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S T U D I O R U M  P R O G R E S S U S  

Editorial note. On June 9, 1971, Professor Emil Witschi died at the age of 81 years. As a young man, Witschi started his scientific career with 
the epochmaking experimental work on the sexuality of amphibians in Basle, a work which he continued and completed 'extra muros' in 
America. His latest scientific publication, which appears once again in Basle, represents a return home for this exceptional embryologist, 
cytologist, geneticist and sex researcher, both in the literal and in the wider sense. H.M. 

D e v e l o p m e n t a l  C a u s e s  o f  M a l f o r m a t i o n  

Research  in the  et iology of h u m a n  congeni ta l  ma l fo rma-  
t ions  gained grea t  impe tus  and  new di rec t ions  w i t h  the  
d iscovery  of the  sex -ch romat in -bod ies  in 19491 and  the  
ch romosomal  aneuploidies  in 1959 ~-4. Since the  la t t e r  
of ten  are found  in associat ion wi th  abno rma l  indiv idual  
t ra i t s  some re la t ionsh ip  be tween  ch romosomal  p a t t e r n s  
and  pa thologic  s y n d r o m e s  is obvious.  As long as only  few 
aneuploidies  had  been observed,  the re  was a t e n d e n c y  to  
assume t h a t  chance -nond i s junc t ion  or s imilar  mi to t ic  
errors migh t  be t he  ve ry  cause of these  mal format ions .  But  
such in t e rp re t a t i ons  became  un t enab l e  when  ch romosome  
abnormal i t i e s  were found  a t  ve ry  h igh  f requencies  in early 
abor ted  embryosS,  e (Table I) .  CARR 7 and  SINGH and  
CARR s, in a mate r ia l  of 228 embryos  and  fe tuses  a t  ages up 
to t he  24th week, found  a t o t a l  of 22% ch romosome  ab- 
normal i t ies ,  b u t  54 and  48.6°/o in 22 r u p t u r e d  and  37 in- 
t a c t  sacs w i t h o u t  embryos ,  ges ta t iona l ly  the  younges t  
groups.  Ev iden t ly ,  abor tuses  are a h igh ly  selected lot ;  bu t  
NISHIMURA 9 repor t s  3% abe r ra t ions  in 100 k a r y o t y p e d  
e m b r y o s  f rom h e a l t h y  pregnanc ies  i n t e r r u p t e d  a t  2 to  3 
mon ths ,  which  is a t  least  6 t imes  the f r equency  of sur- 
vivers,  i.e. l ive-born  babies .  His  f igure appear s  s l ight ly  
high, cons ider ing t h a t  the  early excessive ra te  of ' repro-  
duc t ive  was tage '  aba tes  a t  abou t  6 weeks.  By  th is  t ime  i t  
a m o u n t s  a l ready  to  66% as ind ica ted  by  the  s t u d y  of re- 
p roduc t ion  in 210 couples,  which  h a d  been  selected by  
HERTIG and  col labora tors  for  p r o v e n  fer t i l i ty  of bo th  
mates 10, Ii. 

We  are u t t e r l y  i gnoran t  of t he  ways  and  the  m e a n s  t h a t  
cont ro l  t h e  s tead i ly  progress ing degenera t ion  of mill ions of 
ovocy tes  in t he  ovar ies  of the  h u m a n  female  be tween  b i r t h  
and  age 45, and  ye t  se lect ively spare  a b o u t  400 t h a t  m a y  
be re leased i n t e r m i t t e n t l y  dur ing  30 fert i le  years  x*. How-  
ever  in cons idera t ion  of th is  mass  des t ruc t ion ,  i t  is l ikely 
t h a t  some of those  ovu la ted  have  suffered par t i a l  damag e  
and  con t r ibu te  to  t h e  class of ' bad  eggs'  - to  use an ex- 
press ion by  I-IERTIG. 

