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Fig. 1. Urinary excretion of 17-hydroxycortieoids (HOC) following 
injection of 2 mg 30920-Ba and 40401-Ba. Dark columns 17-HOe 
rag/12 h, empty columns 17-HOC mg/24 h. 
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Fig. 2. Mean values of plasma ll-hydroxycorticoids (HOC) following 
injection of 1 mg or 2 mg 30920-Ba and 40401-Ba with regard to 
normal diurnal variation, o ~ - - o  1 mg 30920-Ba, o . . . .  o 2 mg 
30920-Ba, A - - - - A  1 mg 40401-Ba, A . . . .  A 2 mg 40401-Ba, - - - -  
spontaneous diurnal variation. 

Plasma-ll-hydroxycorticoids after i.m. injection of synthetic ACTH 
derivatives at 07.30. 

Img  2 mg 1 mg 2 mg 
30920-Ba 30920-Ba 40401-Ba 40401-Ba 

0 h 18.8 -t: 3.3 18.8 i 1.3 20.2:1:2.6 19.4 i 2.3 
2 h 36.5 ~ 1.5 40.3 ± 9.0 40.5 :J: 4.1 38.3 :t: 5.3 
4 h 25.3 -t- 1.4 27.8 =t: 4.5 45.6 :t: 1.7 45.0 :t: 5,2 
7 h 15.5 :t: 0 16.6 :t: 2.3 42.0 :t: 2.5 43.1 ~: 9.4 

10 h 11.8 :t: 0.25 10.8 :j:: 1.9 30.1 ~ 5.9 39.9 ~ 14.8 
14 h 8.0 :t: 0.16 6.5 ± 1.1 20.9 :~ 6.2 22.8.4= 20.0 
24 h 18.8 :t: 3.5 19.3 ~ 1.8 19.6 :t: 1.3 23.2 ± 3.8 

Mean values and standard deviation in/ug/100 nil. 

a f t e r  s t imu la t ion  is 2.4 mg  for  30920-Ba a n d  12.5 m g  for 
40401-Ba, ind ica t ing  t h a t  the  increase  p roduced  by  the  
s y n t h e t i c  de r iva t ive  is 5 t imes  higher .  W i t h  regard  to  
spon t aneous  d iurnal  var ia t ion,  me a s u r e d  in 12 h ur ine 
specimens ,  t h e  rise of t h e  excre t ion  of 17-hydroxycor t i -  
colds can only  be observed  in t he  f i rs t  12 h per iod  a f t e r  
30920-Ba, whereas  a f te r  40401-Ba i t  las ts  for 24 h.  

The  d e t e r m i n a t i o n  of p la sma  11-hydroxycor t i co ids  
gives more  in fo rmat ion  on the  d y n a mi c  of ad rena l  s t imula-  
t ion.  In  t h e  Table  t he  m e a n  values  and  s t a n d a r d  dev ia t ion  
of t he  m e a n  of t h e  2 groups  a t  dose levels of 1 mg  and  
2 mg  of b o t h  der iva t ives  are  p lo t ted .  The  g roup  cons i s ted  
of 5 and  8 persons  respect ive ly .  I t  can  be  seen t h a t  t he  
increase a f te r  b o t h  p repa ra t ions  is the  s ame  du r ing  the  
f irs t  2 h. The  effect  of the  syn the t i c  der ivat ive ,  however ,  
las ts  for  more  t h a n  14 h a f te r  inject ion.  The  only  differ-  
ence be tween  the  2 dose levels of 40401-Ba is t h a t  a f t e r  
2 mg  t h e  s t a n d a r d  dev ia t ion  of the  m e a n  is greater ,  due  
to  ind iv idua l  differences.  I t  has  to  be no ted  t h a t  a l r e a d y  
7 h a f te r  t he  in jec t ion  of 30920-Ba the  values  of p l a s ma  
11-hydroxycor t ico ids  follow the  no rma l  d iurna l  r h y t h m  
of the  adrenals .  

