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Fig. ! .  The spleen of a r a t  ~ aged 3 weeks,  phospha te  buffer,  in- 
cubat ion  for 90 min .  Pos i t ive  react ion in the l y m p h a t i c  bands  (a), the 

per i fol l icular  pa r t s  reac t  more fa in t ly  than  in F igure  I ( .\ 3;~). 
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Fig. 8. The  spleen of a mouse  ~ of 9 months ,  ace t a t e  buffer,  incu- 
bat ion for I'20 rain. Posi t ive  reac t ion  in the l ymph  node around which 
is seen an incomplete ,  s t rong ly  posi t ive  'per i fol l icular  ha lo '  (arrows) 

( :< 1oo). 

e s t ab l i shed  r egu la r ly  in mouse  spleena,6A ° a n d  these  islets 
p roduce  a pos i t ive  r eac t i on  in t he  a rea  of red  pulp .  

Mouse spleen r e p r e s e n t s  phy logene t i c a l l y  an  older  t y p e  
of spleen d o m i n a t e d  b y  l y m p h a t i c  t i ssue  a0. In  r a t  sp leen 
the  p r o p o r t i o n  of red p u l p  is g r e a t e r  a n d  t he  l y m p h a t i c  
t issue is a c c u m u l a t e d  in b a n d s  a r o u n d  t he  c e n t r a l  a r te r ies .  
These  l y m p h a t i c  nodu le s  showed  a s imi la r  pos i t i ve  L A P  
reac t ion  to  t h a t  of mouse  spleen.  The  'per i fo l l icu la r  col lar '  
is d i s t i n c t l y  fo rmed  in r a t s  and  t h e r e  are  seen in i t  re t i -  
cu lum cells a r r a n g e d  in a circle a n d  g iv ing  a pos i t ive  re- 
act ion.  A r o u n d  these  cells are o t h e r  r e t i c u l u m  cells 
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Fig. 4. The spleen of a mouse  ¢{ aged '2 weeks,  ace ta te  buffer, in- 
cuba t ion  for 1"2o lllin. Posi t ive react ion on ly  in the cen t ra l  ar ter ies  
and  close to them in the l y m p h a t i c  t issue (arrow~). The react ion i~ 
cons iderably  fa in ter  than  ill the pancrea t ic  t issue seen on the r igh t  

(.~ :~:~). 

a r r a n g e d  in a loose circle f i ) rming a 'per i f l ) t l icular  ha lo '  
wh ich  reac t s  more  weakly .  Schweigger -Se ide l ' s  s h e a t h e d  
a r te r ies  were n o t  e n c o u n t e r e d  in the  spleen of mouse  aml  
ra t .  

C o m p a r i s o n  of t h e  sp leens  of a n i m a l s  of d i f f e ren t  age 
showed  t h a t  the  pos i t ive  1.AP r eac t i on  was  f a i n t e r  in 
y o u n g e r  a n i m a l s  and ,  especia l ly  in mice, occu r red  in a 
n a r r o w e r  zone a r o u n d  the  c e n t r a l  ar ter ies .  C o m p a r e d  w i th  
the  o lder  an imals ,  t he  d i f fe rence  was especia l ly  c lear  in t he  
sp leens  of mice u n d e r  2--3 weeks of age a n d  of r a t s  less t h a n  
3 weeks  old. Th i s  o b s e r v a t i o n  concur s  w i t h  f ind ings  con-  
c e rn i n g  t h e  p h a s e s  of d e v e l o p m e n t  of t h e  l y m p h a t i c  t i ssue  
of t h e  spleen 10 

