenol, anisotropic ethacridine, Rom hányi’s m ethylene blue and 
toluidine blue anisotropic precipitation procedures. A m ylacetate was substitu ted  for terp inol 
in the aniline reaction, and 1 : 2 and 1 : 4 aqueous solutions of the 0.1 M ethacrid ine stock 
solution were used. P recip itation  in the case of m ethylene blue was performed w ith 2 per cent 
potassium  bichrom ate and in the case of toluidine blue w ith 2 per cent potassium  ferricyanide. 
S taining was performed w ith 1 per cent solutions in Michaelis buffers ranging from  pH 2.9 
to pH  8.9.

The connective-tissue fibres were digested a t 37° C by means of 0.25 to  5.0 m g/m l of 
elastase dissolved in 0.1 M borate-phosphate buffer of pH 4.5, 6.5 and 7.5.

Aniline, which extinguishes the birefringence of the collagenous fibres of in tac t skin, 
revealed anisotropy of the fibres in the affected spots. 50 per cent phenol-Canada reinforced 
the double refraction of collagenous fibres in the in ta c t skin hut failed to do so a t the affected 
spots, while ethacridine increased the anisotropy of fibres in the damaged area and  failed to 
do so in the uninjured skin.

Elastase, applied in a concentration of 4 mg/ml, alm ost completely digested th e  dam aged 
fibres in 3 hours a t 37° C. No digestion of the dam aged fibres by elastase was ob ta ined  if the 
acid radicals had been bound by 24-hour m éthylation  w ith 0.1 N hydrochloric acid dissolved 
in m ethanol a t 60° C.



80

Exposed to m onochrom atic red light, in tac t collagenous fibres showed positive dichroism 
and  positive birefringence, while electrified fibres revealed a negative dichroism and negative 
birefringence.

L. Buris

(Institu te  of Forensic Medicine, U niversity  M edical School, Debrecen)

H istochem ical Analysis o f  Injuries

The area of the cervical groove caused by the rope on hanged persons has been exam ined 
in cases of in trav ita l and posm orta l in ju rie s .lt was observed previously th a t after an in trav ita l 
in ju ry  the epithelium , the loose subepithelial connective tissue and the muscles showed increas­
ed pyroninophilia. This w as in te rp re ted  as indicative of ribonucleic acid accum ulation in  the 
traum atized  area, an assum ption  confirmed by fluorescence microscopy. The present investi­
gations by  means of ribonucléase digestion, and exam ination  of the u ltraviolet absorption and 
the isoelectric point of th e  in ju red  area have also co rroborated  the assum ption th a t  RNA 
accum ulates in the in jured  area and  have revealed an accum ulation  of basic proteins.

V. Földes

(C entral Police L aboratory , B udapest)

Signs o f  Fresh Vital Injury in  Striated Muscles

Signs of fresh v ita l in ju ries are highly significant in criminology. The detection of such 
signs is of special im portance if  the  tim e between th e  v ita l in ju ry  and the mom ent of death  
am ounts to a few m inutes only. Pathological changes in  s tr ia ted  muscle tissue caused by  fresh 
v ita l in juries are dem onstrated  as observed by the au th o r in both  anim al experim ents and 
hum an  practice.

E . Maárová, S. Koudela, J. Lukáci

(Institu te  o f Forensic Medicine, P. J . Safarik  U niversity  Medical 
School, Kosice, Czechoslovakia)

Some B iochem ical and Morphological Changes in Heart Muscle
in Lethal Injuries

M yocardial sodium and  potassium  contents have been analysed in cases where death  
had ensued a t the very spot o f th e  accident w ithin a few m inutes. The potassium  conten t was 
found to  have considerably decreased and sodium co n ten t to have increased. The difference 
was m ore pronounced in th e  rig h t heart. S im ultaneously w ith  the biochemical analyses, the 
m yocardium  was subjected to  morphological exam ination , to  ascertain  the correlation betw een 
the fragm entation  of heart-m uscle fibres (a phenomenon observed in every case) and the K-Na 
balance, fu rther the connection betw een the said fragm en ta tion  and the observed disturbance 
of m yocardial water balance.