The curve of all m e a n  values  of the  p l a sma  11-hydroxy-  
cort icoids  is shown  in F igure  2. The  dif ference b e t w e e n  
the  2 de r iva t ives  is t he  same,  i n d e p e n d e n t  of t he  2 dose  
levels. The ca lcula t ion  of t h e  a rea  b y  p l a n i m e t r y  using 
normal  d iurnal  va r ia t ion  as baseline,  gives for 1 mg  
40401-Ba an area  which  is 4.8 t imes  larger  a n d  for 2 mg 
40401-Ba an area  wh ich  is 4.5 t imes  larger  t h a n  the  corre- 
spond ing  va lues  of 30920-Ba. 

I n  conclusion we m a y  s t a t e  t h a t  r e p l a c e m e n t  of 
n-serine x b y  D-serine ~ and  arginine  17, 18 b y  o rn i th ine  
17, 18 enhances  t he  adrenocor t i co t rop ie  effect  no t  only  in 
an imals  b u t  also in h u ma n s .  The  s y n t h e t i c  de r iva t ive  is 
a b o u t  5 t imes  more  act ive.  The  effect  is p r o b a b l y  due  to  a 
d i f fe rent  enzyma t i c  degrada t ion .  

Zusammen[assung. Am Menschen  wurde  die adreno-  
cor t i co t rope  W i r k u n g  von  flt-~4 Cor t i co t rophin  Tet ra-  
cosact id  und  D-Serinl-17, 18 Diorn i th in  fll-24 Cort icotro-  
p h i n  nach  i .m. In j ek t i on  un te r such t .  Das  syn the t i s che  
Der iva t  erwies sich als e twa  f i infmal  st~irker wi rksam als 
das  nat t i r l iche  Te t racosac t id ,  haupts l ichl ich  d u t c h  eine 
Verl i tngerung der  Wirkungsdauer .  
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Mechanism of Non-Disjunct ion of Meiotic Chromosomes  and of Degeneration of Maturation Spindles  
in Eggs  Affected by Intrafollicular Overripeness I 

Non-d i s junc t ion  of meiot ic  ch romosomes  is t h o u g h t  to  
be  t h e  cause  of var ious  t y p e s  of t r i somy  and  monosomy .  
Pr inc ipa l  et iological  factors  for the  non-d i s junc t ion  dur ing  
ovogenesis  which  have  been  pos tu l a t ed  are (1) pos t -  
ovu la to ry  over r ipeness  of normal ly  ovu la ted  eggs 2,3, (2) 
p r e o v u l a t o r y  overr ipeness  of norn la l ly  m a t u r e d  p r i m a r y  
ovocy te s  a-0, (3) p e r h aps  chronological  age ing  of ovocy tes  
dur ing  t h e  g r o w t h  per iod  w h i c h  m a y  occur  in aged 
mothe r s .  

: The author wishes to express his thanks to Prof. E. WITSCm, the 
Population Council, Bio-Medical Division, the Rockefeller Univer- 
sity, for critical reading of the manuscript. This study was sup- 
ported by the Ford Foundation Population Program, Grant 
No. 64-411. 
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T h a t  pa tho log ica l  mod i f i ca t ions  in  eggs caused  b y  pos t -  
o v u l a t o r y  ( i n t r a u t e r i n e  or  i n t r a t u b a l )  ove r r ipeness  a n d  
b y  p r e o v u l a t o r y  ( in t rafol l icular)  ove r r ipeness  m a y  be  v e r y  
s imi la r  is s h o w n  b y  c o m p a r i s o n  of t he  s u b s e q u e n t  resu l t s  
occur r ing  in cy top l a smic  a n d  nuc lea r  e l e m e n t s  of a f fec ted  
eggs a n d  in t h e  issued zygotes  ~. I n  t h e  eggs of Xenopus 
w h i c h  h a d  b e e n  a f fec ted  b y  in t ra fo l l i cu la r  over r ipeness ,  
a b n o r m a l  c h r o m o s o m a l  b e h a v i o u r  d u r i n g  m e t a p h a s e s  of 
t he  f i rs t  a n d  t he  second m a t u r a t i o n  d iv i s ions  were  
obse rved  a n d  i n t e r p r e t e d  as  of n o n - d i s j u n c t i o n  of ch romo-  
somes  in t h e  ear l ier  s tud ies  4,5. Such  b e h a v i o u r  was  
c h a r a c t e r i z e d  b y  a b n o r m a l  l oca t ion  of u n d i v i d e d  t e t r a d s  
a n d  d y a d s  in t h e  sp ind les  a n d  t h e i r  a b n o r m a l l y  s l a n t i n g  
pos i t ion  to  t h e  sp ind le  axis .  