Analys is  of t he  mechan ics  of par t ia l  or comple te  deter io-  
ra t ion  of p r e - a n d  pos t -ovu l a to ry  h u m a n  eggs is par t icu-  
lar ly diff icul t  because no p l anned  expe r imen ta l  inves t i -  
ga t ions  are  possible.  W o r k  wi th  o the r  m a m m a l s  provides  
va luable  resul ts  n,  t h o u g h  it is h a n d i c a p p e d  by  lack of 
clear controls .  All m a m m a l i a n  species have  high ra tes  of 
r ep roduc t ive  wastage .  Consequen t ly  spon taneous  aberra-  
t ions  occur  in the  cont ro l  lots. The evolu t ion  of nu r tu re  
necess i t a t ed  a r educ t ion  of the  n u m b e r  of offspring.  For  
clear e x p e r i m e n t a t i o n  one m u s t  t u r n  to  more  p r imi t ive  
v e r t e b r a t e  species wi th  full fer t i l i ty.  In  m o s t  frogs of t he  
genus R a n a  vi r tua l ly  all ovu la ted  eggs (usually several  
t h o u s a n d  a t  one mat ing)  are fer t i l izable  and  capab le  of 
no rma l  d e v e l o p m e n t .  If s to red  a t  low room t e m p e r a t u r e  
(18-19 °C for R a n a  temporaria) full fer t i l i ty  is m a i n t a i n e d  
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Table I. Frequencies of abnormal karyotypes (%) at early misdevelopment: Neurulae (Stages 13-17) and tailbud embryos (Stages 18-33) 

Material Stage Age Number % Stage Age Number % 

Human ~ -17 ~ w  8 75 18-33 5-8w 18 50 

Human ~ -17 -4w 379 67 18-33 5-8w 309 58 

Anuran 15 17-18 3Md 48 87 

The Human materials were karyotyped abortuses. The anurans were malformed specimens cultured from overripe eggs and selected at stages 
17 to 18 for chromosome analysis. 40 embryos from control groups had normal karyotypes. 

Table II. Distribution of karyotypes in a group of 48 malformed embryos (Stages 17-18) of Rana pipiens and Xenopus laevis 

Karyotype: Haploidy Monosomy Diploidy Trisomy Triploidy Tetraploidy Mosaicism 

Number 2 11 6 4 3 1 21 

Percent 4.2 23 12.5 8.3 6.25 2.1 43.75 
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for  3 days .  L a t e r  d e t e r i o r a t i o n  leads  to  over r ipeness ,  e n d i n g  
i n  d e a t h  a f t e r  t h e  5 th  day .  I t  h a s  long  b e e n  k n o w n  t h a t  
de l ayed  fe r t i l i za t ion  of f rog eggs p roduces  a l l  m a j o r  t y p e s  
of mons t ro s i t i e s  o b s e r v e d  in  h u m a n  fe tuses  ~3. More  re-  
c e n t l y  i t  was  also s h o w n  t h a t  in  Xenopus a n  e x t e n d e d  re- 
t e n t i o n  of eggs in o v a r i a n  follicles (de layed  ovu la t ion )  re- 
sul ts  in  ove r r ipeness  14 W h i l e  t h e  Xenopus t y p e  offers no  
poss ib i l i ty  of exac t  con t ro l s  - t h e  degree  of over r ipeness  
m u s t  be  e s t i m a t e d  f rom t he  seve r i t y  of m i s d e v e l o p m e n t  - 
i t  serves  in  t he  s t u d y  of effects  of age a n d  of t h e  t i m e  se- 
quences  in  follicle r ipening .  