B. Rengei

(Institu te  of Forensic Medicine, Medical U n iversity  School, Szeged)

Identification o f Blood by Means of Thin-Layer Chromatography

Fresh spots suspicious of blood were trea ted  w ith  physiological saline, old ones w ith 
1 to  5 n  K O H  and then neu tralized  w ith HC1. If necessary, th e  solution was concentrated w ith 
the paper-chroinatographic procedure of K irk and Schaidt.
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Silica gel-C was used according to Stahl’s method for the preparation  of plates. These 
m easured 20 cm by 10 cm and were dried in air for one hour, then a t 105° C for 30 minutes. 
Various dilutions of blood sam ples were then run parallel to  the tes t substance in a solvent 
composed of 99 parts of m ethanol and 1 part of glacial acetic acid. A fter running for 1 — 2 
hours, during which the solvent m igrated 15 to 18 cm, the plate was rem oved from the tank  
and kep t for 5 m inutes a t 100° C in order to inactivate the eventually  present peroxidase of 
vegetable origin. The plates were then  treated  with a freshly prepared 1 per cent alcoholic solution 
of benzidine and, after a few m inutes, w ith a 3 per cent solution of hydrogen hyperoxide. 
Positive result was indicated by a blue colour betweeu R p  0.55 and 0.65.

The method under consideration is quick and highly sensitive. Even 0.005 ml of a 
1 : 10 000 dilution of blood gives a clearly positive reaction. Dilution should not be less than  
8 to 10 000-fold since higher concentrations yield diffuse spots. Besides, the method renders 
specific the otherwise non-specific benzidine reaction, elim inates the d isturbing action of 
vegetable peroxidase, and identification is made reliable by  the parallel running of control 
blood.

Gy. Szuchovszky

(Institu te  of Forensic Medicine, U niversity Medical School, B udapest)

Legal Aspects o f Death (luring Surgery

Cases falling under the concept of unexpected dea th  are not precisely defined by the 
existing legal code. P ractice in this respect relies on comm on law and decisions as to w hat 
should be regarded as death  due to unknown causes depend more or less on individual judge­
m ent. Since similar cases are qualified differently by the different official organs, practice in 
th is respect is not uniform.

Exam ining the problem on the evidence of H ungarian  and foreign s ta tu to ry  provisions 
as also on th a t of the existing (and statistically  analysed) practice, cases of death  during surgery 
have been investigated, as m o r s  i n  ta b u la  and tries to determ ine w hether they satisfy the 
criteria of unexpected death . I t  is claimed that death  during surgery has to be regarded as 
a special case of death  which requires the institution of particu lar official proceedings as also 
au topsy  to be performed by an  authorized medical officer. It is im perative th a t future legal 
regulations, circumscribing the category of special cases of death , should include a precise 
definition of death  during surgery. Only adequate legal regulation will lead to uniform practice 
and  settle the problem of m edical responsibility in a satisfactory  m anner.

L. Takácsy

(Institu te  of Forensic Medicine, U niversity M edical School, B udapest)

Medico-M eteorological Aspects o f  Sudden 
and Unexpected Cardiac Death during Surgery

Recent investigations have thrown fresh light upon the meteorological factors involved 
in the occurrence of sudden cardiac death  during surgery.

It has been found in 12 cases th a t meteorological phenom ena occurring before or on 
the day of operation m ay so affect the heart and the circulation as to make the patien t suscep­
tible to sudden death during the surgical intervention. In nine cases there was a frontal passage 
or even several frontal passages on the fatal day, whereas air masses known to be of biological 
influence were present on the days w ithout frontal passage.

It is suggested th a t surgeons should test the m eteorological sensitiv ity  of the patients 
and set the day of the in terven tion  accordingly. If, in a given case, the intervention is vitally 
u rgent, the pa tien t’s m eteorological sensitivity should prelim inarily  reduced by adequate 
sedatives.

6  Acta Morphologica Suppl. X III .
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L. Nagy, M. Szabó

(Institu te  of Forensic M edicine, U niversity  Medical School, Debrecen)

Sudden D eath during Trichloroethylene A naesthesia

Cases of sudden dea th  u n d e r trichloroethylene anaesthesia during gynaecological 
in te rv en tio n s  are described.

Post-m ortem  exam ination revealed  in all cases accum ulation of adipose tissue in  the 
rig h t ven tric le  of the heart, an underdevelopped circulatory system , persisten t thym us and 
sm all ad renals. After discussing th e  chemical properties of a tricholorethylene a theory  is 
a d v an ced  for the explanation of th e  observed fa ta l episodes. The indications and counterindi­
ca tio n s o f trichloroethylene anaesthesia  should precisely be determ ined.