T h e  p r e s e n t  r e p o r t  p rov ides  f u r t h e r  ev idence  of t h e  
effect  of in t ra fo l l i cu la r  ove r r ipeness  on  t h e  po la r  spindles.  

Materials and methods. Three  female  Xenopus, more  
t h a n  8 yea r s  of age, h a d  been  k e p t  ove r  1 yea r  w i t h o u t  

Table L Frequency of cases with abnormal meiotic chromosomal 
behaviour in eggs collected from body cavities, upper part of ovi- 
ducts and uteri 

Sites of No. of No. of No. of cases in No. of cases in 
collec- eggs eggs first metaphase second metaphase 
tion of studied showing 
eggs side view normal ab- normal ab- 

of spindle normal normal 

Body 130 83 5 3 66 9 
cavity 
Upper 101 41 0 0 36 5 
oviduct 
Uterus 107 55 0 0 49 6 
Total 338 179 5 3 151 20 

Table II. Classified cases of the abnormal meiotic chromosomal 
behaviour in the eggs shown in Table I, and frequencies of precocious 
moving of undivided meiotic chromosomes to the outer or the 
inner poles of the spindle 

Abnormal chromosome No. of No. of No. of undivided 
behaviour cases in cases in chromosomes 

first second precociously 
meta- meta- moving to 
phase phase outerpole inner pole 

Precocious moving of 1 
undivided chromosomes 
to the outer pole 

Precocious moving of 1 
undivided chromosomes 
to the inner pole 

Precocious moving of 
undivided chromosomes 
to 2 different poles 

Losing polarization of I 
chromosomes but not 
showing precocious 
moving 

Degeneration of 2 
chromosomes 

Total 3 20 12 11 

8* I t  

9 10 

1 I 1 

ovu la t ion .  I n j e c t e d  w i t h  500 I U  of h u m a n  chor ion ic  
g o n a d o t r o p i n  each  fu rn i shed  ove r  1000 eggs, some n o rma l ,  
o t h e r s  d e a d  or  degene ra t ing .  As is well  known ,  degene ra -  
t ion  is caused  b y  in t r a fo l l i cu la r  overripeness 4,s,L O v u l a t e d  
eggs were  col lec ted  f rom b o d y  cav i ty ,  u p p e r  p a r t  of ovi -  
d u c t  a n d  u t e r u s  10 h a f t e r  t h e  in jec t ion ,  a n d  i m m e d i a t e l y  
p laced  in to  Zenke r ' s  so lu t ion  t o g e t h e r  w i t h  t h e  excised 
ovar ies .  T h e y  were sec t ioned  a t  15 p a n d  s t a i n ed  w i t h  
h e m a t o x y l i n  a n d  eosin. 