T h e  a m p h i b i a n  m a t e r i a l  fu rn i shes  also e x p e r i m e n t a l  
p roof  t h a t  ove r r ipeness  p roduces  t h e  c h r o m o s o m a l  ano-  
ma l i e s  t h a t  a re  obse rved  in  t h e  h u m a n  ~5. Consu l t i ng  T a b l e  
I shows a p a r t i c u l a r l y  h i g h  f r e q u e n c y  of a n e u p t o i d y  in  
a m p h i b i a n  m o n s t e r s  a t  s tages  c o r r e s p o n d i n g  to  h u m a n  em-  
b r y o s  of 4 to  4x/2 weeks.  Th i s  is n o t  su rp r i s ing  a n d  in f ac t  
m i g h t  e v e n  be  expec t ed  s ince  al l  were  m a l f o r m e d  p r o d u c t s  
of e x p e r i m e n t a l  over r ipeness ,  whi le  some in  t he  h u m a n  
col lec t ions  were  morpho log ic ly  (and  m o s t l y  also ch romo-  
somal ly)  n o r m a l  embryos ,  poss ib ly  e jec ted  f rom causes  
such  as a t t e m p t e d  i n d u c e d  abor t ions .  I t  is n o t e w o r t h y  
t h a t  a m o n g  a m p h i b i a n  mons te r s ,  as in  t h e  y o u n g e s t  of 
h u m a n  defect ives ,  t h e r e  r e m a i n s  a cons ide rab le  n u m b e r  
w i t h  n o r m a l  k a r y o t y p e  a n d  t h a t  t h e  a n e u p l o i d  a b e r r a t i o n s  
are  of s imi la r  d i v e r s i t y  of c h a r a c t e r  as  in  m a n  (Table  I I ) .  
T h e  h i g h  f r e q u e n c y  of c h r o m o s o m a l  mosa ics  (44%) is n o t  
surpr is ing .  Ove r r ipenes s  is p r i m a r i l y  a d e g r a d a t i o n  of t h e  
p l a s m a  a n d  d i r ec t  o b s e r v a t i o n  of frog eggs a n d  e m b r y o s  
shows  t h a t  o f t en  no t  al l  p a r t s  of a ge rm are  e v e n l y  affec- 
t ed  la, 16. T h e  mosa ics  of t h i s  p a r t i c u l a r  s t u d y  seem to  h a v e  
o r ig ina t ed  f rom nondis j  u n c t i o n  d u r i n g  f i rs t  or  second clea- 
vage  divis ions ,  t h o u g h  o t h e r  poss ibi l i tes ,  l ike loss of chro-  
mosomes  a n d  doub le  fe r t i l i za t ion ,  are no t  exc luded.  

Over r ipeness  of t h e  egg is n o t  on ly  cause  of c h r o m o s o m e  
d i s a r r a n g e m e n t ,  Some  of t h e  45 XO and ,  of course,  all  47 
X Y Y  cases can  be  t r a c e d  to  p a t e r n a l  sources  17, Nondis -  
j u n c t i o n  of t h e  Y Y  d iad  in t h e  second  mio t i c  d iv i s ion  of 
s p e r m a t o c y t e s  shou ld  r e su l t  in  e q u a l  n u m b e r s  of  s p e r m s  
w i t h o u t  any ,  or  w i t h  two  Y ch romosomes .  Since eggs w h i c h  
t h e y  fer t i l ize  m a y  be  of ' good '  q u a l i t y  in  t he  o r d i n a r y  pro-  
por t ion ,  bo th ,  XO a n d  X Y Y e m b r y o s  of such  p roven ience ,  
shou ld  h a v e  r e l a t i v e l y  fa i r  chances  of su rv iva l .  T he  h i g h  
m o r t a l i t y  a n d  t e r a t o i d  m o r p h o l o g y  of XO e m b r y o s  a n d  te- 
ruses  of t h e  2nd  a n d  3rd m o n t h s  e can  be  a s s u m e d  to  el imi- 
n a t e  p r eva i l i ng ly  cases w i t h  a p a t e r n a l  X - t h e  loss of t he  
m a t e r n a l  sex  c h r o m o s o m e  a l r eady  be ing  p a r t  of t h e  egg- 
ove r r ipeness  synd rome .  On  t h e  o t h e r  h a n d ,  loss of a Y in 
c leavage,  as o b v i o u s l y  h a p p e n s  in t h e  h i s t o r y  of m o n o z y -  
got ic  X Y - X O  twins ,  v e r y  p r o b a b l y  r e su l t s  f rom t h e  over -  
r ipeness  of t h e  zygote.  