D. Horváth

(Pharm acy  o f U niversity  Medical School, Pécs)

Significance of the H istory for the Correct Induction o f A naesthesia

T he spread of numerous u p -to -d a te  methods of anaesthesia has raised the necessity to 
su b jec t th e  sources of error inheren t in , and the complications following, th e  existing anaesthesio- 
logical m ethods to a medico-legal analysis. The increasing num ber of drugs employed for 
a n ae s th e tic  purposes lends a grow ing im portance to  the eventual com plications.

T here are many different d rugs to  be adm inistered to induce and m ain ta in  anaesthesia 
as w ell as in preoperative and postopera tive  trea tm en t. The m ost suitable technique and drug 
have to  be selected by the an aes th e tis t: when making his choice he should no t m erely consider 
the desired  immediate effect b u t regard  the patien t as a complex physiological u n it as well. 
The v e ry  firs t task is carefully to  record  a reliable and detailed h isto ry ; th is is so im portant 
th a t  one is tem pted to suggest th a t  a special anaesthesiological h isto ry  should be taken.

T he medical expert cannot o b ta in  a clear picture of the hazards of anaesthesia unless he 
tak es  ex trem e possibilities in to  accoun t. This is only feasible if the drugs in use have been 
care fu lly  examined and analysed.

T he connexion between th e  d a ta  in the history and the substances selected for anaes­
th e t ic  purposes is stressed. A know ledge of such connexions will make it  possible to  p reven t and 
recognize anaesthetical com plications.

L. Harsányi, V. Földes

(Institu te  of Forensic M edicine, Medical U niversity School, B udapest)

M edico-L egal Aspects of U nexpected Death Following Surgical Intervention

U nexpected death in the postoperative period m ay be independent of the preceding 
in te rv e n tio n  being due to some disease or other factor in the p a tien t’s organism. A nother part 
of th e  fa ta lities belongs to the ca tego ry  of surgical complications and represents operative 
haza rd s . S till another part m ay be due to  a violation of professional rules. A few typ ica l cases 
are  p resen ted  to show the d ifferen t forms of postoperative fatalities and the ir medico-legal 
aspects.

E. Somogyi, J. Irányi, Gy. Berentey, L. Tolnay

(Institu te of Forensic M edicine, U niversity Medical School, B udapest)

Surgical Treatm ent o f Craniocerebral Injuries, Analysed  
on the E vidence of Autopsy Material

A to ta l of 197 cases of cran iocerebral in jury  have been studied, of which 14 had been 
le th a l. Polytraum atized persons w ho had sustained some m echanical in jury  suffered, among 
o th e r  lesions, also from non-penetra ting  cranial injury. The study  involved the determ ination
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of the na tu re  of in jury , the surgical and neurological aspects of the fatal cases, and  the post­
m ortem  findings. There were discrepancies between the clinical and the necropsy find ings, the 
reason of such discrepancies was examined. The question w hether and how far surgical proce­
dures had been helpful in establishing the correct diagnosis, has been studied and  an a ttem p t 
was made to point out those surgical interventions w hich m ay lead to a fu rther im provem ent 
in diagnostics and surgery.

Comparison of the clinical diagnoses and the post-m ortem  findings has led to  the conclu­
sion th a t the identification of traum atic  lesions is d ifficu lt because of the ind istinc tness of the 
focal sym ptom s in the nervous system. U nilateral m ydriasis is not always a reliable clue. 
Sym ptom s of already existing diseases such as previous cerebral haem orrhage, pneum onia, 
e tc., hide or d isto rt the picture of the actual in ju ry  and  make correct diagnoses d ifficult.

The clinical and the pathological findings agreed in 13 cases; p o s t m o r te m  exam ination  
proved moreover the correctness of the therapeu tical plain in these cases. T racheotom y, angio­
graphy and tim ely diagnostic probing contributed to the achievement of these resu lts . The 
m aking of 3 diagnostic drill holes on both sides is suggested if the traum atic condition  is rapidly 
progressing. I t is thus possible to stop epidural and subdu ra l haemorrhage in com atose patien ts 
who display uncertain neurological sym ptom s and a general rise of cerebral tension. In  judging 
such cases from a medico-legal angle, possible d iagnostic errors should be viewed in  the light 
of the existing difficulties.