Zusamme~,/assztng. 1 .euc inaminopep t idase  wird h i s t c -  
chemisch  in de r  Milz von  Mttusen u n d  R a t t e n  u n t e r s u c h t .  
E ine  b e s o n d e r s  ausgepr / ig te  R e a k t i o n  zeigte sich in de r  
Z e n t r a t a r t e r i e n w a n d u n g  u n d  in den  u m g e b e n d e n  Ret i -  
cu lumze l l en  de r  weissen Pu lpa .  Im Bere ich  de r  r o t e n  
P u l p a  v e r h a l t e n  s ich n u r  die Inse ln  posi t iv ,  w~ihrend e ine  
ext ramedul l~i re  H / i m a t o p o e s e  v o r k o m m t .  
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l)epartment o/ Anatomy, l~niversity o/ Turku (Finland), 
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M i c r o c h r o m o s o m e s  i n  t h e  E m b r y o n i c  M i t o s i s  o f  

t h e  D o m e s t i c  F o w l  

A l t h o u g h  r ecen t ly  t he re  h a v e  been  a n u m b e r  of publ i -  
ca t ions  on t he  soma t i c  c h r o m o s o m e s  of h ighe r  v e r t e b r a t e s ,  
yet  cur ious ly  e n o u g h  on ly  a few repor t s  are  ava i l ab l e  on  
the  soma t i c  c h r o m o s o m e s  of t he  domes t i c  fowl. Ea r l i e r  
workers  l ike LECAILLON 1 a n d  HANCEI,3 p r o b a b l y  h a n d i -  
capped  by  t h e  i n a d e q u a t e  t e c h n i q u e s  a n d  i n h e r e n t  ref rac-  
to ry  n a t u r e  of t he  b i rd  ch romosomes ,  recorded  a corn-  

p a r a t i v e l y  smal le r  a n d  va r i ab l e  n u m b e r  of c h r o m o s o m e s  
t h a n  t h e  l a t e r  worker s  who  c o u n t e d  as m a n y  as  66 
(WHITE 4) a n d  78 (OHNO "~) c h r o m o s o m e s  in t h e  s o m a t i c  
cells of t h e  d o m e s t i c  fowl. 

I A.  LECA]LLON, C. R. SoC. Biol. ~;9, :~i (1910). 
R. T. HA~CF-, J.  Morph. Physiol .  4;~, 119 (192q;). 
R. "1". ]:lANCE, Biol. Bull.  5I ,  11:~ (1 :~; ) .  

4 M . J .  I). Wmx~:, .I- (;{'net. :~;, :~|.q (1~.};~2}. 
S. ()IINO, Chromosoma I f ,  Ix.! (|9{;I}, 
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J a p a n e s e  workers ,  as for i n s t ance  YAMASHINA 6, h a v e  
obse rved  in  t h e  mi to t i c  f igures  of t he  ma le  e i g h t  pa i rs  of 
large m a c r o c h r o m o s o m e s  s u r r o u n d i n g  62 m i c r o c h r o m o -  
somes.  NEWCO~aER 7"8, work ing  on  t he  mi to t i c  a n d  t h e  
meio t ic  c h r o m o s o m e s  of t h e  fowl has ,  however ,  d e e m e d  i t  
a p p r o p r i a t e  to  re lega te  t he  m i c r o e l e m e n t s  to  t h e  s t a t u s  
of n o n c h r o m o s o m a l  bod ies  or  ' c h r o m o s o m o i d s ' .  R e c e n t  
s tud ies  b y  VAN BRINK 9 KRISItAN 10 a n d  OHNO ~ on  t he  b i rd  
c h r o m o s o m e s  in genera l  a n d  fowl c h r o m o s o m e s  in pa r t i c -  
u la r  have ,  on  t he  o t h e r  h a n d ,  e s t ab l i shed  b e y o n d  d o u b t  
t h a t  the  m i c r o c h r o m o s o m e s  are  in no  way  n o n c h r o m o -  
somal ,  t h o u g h  t h e y  are  v e r y  sma l l  in  size a n d  h a v e  a 
s t rong  t e n d e n c y  to c lump.  

The  p r e sen t  i nves t i ga t i ons  h a v e  been  m a d e  on  e m b r y o s  
of 36-72 h i ncuba t i on ,  p r e t r e a t e d  in 0.259/0 colchic ine  for 
10-20 m i n  a n d  s u b s e q u e n t l y  s q u a s h e d  in ace to -ca rmine .  
T e m p o r a r y  as well as p e r m a n e n t  p r e p a r a t i o n s  were 
s tud ied  a n d  p h o t o g r a p h e d  u n d e r  a phase  c o n t r a s t  micro-  
scope. 

