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non-s igni f icant  changes  af ter  g lucagon;  b u t  the  marked  
decrease of noradrena l in  in compar i son  wi th  the  controls  
was observed af ter  glucagon or oestradiol  admin i s t r a t ion  
(Figure). About  the  same resul ts  were ob ta ined  by  histo- 
chemical  me thods  concerning the  d i s t r ibu t ion  of adrenal in  
and  noradrena l in -s to r ing  cells. 

The histological  p a t t e r n  shows the  occurrence of an 
in tense  chromaff in  hyperp las ia  af ter  oestradiol  adminis-  
t ra t ion .  S imul taneous  t r e a t m e n t  w i th  glucagon marked ly  
reduced  oes t radiol - induced hyperp las ia  in the  adrenal  
medulla .  

Aldosterone  admin i s t r a t ion  induced  a modera t e  s t imu-  
la t ion of medul lo-chromaff in  hyperplas ia .  The mos t  in- 
tense  s t imula t ion  of the  chromaff in  hyperp las ia  was ob- 
served af ter  c o n c o m i t a n t  admin i s t r a t ion  of oestradiol  and 
g rowth  ho rmone  (4); its appearance  is t h a t  of a pheo-  
c h r o m o e y t o m a  and  hemorrhag ic  cyst .  

Discussion. Our f indings suggest  t h a t  glucagon, aldo- 
s terone  and g rowth  hormone  s ignif icant ly  influence the  
evolut ion  of the  oes t radiol - induced chromaff in  hyper -  
plasia and the  catechol  amine  con ten t  of the  adrenal  
medul la  of guinea-pigs.  The admin i s t r a t ion  of large doses 
of insulin induced in ra t s '  and ca ts '  adrenal  medul la  an 
exclusive deple t ion of the  adrenal in ;  in dogs, i.v. adminis-  
t r a t ion  of glucagon-free insulin induces a modera te  in- 
crease in the  catechol  amine ou tpu t .  F r o m  our experi-  

ments ,  a progressive increase m a y  be observed  in the  
adrenal in  co n t en t  af ter  glucagon, oestradiol ,  g rowth  hor-  
mone  and  a ldos terone  admin i s t r a t ion  in compar i son  witl l  
the  controls ,  and a marked  decrease in the  noradrena l in  
co n t en t  af ter  glucagon, oestradiol ,  g rowth  h o rmo n e  and  
a ldos terone  admin i s t ra t ion .  This  var ia t ion  runs  paral lel  
to the  histological  changes  in the  vo lume and  s t ruc tu re  
of the  adrena l  medulla.  

Rdsumd. La var ia t ion  du t a u x  des ca t6cholamines  
(adr6naline e t  noradr6nal ine)  e t  les modif ica t ions  his to-  
logiques on t  6t6 6tudi6s apr6s admin i s t r a t i on  d 'a ldo-  
st6rone, de glucagon et  d ' h o r m o n e  de croissance sur  
l 'hyperp las ie  m6dul lo-chromaff ine  provoqu6e chez des 
cobayes  par  l '0estradiol. 
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A s s o c i a t i o n  of H u m a n  Sate l l i t ed  C h r o m o s o m e s  

The abi l i ty  for h u m a n  satel l i ted chromosomes  to lie in 
close p rox imi ty  to one ano the r  a t  ine taphase  has been ob- 
served by  HARNDEN 1. SHAW 2 fu r the r  repor ted  his obser- 
va t ions  in which chromosome No. 1 (Denver  System) also 
formed a close associat ion wi th  the  satel l i ted chromo-  
somes.  FERGUSON-SMITH and HANDMAKER a defined this  
phenomenon ,  and la ter  (1963) 4 showed the  d is t r ibu t ion  
be tween  these ch romosomes  to be non- random,  wi th  a 
h igh f requency of associat ions be tween  the  shor t  a rms of 
the  satel l i ted chromosomes  and specific regions of non-  
satel l i ted chromosomes.  MERRINGTON and  PENROSE 5, by 
s ta t i s t ica l ly  analysing 62 cells, showed t h a t  the  acrocen- 
t r ic  chromosomes  {which are usual ly satell i ted) t end  to 
lie closer toge ther  t h a n  would be expec ted  if the  chromo-  
somes were r andom ly  a r ranged  at  me taphase .  FROLAND 6, 
in a s t u d y  of 6458 cells, observed t h a t  the  mean  associa- 
t ion  per  cell was 1.32 and  t h a t  there  was no difference 
be tw een  the  age, sex, or ka ryo type  of the  subjects .  
REITALU 7, in a more  detai led s tudy ,  showed t h a t  (a) only  
6 satel l i ted chromosomes  out  of the  normal  10 took act ive 
p a r t  in satell i te associations,  (b) the  chromosomes  which 
exhib i ted  this p h e n o m e n o n  were non-homologous  chromo-  
somes,  and (c) the  associat ion f r equency  in the  large and 
small  acrocentr ic  groups was the  same. 