I n  t h e  yea r s  p r io r  to  1959 i t  was  s t i l l  poss ib le  to  t h i n k  
t h a t  all  c h r o m a t i n  pos i t i ve  Kl inefe l te r s  a n d  h e r m a p h r o -  
d i tes  were sex reve r sed  gene t ic  femals.  T he  a u t h o r  pro-  
posed  t h a t  t he  sh i f t  t o w a r d  ma leness  p r o b a b l y  was  due  to  
over r ipeness  of t h e  egg i s  Th i s  a r g u m e n t ,  ba sed  on  exper i -  
m e n t s  w i t h  a m p h i b i a n s ,  was  t e m p o r a r i l y  p laced  in ques t i on  
t h r o u g h  t he  d i scove ry  of a d d i t i o n a l  Y - c h r o m o s o m e s  in 
m o s t  c h r o m a t i n  pos i t ive  Kl inefe l te r s  a n d  h e r m a p h r o -  
d i t e s  3,*. However ,  more  r e c e n t  f ind ings  of 46 X X  males  
(25) a n d  h e r m a p h r o d i t e s  (59), t o g e t h e r  w i t h  t h e  puzz l i ng  
cases of X Y  a n d  X X ] X Y  h e r m a p h r o d i t e s  (27) 19, t h e  ex- 
t r e m e  v a r i a b i l i t y  of XO ' f emales '  e0 a n d  t h e  n u m e r o u s  sex 
c h r o m o s o m e  mosa ics  w h i c h  de fy  a t t e m p t s  a t  d i s e n t a n g l i n g  
on  a p u r e l y  cy togene t i c  bas i s  ~1 necess i t a t e  a r e t u r n  to  t h e  
c o n s i d e r a t i o n  of d e v e l o p m e n t a l  fac tors  a n d  processes  in-  
v o l v e d  in sex d i f f e r e n t a t i o n  a n d  sex reversal .  T he  fol lowing 
are  m o s t  i m p o r t a n t  f ac t s  a n d  t e n e n t s ~ :  

1. A p la sma t i c ,  m a t e r n a l l y  i n h e r i t e d  s u b s t a n c e  ac t s  as 
germ cell d e t e r m i n e r  ~3. I t  c an  be  p a r t l y  or ful ly  d e s t r o y e d  

surgical ly ,  b y  r a d i a t i o n  a n d  b y  chemica l  d e t e r i o r a t i o n  in  
over r ipeness .  

2. Sex d i f f e r en t i a t i on  of t h e  g o n a d s  is i n d u c e d  exc lus ive ly  
b y  soma t i c  e l e m e n t s  of two  g o n a d a l  t e r r i t o r i e s :  cor tex,  t h e  
o v a r y  i n d u c t o r  a n d  medul la ,  t he  t es t i s  induc to r .  

3. The  a l t e r n a t i v e  of d e v e l o p m e n t a l  d i f f e r e n t i a t i o n  - 
cor t ica l  or m e d u l l a r y  - is n o r m a l l y  dec ided  b y  t h e  gene t ic  
c o n s t i t u t i o n ;  b u t  in  case of i n h i b i t i o n  or d e t e r i o r a t i o n  of 
one i n d u c t o r  sys tem,  t h e  o t h e r  m a y  ga in  t h e  lead (com- 
p e n s a t o r y  h y p e r t r o p h y ) .  

4. I m p o r t a n t  for  sex d e v e l o p m e n t  is t h e  c o m m o n l y  ob- 
se rved  r e d u c t i o n  in n u m b e r  a n d  v i t a l i t y  of t h e  p r i m o r d i a l  
ge rm cells, a f t e r  ove r r ipeness  of a n  egg. T h e i r  insuf f ic ien t  
a n d  l a t e  co lon i sa t ion  of t h e  co r t ex  e n t r a i n s  i t s  p o o r  de-  
v e l o p m e n t ,  w h i c h  in  t u r n  e n h a n c e s  t h e  poss ib i l i ty  of com- 
p e n s a t o r y  m e d u l l a r y  d e v e l o p m e n t .  As a consequence  tes t i -  
cu ta r  or  i n t e r s e x u a l  gonads  c a n  fo rm in e m b r y o s  c a r r y i n g  
o n l y  X c h r o m o s o m e s  as  well  as a n y  c o m b i n a t i o n  of X a n d  
Y c h r o m o s o m e s  11, is. 