M a c r o c h r o m o s o m e s :  The  p r e s e n t  s t u d y  ha s  revea led  
six pa i r s  of m a c r o c h r o m o s o m e s  (Figure  1) easi ly d i s t in -  
gu i shab le  f rom t h e  mic roch romosomes .  The  macro-  
c h r o m o s o m e s  of t he  f i rs t  two  pairs ,  in o rde r  of size, are  
J - s h a p e d  bodies  w i th  a p r o m i n e n t  s u b m e d i a n  bend .  In  
some p r e m e t a p h a s e  p la t e s  t h e y  a p p e a r  as large rods  w i t h  
a s l igh t  cons t r i c t ion  in t h e  s u b m e d i a n  region (Figure  4). 
C h r o m o s o m e s  of t he  t h i r d  pa i r  a re  r o d - s h a p e d  e l e m e n t s  
w i th  no  vis ible  cons t r i c t i on  or  bend .  M a c r o c h r o m o s o m e s  
of t he  4 th  pa i r  are  also J - s h a p e d  b u t  wi th  a d i m i n u t i v e  
smal l  l imb  (Figure  6}. C h r o m o s o m e s  of t h e  f i f th  pa i r  a re  
t h e  on ly  V - s h a p e d  w i t h  a m e d i a n  b e n d  in t he  c o m p l e m e n t  
a n d  h a v e  b e e n  desc r ibed  as t he  sex c h r o m o s o m e s  by" 
SUZUKI u I n  t he  female  c o m p l e m e n t  t h e y  are  r ep r e sen t ed  
b y  a s ingle  V-shaped  b o d y  {Figure 6). C h r o m o s o m e s  of t h e  
s i x t h  pa i r  are  sma l l  rods  a n d  in m a n y  p la tes  c an  h a r d l y  be 
d i f f e r en t i a t ed  f rom the  l a rger  of t h e  mic roch romosomes .  

Mic roch romosomes :  YAMASHtNA ~ ha s  o b s e r v e d  62 
m i c r o c h r o m o s o m e s  besides  t he  e igh t  pa i rs  of macro-  
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Fig, I. Metaphase plate with 7 o chromosomes. > ~50. Fig. 2. Foc- 
ussing on this preparation has revealed 72 chromosomes (1~ macro 
and 61) mieroelements). Some of the larger mieroehromosomesshow 
a double ehromatid or dumb-bell structure. > s16. Fig. 3. Chromo- 
some plate with 63 elements, x 7'25. Fig. 4, Early mitotic plate with 
63 elements. "-.s50. Fig. 5. Premetaphase plate showing discrete 
maeroehromosomes with a partial ehunping of the mieroehromoso- 
rues. Focussing on this plate has revealed 69 elements, x lit j7. Fig. 6. 
.Metaphase plate from a female embryo showing the single 5th V- 

shaped sex chromosome. × 113:J. 
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Fig. 7. Idiogram showing the range of numerical variation in the 
somatic chromosomes. Nearly 50% of the plates show numbers be- 

tween 60 and 70. 

ch romosomes ,  whe reas  NEWCOMER 7,8 recognizes  on ly  six 
pa i rs  of m a c r o c h r o m o s o m e s  a n d  a v a r i a b l e  n u m b e r  of 
n o n c h r o m o s o m a l  ch romosomoids .  In  t h e  p r e s e n t  s tudy ,  
due  to t h e  smal le r  size of soma t i c  c h r o m o s o m e s  as com- 
p a r e d  w i t h  those  f rom t h e  e m b r y o n i c  gonads ,  t h e  7 th  and  
8 th  pa i r  of m a c r o c h r o m o s o m e s  could n o t  be effect ively 
d i f f e r en t i a t ed  f rom t h e  larger  of t h e  mie roch romosomes .  