Results. Meiot ic  sp ind les  of 338 e x t e r n a l l y  n o r m a l  look- 
ing eggs were  obse rved ,  b u t  on ly  179 could  b e  e v a l u a t e d  
r ega rd ing  c h r o m o s o m a l  b e h a v i o u r .  Sp ind les  in  side v iew 
were se lec ted  for  a s t u d y  of t h e  s t ruc tu re ,  loca t ion  a n d  
p o l a r i t y  of meio t ic  ch romosomes .  As s u m m a r i z e d  in 
T a b l e  I, in  3 of 8 cases of f i rs t  meio t ic  m e t a p h a s e  sp ind les  
a n d  in  20 of 171 cases of second  meio t ic  m e t a p h a s e  
sp ind les  a b n o r m a l  c h r o m o s o m a l  b e h a v i o u r  was  obse rved .  
Th i s  inc luded  t h e  fol lowing:  

I n  t h e  f i rs t  meio t ic  m e t a p h a s e  (Table  I I ) .  (1) One  
t e t r a d  is loca ted  close to  t h e  i n n e r  pole,  far  be low t h e  
e q u a t o r i a l  p l a n e  whe re  all  o the r s  are  a s sembled  (F igure  I) .  
T h e  d i sp laced  t e t r a d  s t a n d s  a t  a n  ang le  of a b o u t  45 ° to  
t h e  m a i n  axis  whi le  al l  o t h e r s  a re  para l l e l  to  t h e  spindle .  
(2) One  t e t r a d  is loca ted  nea r  t h e  o u t e r  pole  a n d  some are  
n o t  po la r ized  w i t h  s l an t i ng  pos i t ion  to  t h e  sp indle  axis.  
(3) Th ree  t e t r a d s  in  t h e  e q u a t o r i a l  p l a n e  show los t  
p o l a r i z a t i o n  (Figure  2). 

I n  t h e  second meio t ic  m e t a p h a s e  (Table  I I ) .  (1) One  
case w i t h  2 d y a d s  in  oppos i te  poles  of a s ingle  sp ind le  
(F igure  3), a n d  n o t  po la r i zed  no rma l ly .  (2) One  case w i t h  
2 d y a d s  n e a r l y  in  t h e  o u t e r  pole.  (3) One  case  w i t h  2 
d y a d s  ha l f  w a y  b e t w e e n  t h e  o u t e r  po le  a n d  t h e  e q u a t o r i a l  
p l a n e  (Figure  4). (4) Six  cases w i t h  1 d y a d  loca ted  nea r  
t h e  ou t e r  pole, c lear ly  s e p a r a t e d  f rom t h e  o t h e r  d y a d s  a t  
va r ious  d i s t ances  (Figure  5). Most  of t h e  d i s loca ted  d y a d s  
show lost  po la r iza t ion .  (5) N ine  cases w i t h  1 d y a d  n e a r  
t h e  i nne r  pole  c lear ly  s e p a r a t e d  f rom t h e  o t h e r  d y a d s  a t  
va r ious  d i s t ances  (Figure  6). Mos t  of t h e  d i s loca ted  d y a d s  
e x h i b i t  los t  po la r i za t ion .  (6) T w o  cases w i t h  some dis-  
loca ted  a n d  d e g 6 n e r a t i n g  ch romosomes .  One  of t h e m  
shows a la rge  sized sp ind le  b o d y  (F igure  7). 

T h e  m o s t  f r e q u e n t  a n d  ch a rac t e r i s t i c  a b n o r m a l i t i e s  in  
these  cases were  precocious  m o v i n g  of u n d i v i d e d  t e t r a d s  
or d y a d s  t o w a r d  sp indle  poles a n d  lack  of p o l a r i z a t i o n  of 
a b n o r m a l l y  loca ted  ch romosomes .  

1 2 

Fig. 1. A first meiotic spindle at metaphase in a body-cavity egg. 
Note the abnormal position of an undivided tetrad (arrow) and its 
lost polarization. × 1000. 