5. Over r ipeness  of t h e  egg af fec ts  m a i n l y  t h e  cy top l a sm.  
I m m e d i a t e  a n d  s u b s e q u e n t  morpho log ic  a n d  phys io logic  
changes  sugges t  d e g r a d a t i o n  of t h e  m a t e r n a l l y  i n h e r i t e d  
a n d  c h r o m o s o m e - d e r i v e d  p ro t e in s  a n d  enzymes ,  w h i c h  
m a k e  up  t h e  specif ic  o r g a n i z a t i o n  of t h e  m a t u r e  ovocy t e  13. 

6. B e g i n n i n g  l i que fac t ion  of a c h r o m a t i c  f ibers  of the  
po l a r  sp ind les  leads  to  i r r egu la r  d i s t r i b u t i o n  of ch romo-  
somes.  L a t e r  t h e  sp ind les  d isso lve  fu l ly  a n d  t h e  ch romo-  
somes  d isperse  or  c l u m p  t o g e t h e r .  

S i x t y  years  of d iscuss ions  o n  theor i e s  of q u a n t i t a t i v e  sex 
d e t e r m i n a t i o n  h a v e  led m a n y  cy togene t i c i s t s  to  t h i n k  of 
sex c h r o m o s o m e s  a n d  c e r t a i n  a u t o s o m a l  complexes  in 
t e r m s  of f ixed  va lues  for  ma leness  a n d  femaleness .  B u t  
even  t h e  mere  f ac t  t h a t  3a  + 2x d rosoph i lae  f l u c t u a t e  
f rom n e a r  female  to  nea r  ma le  i n t e r s exua l  t y p e s  p roves  
t h a t  phys io logic  cond i t ions  can  m o d i f y  t h e  m a n i f e s t a t i o n  
of genes.  T h e  a c t i v a t i o n  of t h e  sex genes  depends  on  h i g h l y  
l ab i le  e n v i r o n m e n t a l  factors .  F o r  Xenopus l a r v a e  t h e  t i m e  
of cor t ica l  (female)  or  m e d u l l a r y  (male)  d i f f e r e n t i a t i o n  ar ises  
d u r i n g  t h e  3rd week  of d e v e l o p m e n t  2~. T h e  gene  a c t i v a t i o n  
a n d  t h e  long  cha ins  of t h e  pos tgene t i c  processes  c a n  on ly  
be  desc r ibed  in  genera l  t e rms .  T h e y  cons i s t  of molecu la r  
r eac t i ons  in  w h i c h  h o r m o n e s  t h a t  s t a r t  D N A  t r ansc r ip -  
t i o n  are  fol lowed b y  t h e  d i s p a t c h  of R N A  messengers ,  in- 
t e r a c t i o n  w i t h  r ibosomes ,  syn thes i s  of po lypep t ides ,  pro- 
t e ins  a n d  enzymes .  I n t e r f e r e n c e  b y  in t r a -  a n d  ex t r ace l lu l a r  
cond i t ions  is poss ib le  a t  eve ry  s tep.  Over r ipeness  p roduces  
in fe r t i l i t y  p r o b a b l y  b y  a f fec t ing  t he  ge rm l ine subs tance .  
More  genera l ly  i t  b ecomes  t e r a t o g e n i c  b y  d e g r a d i n g  a n d  
f ina l ly  des t roy  ng  t h e  a r ch i t ec tu re ,  t he  s tores  of chemica l  
p recu r so r s  a n d  t h e  course  of m e t a b o l i s m  of t h e  egg cell n ,  13 
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Embryologic and clinical indications of teratogenic ac- 
tion of delayed ovulation and/or insemination in man have 
often been reproted. HERTIG 1° finds increased pathology 
of cleaving stages and blastocysts derived from eggs in- 
seminated later than the 14th day of the menstrual cycle. 
IFFY 24 has collected a large material  on pregnancies which 
started in the last week of the menstrual cycle. He holds 
that  delayed ovulation and/or delayed fertilization are 
major causes of reproductive pathology and on this basis 
propounds his 'past-mid-cycle theory' ,  contra-indieating 
the practice of the rhy thm method in birth control. 