Mic roch romosomes  v a r y  in size f rom t h e  s l ight ly  
e l o n g a t e d  spheru les  to  t h e  m i n u t e  dots .  In  some of the  
p l a t e s  t h e y  fuse to  form a g g r e g a t e  masses  (F igures  5 and  
6). Th i s  p h e n o m e n o n  is sure ly  to  be  t a k e n  as an  a r t i f ac t  
a n d  n o t  as  p o i n t i n g  to  t h e  n o n c h r o m o s o m a l  n a t u r e  of 
t he se  bodies.  In  F igure  2 some  of the  la rger  mic roch romo-  
somes  c a n  be  seen to  show a doub le  c h r o m a t i d  s t r u c t u r e  
m u c h  like t h e  la rger  m a c r o c h r o m o s o m e s ,  whi le  some 
o t h e r  m i c r o c h r o m o s o m e s  look like dumb-be l l s .  Th i s  ob- 
s e r v a t i o n  can  be  i n t e r p r e t e d  to  m e a n  t h a t  t h e  micro-  
c h r o m o s o m e s  regu la r ly  d iv ide  like t h e  m a c r o c h r o m o s o m e s .  

I n c o n s t a n c y  of c h r o m o s o m e  n u m b e r :  C o u n t i n g  ana-  
lysis of 30 well s e p a r a t e d  p la tes  has  revea led  a wide range  
of n u m e r i c a l  v a r i a t i o n  in t h e  s o ma t i c  mitosis .  \Vhereas  the  
lowest  recorded  n u m b e r  is 39 (11 macro-  a n d  28 micro-  
ch romosomes ) ,  t h e  h i g h e s t  is 76 wh ich  falls s h o r t  of the  
male  diploid  n u m b e r  b y  two  e lements .  No cell w i t h  sub-  
hap lo id  (less t h a n  39) was ever  e n c o u n t e r e d  in t h e  p resen t  
s tudy .  

N u m e r i c a l  v a r i a t i o n  da ta ,  col lected f rom p la tes  showing  
no  a p p a r e n t  t r ace  of o v e r l a p p i n g  or  c lumping ,  h a s  been  
p r e s e n t e d  in F igure  7. A m a j o r i t y  of the  p la tes  (509{,) 
r evea l  n u m b e r s  in t h e  r ange  of 60 to 70. I n c i d e n t l y  th i s  
r ange  of v a r i a t i o n  is one of t h e  h ighes t  r epo r t ed  so far  f rom 
t h e  e m b r y o n i c  t i ssues  of t h e  domes t i c  fowl. 

t n  a m a j o r i t y  of t h e  p la t e s  t h e r e  h a s  a p p a r e n t l y  b e e n  no  
v a r i a t i o n  in t h e  n u m b e r  of t h e  m a c r o c h r o m o s o m e s ,  the  
six pa i r s  (except  in  t ema te  where  t h e  5 th  is unpa i red )  be ing  
r egu l a r l y  p resen t .  E v e n  t h e  p l a t e  wi th  39 e l emen t s  reveals  
a c o m p l e t e  se t  of m a c r o c h r o m o s o m e s .  I n c o n s t a n c y  in  t he  
c h r o m o s o m e  n u m b e r  is, the re fore ,  m a i n l y  due  to  the  
f l u c t u a t i o n  in t h e  n u m b e r  of t h e  mic roch romosomes .  
Because  of t h e  t e chn i ca l  di f f icul t ies  i t  is n o t  poss ible  to  
a s c e r t a i n  w i th  c e r t a i n t y ,  w h e t h e r  th i s  i n c o n s t a n c y  is in- 
h e r e n t  in  t h e  ma te r i a l ,  l ike t h e  m a m m a l i a n  p a t h o g e n i c  

6 M. Y. YAMASHINA, Cytologia la, 270 (1944). 
7 E. H. NEWCO.~IER, J. Hered. t8, 227 (1957). 
s E. H. NEWCOMER, Cytologia g4, 403 (1959), 

J. M. vAN BRINK, Chromosoma 10, 1 (1959). 
10 A. KRISHAN, M. So. (Zool, Hons. Sch.} Thesis, Panjab Univ. (1959). 
zl K. SUzuKI, Jap. J. Genet. 15, 44 (1939). 
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and nonpa thogen ic  somat ic  mater ia l ,  or is caused by the 
clumping of some of the  smaller  microchromosomes .  