The prognosis of craniocerebral injuries has considerably improved owing to  the devel­
opm ent of neurologic diagnostic, neurosurgical and  anaesthesiological procedures, the im ­
provem ent in the trea tm en t of states of shock and the prevention of secondary com plications. 
A fu rther progress m ay result from a co-operation of the traum atologist, neurologist and the 
medico-legal expert.

Leontin Jegesi, L. To! nay

(In stitu te  of Forensic Medicine, U n iversity  Medical School, B udapest)

Spinal Injuries Sustained in Traffic Accidents

Spinal injuries due to traffic accidents have been exam ined in order to s tu d y  th e  m echa­
nism of the damage and to ascertain the connection between the nature of th e  in juries and 
the phases of the accident. Muscle injuries were likewise taken into account.

C haracteristic overextensive spinal injuries sustained in collisions are no t essentially 
different from those occurring when a person has a fall and dashes against th e  pavem ent. 
The muscle injuries are, however, more serious in the la tte r  case. Injuries of the thoracic  ver­
tebrae or those at the boundary of the thoracic and lum bar vertebrae arise alm ost exclusively 
a t the im pact of the body on the road.

C haracteristic fractures of the spinous processes occur in the phase of being run over 
by a vehicle, especially if the chest is crushed. This fac ilita tes diagnosis in the case of young 
persons w ith elastic tho rax  even if no rib is broken.

The degree of muscle injuries depends on m uscular strength and, in p a rticu la r, on the 
age of the patien t which should always be taken  in to  consideration.

L. Szodoray, J . Nagy

(In stitu te  of Dermatology and In s titu te  of Forensic Medicine,
U niversity Medical School. Debrecen)

Thrombotic Throm bocytopenic Purpura

A case of throm botic throm bocytopenic p u rp u ra , Moschcowitz’s syndrom e, a disease 
rare in Europe, is described.

Biopsy has made it possible to establish the correct diagnosis in  v iv o . The medico-legal 
aspects of the case are discussed.

6*
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J. Lukáői

(In stitu te  of Forensic Medicine P. J. Safarik U n iversity  Medical School,
Kosice, Czechoslovakia)

D em onstration o f Group Substances in  B iological Material

Serological analysis of biological m aterial is freq u en tly  needed in medico-legal p ractice. 
P rom ising results have been reached in their field by the app lication  of ultrasound for m an ipu ­
lations o f the biological m ateria l and especially for the  dem onstration  of group properties.

The present study  had the purpose to determ ine group  substances in stains of sem inal 
flu id  found  on the fem ale underw ear on cases of rape  or rape and murder. Iden tifica tion  
of group  properties in hum an cerebral tissue is of im portance  in cases of traffic accidents, 
since fragm ents of crushed brain  tissue are often found on p a rts  of vehicle responsible for the 
fa ta l in ju ry .

Gy. Farkas

(Institu te  of Forensic Medicine, U niversity  M edical School, Pécs)

Comparative Blood-A lcohol Tests

I t  is well-known th a t  W idm ark’s officially adopted  m icroidom etric method is no t specific 
for e thano l, its  results being modified by a num ber of non-alcoholic reducing agents th e  level 
of w hich m ay  reach 0.1 per cent in  the blood of corpses. I t  bas been attem pted to  m ake the 
alcohol te s t more specific by  in troducing the ferm en ta tive  antidiuretic — horm one (A D H ) 
procedure. Results of the two te s ts  performed in paralle l in blood samples from  122 corpses 
and in  218 subjects were com pared. The ADH m ethod y ielded values 0.03 to 0.05 per cent 
and 0.01 to  0.02 lower for cadavers and living persons, respectively  in two cases of alcoholic 
in tox ica tion  W idm ark’s te s t yielded values of 0.366 and  0.254 per cent, respectively, while 
the A D H  tests were negative. All th is in agreement w ith  lite ra ry  data , w arrants the conclusion 
th a t W idm arks’s tes t, if applied alone, offers false re su lts , especially for cadaveric blood. 
The A D H  te s t is not the only m eans of im provem ent; gas chrom atography ought to be u tilized , 
since th e  la tte r  m ethod shows no t only the difference betw een the respective levels of the 
reducing agents of alcoholic and non-alcoholic origin b u t also indicates the nature of th e  reduc­
ing substance responsible for the difference. The A D H -test is em inently suitable for the control 
of resu lts  obtained by  m eans of gas chrom atography.