Following this  obse rva t i on  of REITALU, the  p resen t  
s t u d y  was unde r t aken  to ascer ta in  (1) whe the r  or not  
all tell acroeentr ic  chromosomes  took p a r t  in associations,  
(2) whe the r  or no t  homologous  ch romosomes  took p a r t  in 
the  association, and  (3) to  calculate  the  f requency wi th  
which individual  and homologous  chromosomes  took par t  
(if indeed they  did) in satell i te associat ion.  

The cri terion used for the  def ini t ion of satell i te associa- 
t ion is the  same as t h a t  descr ibed by  FERGUSON SMITH 
and HANDMAKER a. 

Materials and methods. For  th is  s tudy,  d a t a  were ob- 
t a ined  from a to ta l  of 300 cells which were ka ryo typed .  
These cells were all ob ta ined  f rom blood leucocyte  cul- 
tures  set  up by  the  me thods  descr ibed by  BISHUN et al. 8 
and ROBINSON et  al.% wi th  some minor  modif icat ions .  
The m e t a p h a s e  cells selected were the  bes t  spread,  w i th  
good morpho logy  and wi th  the  moda l  ch romosome  com- 
p l emen t  of the  pat ients .  These were the  cells usual ly 

Table I. Frequencies of different chromosomes 

Single chromosomes 

Chromosome No. 13 14 15 21 22 
Frequencies (%) 1.1.2 10.9 11.2 14.7 9.6 

Homologous chromosomes 

Frequencies (%) 6.02 8.9 5.7 15.8 6.3 
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Table II. Pooled results. Ages ranging from 2 days to 75 years. Both male and female cells are included; also cells with normal 
and abnormal karyotypes 

Age group Cells Associations No. 13 No. 14 No. 15 No. 21 No. 22 
examined observed 

New-born to 84 77 21 single 21 single 22 single 36 single 16 single 
10 years 6 homol. 10 homol. 4 homol. 15 homol. 2 homol. 

11-20 years 72 72 16 single 21 single 19 single 24 single 18 single 
4 homol. 5 homol. 6 homol. 13 homol. 9 homol. 

21-40 years 114 93 29 single 23 single 23 single 21 single 28 single 
6 homol. 9 homol. 3 homol. 18 homol. 7 homol. 

41-75 years 30 24 5 single 4 single 7 single 9 single 2 single 
3 homol. 4 homol. 3 homol. 4 homol. 2 homol. 

Totals 300 266 71 single 69 single 71 single 93 single 61 single 
19 homol. 28 homol. 16 homoL 50 homol. 20 homol. 

Total number of chromosomes involved in the associations is 631. Average number of chromosomes per association is about 2. 

se lected f rom the  to ta l  a m o u n t  coun ted  for t he  pa t ien t ,  
as a r ep resen ta t ive  ch romosomal  cons t i tu t ion .  Pho to -  
g raphs  were usual ly t aken  under  oil immers ion  objec t ive  
w i th  a 35 m m  camera.  P r in t s  of a p p r o x i m a t e  magnif ica-  
t ion  • 2500 were made  of t h e  chromosomes ,  which  were 
t h e n  cu t  out  and ,  following as closely as possible the  
cr i ter ia  se t  ou t  b y  the  Denver  H u m a n  Chromosome S t u d y  
Group (1960) and the  L o n d o n  Conference (1963), were 
s tuck  on a card in the i r  respect ive  groups.  

The grea tes t  possible care was t aken  wi th  the  karyo-  
t yp ing  of t he  cells, and usual ly  all k a r y o t y p e s  in th is  
l abo ra to ry  were checked b y  th ree  individuals .  In  the  
ma jo r i t y  of the  ka ryo types  no dif f icul ty  was m e t  in ident i-  
fying ch romosome  m e m b e r s  of d i f fe rent  groups.  The 
ident i f ica t ion  of the  acrocentr ic  chromosomes ,  on which  
the  p re sen t  s tudy  was  very  m u c h  dependen t ,  absorbed  a 
lot  of a t t en t ion ,  and  a grea t  deal  of t ime  was spen t  t ry ing  
to iden t i fy  indiv idual  pairs  of these  chromosome groups.  
We  found a s ignif icant  va r i a t ion  in the  sizes of the  three  
pai rs  of chromosomes .  Normal ly  No. 15 was t h e  smal les t  
w i t h  No. 14 larger and  No. 13 the  largest  of the  group. 
This  cr i ter ion has  been  used in the  ka ryo types  to dis- 
t inguish  be tween  these  ch romosomes  and  also Nos. 21 and  
22. D a t a  were ob ta ined  f rom a rou t ine  set  of pa t ien ts ,  
the i r  k a r y o t y p e s  being cons t ruc ted  w i t h o u t  th is  s t u d y  in 
mind.  