YaMASmNA 6 has repor ted  a cons t an t  diploid n u m b e r  of 
78 and 77 ch romosomes  from the  somat ic  and  the  germ 
cells of the  male  and  female respect ively .  NEWCOMER TM on 
the o the r  hand ,  describes the  mic rochromosomes  as non-  
chromosomal ,  the  diploid n u m b e r  for the  male and  female 
being 12 and 11 respect ively .  Recen t  s tudies  by  Van 
BRINK 9 0 n N o  ~ and KRISHAN lo have,  however ,  es tab l i shed  
the c h r o m o s o m a l  na tu re  of these  bodies,  t hough  the i r  
number ,  according to them,  is not  as cons t an t  as r epor ted  
by Japanese  workers.  The range of numerica l  var ia t ion,  
according to VaN BRINK 9 and OHNO 5, is f rom 67 to 82. 

I t  seems t h a t  the  haploid  c h r o m o s o m e  n u m b e r  in the  
male germ cells of the  domes t ic  fowl is 39 and  dev ia t ions  
from this  n u m b e r  may  be due to the  c lumping  of some of 
the microe lements ,  in  fact  KRINHAN 10 has recorded 39 
chromosomes  in more  t h a n  50% of the  first  meiot ic  me ta -  
phase p la tes  and  OHNO 5 has  found the  same number  in all 
the ten  p la tes  he counted .  Somat ic  cells, in con t r a s t  to  the  
germ cells, show a grea t  var ia t ion  in the  ch romosome  
number ,  which canno t  be a t t r i b u t e d  to c lumping  alone. 
This v iew is in c o n t r a s t  to t h a t  of MATTHEY and  VAN 
BRINK, a s  r epor ted  by  O n N o  5, who believe t h a t  the  micro- 

ch romosomes  ;ire not  i ncons t an t  in their  n u m b e r  but  t h a t  
their  exac t  d e t e r mi n a t i o n  is a difficult  technical  problem.  

It  looks probable  t h a t  the  mic rochromosomes  show a 
var ia t ion in the i r  n u m b e r  which wi thin  cer ta in  limits is 
inheren t  in the  mater ia l  bu t  beyond  t h a t  is caused by our  
technical  failure to p r e v e n t  the  ch lmping  of these  refrac- 
tory  bodies l~ 

Zusammen/assung. l~eschreibung der  soma t i scheu  Chro- 
mosomen  des Haushuhns  nach Co lch ic inbehandhmg.  l)ie 
Chromosomenzah l  schwauk t  zwischen 39 und 76. 50% der  
C h r o m o s o m e n p l a t t e n  haben  Zahlen zwischen 60 und 711. 
I)ie Makrochromosomen  zeigen keine . . \bweichung in der  
Zahl. l)ie Zahlvar ia t ionen  siud haupts i ichl ich  durch  die 
Mikrochromosomen bedingt .  

.\. KRISttAN 

Deparlraen! ot Zoology, t>a~z/ab l'ni*,ersity, Chandigarh 
(Pun/ab, lndia), .4pril I4, 1962. 
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R o l e  o f  C e l l  D i v i s i o n  i n  G a s t r u l a t i o n  o f  t h e  