S. Koudela, J. Lukáci

(In stitu te  o f Forensic Medicine, P. J . Safarik  University Medical 
School, Kosice, Czechoslovakia)

Gas Chromatographic Analysis o f Chlorinated Hydrocarbons

A fter a brief review  of the fundam ental principles o f gas chrom atography, its  m edico­
legal u tilization  for the dem onstra tion  of chlorinated hydrocarbons is discussed. Gas chrom a­
tog rap h y  m akes it possible to  separate  and distinguish th e  various dérivâtes in cases of poison­
ing, an im portan t achievem ent in consideration of the d iffe ren t toxicity of the chlorinated  
hydrocarbons.

D. Horváth, A. Nádor, I. Barth

(P harm acy  of Medical U n iversity , Pécs)

Certain Organizational and Practical Problem s Regarding 
Toxicological Inform ation

C ontact w ith — m ainly  organic — poisonous chem ical substances is now an everyday  
occurrence. The num ber of the various toxic substances used in all walks of life has so increased
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th a t their knowledge cannot he expected either from the clinician and the general practitioner 
or the organs of security.

F irst aid in cases of poisoning is usually ham pered by the toxic agent, being unknow n. 
A lthough the sym ptom s usually adm it of certain  inferences regarding the pharm acological 
na tu re  of the poison, they are as a rule too vague for a precise guidance of the m edical aid.

Led by such considerations, toxicological centre has been organized a t the U niversity  
Medical School of Pécs, under the name “ Service of Toxicological In form ation” .

The agents most commonly causing poisoning are drugs, household substances, and plant 
protectives. The service has therefore been organized to provide inform ation regard ing  these 
substances in the first line.

A few cases are reported to illustrate  the above-discussed points.

Klára Zsigmond, J. Nagy

(Institu te  o f  Forensic Medicine, Medical U niversity School, Debrecen)

Determination o f the A lcohol Contents in the Expired Air.
Use o f the 66A lcohol-Sound”

The so-called alcohol sound has been used in 50 000 cases, and an account is given of the 
experiences. Experim ents have been made a t different blood alcohol concentrations and it 
has been shown th a t it is possible reliably to  distinguish different degrees of alcoholic in tox i­
cation. The result of the alcohol-sound test offers a sufficient basis for the in s titu tion  of crim inal 
or o ther proceedings in the given case.

Gy. Czirbusz, L. Рока

(F irst In stitu te  of Surgery, Medical U niversity School, Pécs)

Chronic Intravenous Alcohol and Sugar Therapy

The effect of large doses of alcohol and sugar infusion has been studied. In agreem ent 
w ith lite ra ry  data , the oxidation of alcohol in the organism was found to be enhanced by the 
addition  of sugar. Up to date 1200 litres of a solution containing 5 per cent alcohol and 15 per 
cent sugar have been adm inistrated . The beneficial results and harmlessness of such trea tm en t 
are emphasized on the evidence of toxicological analyses.

Gy. Dallos

(H ungarian Army Medical Corps, Budapest)

M icrochemical Identification o f Trace Elem ents Around Shot W ounds

In cases of short-distance shots, antim ony, barium  and lead are p recip ita ted  around  the 
bullet’s entrance. Identification of these trace elem ents may help in determ ining the direction 
and distance of the shot. A microscopic m ethod of assay is described which is sim pler and has 
a w ider scope than  the current analy tical procedures.

P. G ut h. J. Székely, A. Major

(In stitu te  of Forensic Medicine and O bstetrical Clinic, U niversity  Medical
School, Pécs)

Im m tinological Diagnosis o f  Pregnancy: Its Significance in Legal Medicine

Recently in terrupted  pregnancy can reliable be determ ined on the basis o f certain 
signs. The Ascheim-Zondek and Galli-Mainini tests are often used for ascertain ing th e  ex is t­
ence or non-existence of pregnancy. However, these tests are not routinely  em ployed in 
medico-legal practice.
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A new preparation, Pregnosticon, has been tested  in order to study  whether the im m uno­
logical te s t is more sensitive th a n  the biological te s ts , and  how long the sensitivity  persists 
a fte r th e  term ination of p regnancy . Twenty women who had had a norm al pregnancy and a 
fu ll-te rm  delivery, fu rther 10 women whose pregnancy had  been in terrup ted , were chosen 
for th e  te s t;  the im m unological and the Galli-Mainini te s t were performed sim ultaneously. 
U rines excerted in the m orn ing  were sampled.