The realization of essentially good prospects to learn 
about  the gene content  of chromosomes from correlated 
studies of aneuploid karyotypes and malformations can- 
not be hoped for without  paying due consideration to too- 

dified developmental conditions created by overripeness. 
This will not  detract  from the value of parallel immunolo- 
gic and cytologic analysis with refined new technics ~, 2s 

E. WlTSCtti 

The Population Council, Bio-Medical Division, 
The Rockefeller University, 
York Avenue and 66th Street, New York (N.Y.  10021, 
USA), 31 April  197L 

.5 M. A. FERGUSON-SI~IITII, Birth Defects (Orig. Articles Series, 
New York 1969), vol. 5, p. 3. 

PRO E X P E R I M E N T I S  

A S p e c t r o p h o t o m e t r i c  M e t h o d  f o r  t h e  D i r e c t  R e c o r d i n g  of  D i o l d e h y d r a s e  A c t i v i t y  

Dioldehydrase is a widely distributed enzyme among 
micro-organisms. The reaction which it  catalyzes involves 
the dehydration of a number of diols 1 with production 
of an aldehyde, as indicated in the following general 
equation : 

R-CHOH-CH~OH --> R-CH2-CHO-t-tt~O 

The most commonly used substrate is propane-l ,2-  
diot and the rate of the reaction is usually followed by 
the amount  of 2,4-dinitrophenylhydrazone formed at  a 
given t ime upon addition of 2, 4-dinitrophenylhydrazine. 
This method, described by BOEHME and WINKLER *, does 
not allow direct and continuous measurements of kine- 
tics and, like most sampling methods, is rather time- 
consuming. 

Since one of the products of the reaction is an aliphatic 
aldehyde we have a t tempted to couple the dioldehydrase 
reaction to that  catalyzed by alcohol dehydrogenase. 
The rate of oxidation of NADH by the latter enzyme 
may be followed spectrophotometrically. The technique 
developed for a continuous recording of dioldehydrase 
act ivi ty  is described in this paper. 

Materials and methods. As a source of the apodiol- 
dehydrase, a cell-flee extract  from Aerobacter aerogenes 
(ATCC 8724) was prepared according to LEE and ABE- 
LES 8. At  a variance from the procedure described by 
the authors quoted we have omitted propanediol from 
the extraction mLxture without  appreciable loss of acti- 
vity.  The enzyme extract  could be stored lyophilized up 
to 15 days. 

The enzyme act ivi ty  was followed by the rate of dis- 
appearance of NADI-I, as measured with a recording 
Eppendorf photometer  equipped with a 366 nm filter. 
The cuvet te  holder of the instrument  was thermostated 
at  30°C. The assay mixture (1 ml) consisted of: apodiol- 
dehydrase in the range of 0.5-0.6 mg protein; 3 nmoles 
dimethylbenzimidazolyl cobamide (DMBC) (Glaxo) ; 
0 .5mg alcohol dehydrogenase from yeast (SIGMA) 
(200-250 U/mg prot.); 0.9 ~moles N A D H  (SIGMA, 
Grade I I I ) ;  50 t~moles Tris-HC1; 12.5 [~moles KC1 and 
0.3 mg Bovine Serum Albumin (SIGMA). The reaction 
is started by adding 3 tA of 1, 2-propanediol (Fluka) stock 
solution (1M) standardized according to EIBL and 
LANDS 4. The reference euvette  contained buffer and 
0.3 [zmoles NADH. The addition of N A D H  also to the 

reference cuvette  allows to use a high enough N A D H  
concentration in the sample cuvette. 

Propionaldehyde (Fluka) used in Km experiments was 
purified by redistillation. The redistillated product dis- 
played a refractive index n~ * = 1.3643 in agreement with 
data reported in li terature (n~ 9 = 1.3646)5. The aldehyde 
concentration was determined by addition of sodium 
bisulfite and iodimetry. Styreneglykol solution, used in 
experiments of specific inhibition, was made of pure 
reagent supplied by Fluka. 

Results. A pre-requisite for the use of ADH as coupling 
enzyme for the spectrophotometric determination of diol- 
dehydrase is tha t  the dehydrogenase may react with 
propionaldehyde at a sufficiently high velocity and with 
a reasonable Km. Accurate determination of this para- 
meter has yielded a value of 3.36 × 10-3M. 
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Linear relationship of NADH oxidation rate with protein concen- 
tration, Experimental conditions as described trader materials and 
methods. 
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