Results. Resul t s  were d iv ided  in to  four  d i s t inc t  groups 
according to  age. The resul t  ob ta ined  f rom each Table 
for each age group was r a the r  small,  hence  the  results  
were pooled as shown in Table  II .  The  average associat ion 
per  cell was 0.88 as compared  wi th  1.32 observed  by  
FROLAND from over  6000 cells. 

The frequencies  of each indiv idual  m e m b e r  of the  acro- 
centr ic  group were  71 in 631 (11.2%) for ch romosome 
No. 13, 69 in 631 (10.9%) for No. 14, 71 in 631 (11.2%) 
for No. 15, 93 in 631 (14.7%) for No. 21, and  61 in 631 
(9.6%) for ch romosome  No. 22. The frequencies  for the  
homologous  chromosomes  were 6.02% for No. 13, 8.9% 
for No. 14, 5.7% for No. 15, 15.8% for No. 21, and  6.3% 
for ch romosome  No. 22. The  resul ts  are t a b u l a t e d  in 
Table  I for comparison.  

For  the  single chromosomes  the  f requencies  appea r  to 
be equal  excep t  in  t he  case of No. 21 which  occurs w i th  
a h igher  f requency.  The homologous  pairs  also occur  wi th  
equal  f requency  excep t  No. 21 again,  which  occurs w i th  a 
f requency  twice  as great .  

These resul ts  show t h a t  the  indiv idual  acrocent r ic  
ch romosomes  occur w i th  a grea ter  f requency  in sa te l l i ted 
associat ions t h a n  in the  homologous  chromosomes .  For  
single and  homologous  chromosomes  the  frequencies  in 
each group are the  same excep t  in the  case of No. 21. 

Conclusion. Prov ided  t h a t  our  ident i f ica t ion  of these  
ch romosomes  is correct ,  the  p resen t  s tudy  shows t h a t  all 
the  acrocentr ic  chromosomes  do par t ic ipa te  in satel l i te  
associat ions.  Also non-homologous,  single, and  homolo-  
gous ch romosomes  all t ake  p a r t  in exhibi t ing th is  p h e n o m -  
enon,  and  the  frequencies  for s ingle and  homologous  
ch romosomes  f rom each group is equal,  except  for No. 21. 
All these  observa t ions  are in d i sagreement  wi th  the  d a t a  
publ i shed  by  REITALU. This  d iscrepancy m u s t  have  
arisen, no doubt ,  f rom the  ident i f ica t ion  of the  ind iv idua l  
chromosomes .  Fo r  all inves t iga t ion  of th is  sor t  to be 
under t aken ,  a t t e m p t s  m u s t  be made  to  iden t i fy  the  indi-  
v idual  chromosomes .  We  consider  the  degree of error  in 
iden t i f ica t ion  m u s t  be the  same as in REITALU'S observa-  
t ions, hence  the  difference in results  could be due to  tech-  
n iques  b y  which  the  ch romosomes  were prepared.  

The s ignif icance of satel l i te  associat ion has  been  dis- 
cussed by  FERGUSON-SMITH and  HANDMAKER 3. Da ta  are 
now p re sen t ed  to  show t h a t  homologous  chromosomes ,  
as well as the  non-homologous  chromosomes ,  m a y  be 
involved in satel l i te  associat ion and  non-dis junct ion ,  
ch romosome  breaks,  and  t rans locat ions .  

Rdsumd. On pr6sente ici les r@sultats de l ' ex amen  de 
trois  cen ts  cellules h u ma i n es  m~taphas6es  afin de d6mon-  
t r e r  que dans  le ka ryo type  humain ,  tous  les acrocent r iques  
on t  une p a r t  act ive dans  l 'associat ion des satell i tes.  Les 
ch romosomes  acrocent r iques  homologues  aussi b ien que 
les ch romosomes  acrocent r iques  non-homologues  la issent  
voir  ce ph6nom@ne avec des Ir@quences r e l a t i v e m e n t  
hautes .  
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