H e m i r a m p h i d  Dermogenys pusillus V a n  H a s s e l t  

Morphogene t ica l  m o v e m e n t s  in gas t ru la t ion  of the  
Cypr inodon ts  Fundulus heteroclitus and Xiphophorus hel- 
levi occur  in a normal  fashion in cases in which cytokines is  
is p r even t ed  by  t r e a t m e n t  wi th  the  an t imi to t i c  alkaloid 
colchicine 1,2 To es tab l i sh  whe the r  a more  general  signifi- 
cance should poss ib ly  be a t t a c h e d  to th is  p h e n o m e n o n ,  a 
cor responding  inves t iga t ion  was per fo rmed  wi th  the  half- 
beak Dermogenys pusillus Van Hassel t  ( t l emi ramphidae ) .  
For  th is  purpose  p r e g n a n t  females  in the  first  phase  of 
ges ta t ion  were in jec ted  in t raper i tonea l ly  wi th  0.5 ml of 
0 .001M cotchicine solut ion.  As in Fundulus and Xipho- 
phorus 2 dur ing  gas t ru la t ion  in s tage 12 (beginning gas- 
trula), 13 (advanced  gastrula) ,  14 ( fur ther  advanced  
gastrula) and  15 (closure of blas topore)  bo th  t r ea ted  and 
control  females  were killed by  decap i t a t ion  and the  
ovaries were  fixed in Bouin ' s  fluid. The b l a s tode rms  were 
sect ioned at  5 [x and  s ta ined  wi th  He idenha in ' s  iron 
haematoxy l in .  The mi to t ic  indices represen t ing  the  rat io 
of cells in mitosis  to  the  to ta l  n u m b e r  of cells and ex- 
pressed as %,  were d e t e r m i n e d  in each b ta s tode rm on the  
basis of cell coun t s  of the  sect ions.  As in Funduhts ~ and 
Xiphophorus 2, also in Dermogenys a the  colchicine t rea t -  

merit  did not  have  a n y  a p p a r e n t  effect  on  gas t ru la t ion ,  
which was similar  to t h a t  in contro l  b l a s tode rms  and 
consequen t ly  morphologica l ly  normal .  In the  colchicine- 
t r ea t ed  b las toderms ,  typical  c-mitoses  were observed .  On 
the  s t r e n g t h  of t he  mi to t ic  index d e t e r m i n a t i o n s  for 
co lch ic ine- t rea ted  and contro l  b las toderms ,  the  n u m b e r  of 
c-mitoses  increased,  indica t ing  tha t  mitosis  was comple te ly  
blocked.  The resul ts  a r eg iven  in t he  Table.  Thus,  in s tage l 5 
37.4°. o of the  cells are  in mitosis ,  while the  mi to t ic  indices 
of cont ro l  b l a s tode rms  are re la t ively  low dur ing  gas t ru-  
lation. Consequent ly ,  also in ear ly  morphogenes i s  cell 
division can be d ismissed as a causa t ive  fac tor  and 
a p p a r e n t l y  provides  only  mater ia l  for morphogene t i c  
m o v e m e n t s  4. These  resul ts ,  co r re spond ing  very well wi th  
the f indings of KESSEL 1 ob ta ined  wi th  Fundulus and 
therefore  of more  general  impor tance ,  are no d o u b t  an 
a r g u m e n t  for the  view t h a t  gas t ru la t ion  is a p rob lem of 
mass  m o v e m e n t s  a n d  not  of g rowth  s,6` 

Zusammen/assung. Mit Colchicin wird die l{edeutung 
der  Mitose fiir die ( ; a s t ru la t ion  des H e m i r a m p h u s -  
Fisches Dermogenys pnsilhts Van Hassel t  aufgeklfirt .  

A.  STOi.b: 

Mitotic indices of colchicine-treated and control elnbrvos of Dermo- 
genys pusillus. Stage P2 = beginning gastruta, la = advanced 
gastrula, 14 further advanced gastrula, 15 = closure of blastopore. 

Department o / H i s t o l o g y ,  Free I rni~'ersily, .4 msterdam ( The 
Netherlands), Apri l  .1, t962. 

Mitotic index {%} 
Stage Colchicine treatment Control 

12 6.X 2.1 
13 15.9 2..~ 
I-1 09.7 :t.0 
15 37.,1 3.5 
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