The sensitivity of th e  Pregnosticon test was found to  exceed th a t of the Galli-Mainini 
te s t: 500 I.U . per litre of u rine were necessary in the f irs t and 1000 I.U . in the second case for 
ob ta in ing  a positive resu lt. A fter norm al delivery, the Galli-M ainini tes t rem ained positive 
for 1 to  4, the Pregnosticon te s t for 3 to 7 days; the corresponding values after in terrup ted  
p regnancy  were 4 to 9 and  6 to  12 days. The urines of 15 non-pregnant women served 
as controls. Pregnosticon d id  n o t cause agglutination inh ib ition  in any of the controls.

The present results as also lite ra ry  data make it  clear th a t  the immunological pregnancy 
te s ts  are  more sensitive th a n  biological testes, w hether urine or serum  is used for the determ i­
n a tio n  of gonadotrophin. B eing highly sensitive, more lasting , specific and simple, im m unolog­
ical pregnancy tests are preferab le  for the determ ination of pregnancy, artificial abortion and 
m iscarriage.

M. Fehér

(Institu te  of Forensic Medicine, U niversity M edical School, Budapest)

Results o f  A nthropological-G enetical Investigations 
Made in Course o f 15 Years

A nthropological-genetical investigations made in 4238 cases (mainly in connection 
w ith  affiliation suits) are repo rted .

The paternity  te s ts  show ed the following resu lts :

T otal
%

A fter the examination of

one male %  I several males %

Almost impossible ............................... 3.2 2.0 6.8

H ighly improbable ............................... 7.9 5.4 15.5

Im probable .............................................. 27.0 24.4 34.8

Possible .................................................... 5.0 4.9 5.0

Probable .................................................. 32.2 37.0 18.0

H ighly p robab le ...................................... 19.0 20.7 14.3

Almost certain ..................................... 5.6 5.6 5.6

O f  th e  u tiliza b le  e x p e r t  o p in io n s  
Negative p ro o f s ...................................... 40.1 33.3 60.1

Positive p ro o fs ........................................ 59.9 66.6 39.9

Irrespective of these exam inations, blood tests were m ade in 94 per cent of the suits. 
In  7 cases (0.2 per cent) th e  tw o kinds of tests were in  agreem ent. In  5 of these cases, the 
children  were so young th a t  careful exam ination failed to  yield reliable results. There was 
a case in which the alleged m o ther had delivered a child in  her home lived un in terrup ted ly
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w ith her child; repeated  blood typing disproved the woman’s m atern ity  (m other M-type, 
child -N-type), whereas detailed genetic investigations proved both m atern ity  and  paternity. 
In  contrast in a fa ther case anthropological and genetical tests proved the fa th er, a paternity  
beyond doubt, although blood typing had yielded an opposite result (The Court confirmed the 
patern ity ).

M. Szabó

(Institu te  of Forensic Medicine, U niversity  Medical School, Debrecen)

Buoyancy of Submerged Pulm onary Tissue

The buoyancy of various samples of submerged specimens of in tac t and diseased lungs 
has been studied by m eans of a specially designed instrum ent.

The method allows a num erical expression of the different properties of the lung tissue 
and of the volume of air contained in the pulm onary tissue of newborn infan ts.

L. Harsányi, Gy. Szuchovszky

(In stitu te  of Forensic Medicine, U niversity  Medical School, B udapest)

Responsibility of the Nursing Personnel

Medico-legal experts are often required to  nam e the person responsible for some noxious 
sequelae arising in connection w ith medical trea tm en t. As sometimes judgem en t has to be 
given against nurses, th ea tre  sisters, etc. I t is necessary to  analyse the question as to when 
and how far such persons can be taken to account because of m istakes or om itted  actions. 
The law is governed by the principle of subjective responsibility, and it is discussed how far 
th is principle is realized by the existing medical by-laws, hospital regulations and other s ta t­
u tes. I t  is concluded th a t the responsibility has to be borne by the physician if the personnel 
acts under his supervision, whereas responsibility rests w ith the nurse as soon as he (or she) 
performs some independent action (even if commissioned to do so). The scope of responsibility 
devolving upon persons acting as medical auxiliaries is precisely defined in the existing s ta tu ­
to ry  provisions; th is scope is lim ited, but — within these limits crim inal responsibility is 
subjective and absolute.