Fig. 2. A first meiotic spindle at metaphase in a body-cavity egg. 
Note the lost polarization of 3 tetrads. The arrow points at a tetrad 
(slightly out of focus) which is normally polarized. × 1000. 

s Including 2 cases with 2 dyads moving to the outer pole. ~ K. MIKAMO, Cytogenetics, in press. 
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O t h e r  t y p e s  of a b n o r m a l i t y ,  i.e. d e g e n e r a t i o n  of 
c h r o m o s o m e s  a n d  h y p e r t r o p h y  of sp indles ,  a p p e a r e d  in 
23 a m o n g  40 u t e r i n e  eggs  wh ich  showed  va r i ous  degrees  
of c y t o p l a s m i c  d e g e n e r a t i o n  (F igures  8A, 9A). Degene ra -  
t i on  of c h r o m o s o m e s  was  cha r ac t e r i z ed  by  de fo rma t ion ,  
f r a g m e n t a t i o n ,  a n d  d i s so lu t ion  (F igures  8B, 9B). H y p e r -  

t r o p h y  of t he  sp ind le  was  obse rve d  in a m a j o r i t y  of de-  
g e n e r a t i n g  eggs (F igures  8B, 9B, c o m p a r e  w i t h  t he  
sp ind les  in F igu res  1-6  a t  the  s a m e  magn i f i ca t i on ) .  Dis- 
o r g a n i z a t i o n  of sp ind le  f ibres  was  one of t he  m o s t  in t e res t -  
ing  fea tu res .  As is seen  in F igure  9B, t h e  po la r  e nds  of 
sp ind les  o f t en  are s c a t t e r e d  a n d  no t  bund l e d .  Collect ion 
of t he  f ibres  in cen t ra l  bod ies  is c o m p l e t e l y  lost .  

Discuss ion .  In t r a fo l l i cu l a r  ove r r ipeness  e x e r t s  wide-  
sp read  ef fec ts  on  o v u l a r  c o m p o n e n t s ,  i.e. c y t o p l a s m ,  
c h r o m o s o m e s ,  sp ind le  f ibres,  a n d  cen t r a l  bodies.  I n  cases  
of severe  effect ,  o v o c y t e s  are  c omp le t e ly  d e g e n e r a t e d  a n d  
f inal ly  a b s o r b e d  in t he  ova ry .  However ,  still  r e l a t ive ly  
a d v a n c e d  cases  can  be o v u l a t e d  a n d  some  reach  t h e  m e t a -  
p h a s e  of t h e  s econd  m a t u r a t i o n  divis ion,  These  eggs  m a y  
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Fig. 3. A second meiotic spindle in a body-cavity egg. Note 2 dyads 
(arrows) in different spindle poles. The first polar body is shown near 
the spindle. X 1000. 

Fig. 4. A second meiotic spindle at metaphase in an egg from upper 
oviduct. Two dyads (arrows) are about half way between the equa- 
torial plane and the outer pole. X 1000. 
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Fig. 5. A second meiotic spindle at metaphase in a body-cavity egg. 
One dyad (arrow) is near the outer pole. X 1000. 

Fig. 6. A second meiotic spindle at metaphase in a body-cavity egg. 
One dyad (arrow) is about half-way between the equatorial plane 
and the inner pole. Note the relatively clear structure of the dyad 
and its lost polarization. The first polar body is seen near the outer 
pole of the spindle. × 1000. 

Fig. 7. A second maturation spindle in an uterine egg. Many 
chromosome dyads are located abnormally in the spindle. Note de- 
formation and fuzzy appearance of the chromosomes and the large 
size of the spindle. X 1000. 

Fig. 8. (A) Section of a degenerating uterine egg through a second 
meiotic spindle near the equatorial plane. Note the degenerative 
change of cytoplasm near the egg surface. × I00. {B) The same 
spindle showing degenerated chromosomes and fragmented chromatin 
substance scattered in the spindle. Note the large diameter of the 
spindle (the same magnification as that of Figures 1-7). X 1000. 
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not be fertilizable, nor capable of development very far if 
fertilized. Relat ively moderately affected eggs are ferti- 
lizable and develop into various developmental  mal- 
formations 7 and chromosome anomalies ~. 