N. Kapusz

(Institu te  of Forensic Medicine, U niversity  Medical School, Debrecen)

Cases of Post-Partum  Death

Cases of deatli following delivery are analysed.
Among the factors responsible for the fa ta l outcom e the followings were present in all 

exam ined cases: considerable haemorrhage into the broad uterine ligam ents, clinically latent 
uterine injuries sustained during delivery and, finally , constitu tional factors.

The reported cases are discussed in detail and practical conclusions are drawn.

I. Berta, I. Szabó

(In stitu te  of Gynecology, In s titu te  of Radiology and In s titu te  of 
Forensic Medicine, University Medical School, Debrecen)

M edico-Legal Evaluation o f Ilysterosalpingography

The results of 1200 hysterosalpingographic exam inations are described. Complications 
connected with the exam inations, especially the sterile inflam m ations are discussed, and the 
usefulness of contrast media in w ater and oil is analysed.
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T he diagnostic value of the p a tency  of the tubes is exam ined from the angle of forensic 
m edicine, and  it is emphasized th a t  only salpingograms revealing paten t fallopian tubes are 
reliable, whereas great precaution is advisable in connexion w ith  radiographs showing occlusion.

Gy. Kiss, A. Steczik

(D epartm ent of P atho logy , County Council H ospita l, Kecskemet)

Fatal Cases o f Septic Abortion

T he m aterial of a large adm in is tra tive  area has been surveyed in order to ascertain  
changes in  the frequency of d ifferen t kinds of abortion and the incidence of fa ta l cases.

T he num ber of birth , a fter a tran s ito ry  increase, began to  dim inish in 1956 and am ounts 
a t p resen t to about two th irds o f th e  original value. T ogether w ith  this decrease there began 
a s trik in g  in th a t of abortions, so th a t  — compared to the in itia l num ber — the la tte r  has risen 
fourfold . Of 78,089 abortions, 51006/65 per cent were artificial. According to sta tistica l da ta  
and  carefu l computations, of the 27,083 abortions which occurred outside the hospital about 
75 per cen t were artificial.

A m ong the abortions w ith  fa ta l term ination death  was due to septicaem ia in 43 cases, 
and a b o u t 60 per cent of the fa ta l cases were presumably crim inal abortions.

In  22 cases (51 per cent) o f these, post-mortem exam ination  revealed genital com pli­
cations (perforating injury, exuda te , adnexitis , abscesses). Changes in  the genitals were m ini­
m al in  8 cases (18 per cent), and only  the microscopic study  of th e  endom etrium  showed the 
gate o f infection. The picture was dom inated  by purulent periton itis  in 4 cases (9.3 per cent) 
(sep ticaem ia was associated w ith  ad ren a l haemorrhage in 2 cases (4.7 per cent). D eath was due 
to te ta n u s  in  5 cases (11.6 per cen t) and  to gas gangrene in one case. The pathogenic organism 
was dem onstra ted  in the la t te r  case. Since the roots of various p lan ts are still applied by the 
ig n o ran t layer of the population in ru ra l districts, the incidence of such cases m ight have been 
expected  to  be higher. Four ad d itiona l cases in which septicaem ia was accom panied by haemo- 
g lobinuria  and renal injury belong likewise to this group, so th a t the incidence of fa ta l infec­
tions due to  soil bacteria to ta lled  23.2 per cent.

E x tram arita l pregnancy w as in te rrup ted  by means of an unknow n tool in one case. 
The p a tie n t developed double pneum onia after the abortion . She had been suffering from 
chronic h e a rt disease and heart failu re  when entering the hospital. The case was regarded as 
one of infection because the developm ent of septicaemia w as in our opinion prevented only 
by th e  p a tie n t’s death.

I t  is noteworthy th a t the m ajo r p art of the fatal cases belonged to the culturally  and 
socially lowest layer of the population .

I. Gábor, L. Danka

(In stitu te  of Forensic M edicine, University M edical School, B udapest)

Isolated  Pancreatic Rupture

A m an received in the course o f a tavern  brawl a single powerful kick in the abdom en. 
The in ju ry  was recognized in tim e and  the patient was operated  upon. L aparatom y revealed 
a ru p tu re  of the body of the pancreas as the only in ternal dam age. This kind of in ju ry  rarely 
repo rted  in  the literature. The in ju ry  was sutured but the p a tien t died a week later.
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