The abnormal chromosomal behaviours, displacement 
and lack of polarization, are of special interest in the 
present study because they offer a possible explanation 
to the mechanism of non-disjunction of meiotic chromo- 
somes. If spindle fibres connecting both poles are of 
normal quality, obviously the tetrads and dyads should 
be polarized and stay in the equatorial plane as all others 
do. Apparently, the connection with one pole has been 
lost or weakened. The cause of the non-disjunction of 
chromosomes seems related to degeneration of the spindle 

fibres. A firm at tachment  of chromosomes at  the original 
characteristic position in the spindle was convincingly 
shown by NICKLAS and STAEHLY 8 in a recent experi- 
mental  s tudy of interference by micromanipulation with 
the normal process of division of grasshopper spermato- 
cytes. The fact tha t  prolonged or severe manipulation 
during metaphase could produce only a small increase in 
the kinetochore-to-pole distance, in other words, stretch- 
ing spindle fibres was not easily performed, indicates a 
strong rigidity of spindle fibres in metaphase. Further-  
more, ~N~ICKLAS 9 has revealed tha t  bivalents which are 
detached from the spindle and moved to any place in the 
cell with a micro-needle at metaphase always return to 
their characteristic metaphase position. Such experi- 
mental  evidence may support the interpretation tha t  the 
poleward displacement and lack of polarization of the 
tetrads and dyads in the material  are pathological and 
are an embodiment  of the processes occurring in the non- 
disj unction of meiotic chromosomes. 

As the result of overripeness, plasma viscocity in the 
egg decreases xo. In  many among the degenerating uterine 
eggs, the cytoplasmic degeneration was especially ad- 
vanced at  the surface of the animal hemisphere (Figures 
8A, 9A). Possibly, the hypertrophy of the spindle (Figures 
8B, 9B) was caused by liquefaction which occurred fore- 
most at  the animal pole of the affected eggs. WlTSCHI 
and LAGUENS a have suggested that  such a factor may  
contribute to the deterioration of polar and cleavage 
spindle fibres. 

Summary. Effects of intrafollicular overripeness of 
primary ovocytes on meiotic spindles were studied in the 
eggs collected from body cavities, upper par t  of oviducts 
and uteri of 3 Xenopi (more than 8 years of age and not 
induced more than one year for ovulation). In  179 exter- 
nally normal eggs which were sectioned to show side view 
of the spindle, 3 cases (out of 8) in the first meiotic meta-  
phase and 20 (out of 171) in the second metaphase 
exhibited abnormal chromosomal behaviour. This in- 
cluded precocious moving of 1 or 2 undivided tetrad or 
diad chromosomes to the outer or inner pole, lack of 
polarization of chromosomes, and degenerative changes 
of chromosomes. In obviously degenerating uterine eggs, 
the degenerative changes of spindles were found to be 
deformation, fragmentation, and dissolution of chromo- 
somes, disintegration of spindle fibres especially a t  polar 
ends, and hypertrophy of spindles. From the observation, 
it was concluded tha t  the cause of the non-disjunction 
of chromosomes may be related to degeneration of the 
spindle fibres. 

RJsumd. La d~g~n~rescence des fibres en fuseau est 
propos6e comme un facteur responsable de la non-dis- 
jonction des chromosomes m~iotiques. Cette hypoth~se 
est bas6e sur l 'observation, dans les ceufs affect6s par 
l 'hypermaturi t6 intrafolliculaire, de positions chromoso- 
miques anormales pendant  les m6taphases m6iotiques et 
de changements d6g6n6ratifs dans les fuseaux m6iotiques. 

K .  MIKAMO 

Fig. 9. (A) Section of a degenerating uterine egg through the second 
meiotic spindle. Cytoplasm is degenerated near the egg surface of 
the animal hemisphere. × 100. (B) The same spindle showing dis- 
organization of spindle fibres at poles and discontinuity of the fibres 
with central bodies. Degeneration of chromosomes and enlargement 
of size of the spindle are seen also in this case, X 1000. 

Laboratoire d'Hormonologie et d'Embryologie, 
Clinique Universitaire de Gyndcologie et 
d'Obstdtrique, 1211 Gen~ve ~t (Switzerland) 
21 September 1967. 
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