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Summary. Aspira t ion  of the  one femoral  bone mar row caused a s ignif icant  rise of the  cell populat ion,  a r res ted  in 
co lchic ine-metaphase  b o t h  of the  bone mar row from the  o ther  femur  and of the  thymus .  

In  an earlier r epo r t  ~, the  au thors  of the  p resen t  paper  
have  shown t h a t  t ib ia  and femoral  f ractures  in growing 
ra ts  s t imula te  bone marrow and t h y m u s  to increased 
mi to t ic  ac t iv i ty  dur ing the  first  2 or 3 days  af ter  the  
fracture.  The bone consists,  however ,  of two di f ferent  
coher ing tissues, the  bone  t issue itself and the  bone 
marrow,  i t  would be of in teres t  to know whe the r  the  
mi to t ic  ac t iv i ty  is increased solely by  damage  to the  bone 
marrow.  I t  is possible to evacua te  mos t  of the  bone mar-  
row from the  femoral  medul la ry  canal  via a small  hole 
in the  in te rcondyla r  groove, which  mus t  be cons idered  a 
qui te  insignif icant  bone t r auma .  

Material and methods. Inb red  ra ts  of Sprague Dawley  
s t ra in  weighing be tween  100-120 g were used, d ivided 
in to  2 groups:  one contro l  (5 rats) and one exper imenta l  
group. On the  animals  belonging to the  exper imenta l  
group, a p in -po in t  a r t h r o t o m y  was made  of the  r ight  knee 
joint .  A needle was inser ted  th rough  the  top  of the  femoral  
in te rcondyla r  groove, and the  femoral  bone mar row was 
aspira ted.  The procedure  was per fo rmed  under  e ther  
anesthesia ,  which  also was given to the  animals  of the  
contro l  group. The rats  were t hen  kep t  in cages wi th  food 
ad l ibi tum. 

In  the  exper imen ta l  group the  animals  were killed after  
1, 2, 4 and  7 days  (5 ra t s  a t  each time). The ra ts  were 
given i. p. in ject ions  of colchicine each (0.2 mg/100 g 
animal),  the  f i rs t  6 h and the  last  3 h before the  ra t s  were 
killed by  ether.  The reason for 2 inject ions of colchicine 
was to p r even t  the  escape of cells in me taphase  f rom the  
init ial  block. All animals  were given the  inject ions a t  the  
same t ime (the first  in ject ion 08.00-8.30 h in order  to 
avoid the  circadian f luc tua t ions  in mitot ic  ac t iv i ty  of 
bone mar row and t h y m u s  2. 

Groups  of normal  ra t s  and ra ts  wi th  bone mar row 
aspi ra t ions  were used for h e m a t o c r i t  de te rmina t ions .  The 

�9 t h y m u s  gland and  the  left  f emur  were removed.  Thymo-  
cyte  and the  bone mar row cell suspensions Were p repared  
in a ba lanced glucose salts  m e d i u m  (5.5 m M  glucose, 
5.0 m M  KC1, 0.63 m M  CaC12, 1.0 mM MgSOa, 5.0 m M  
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Semilogarithlnie diagram showing the percentage of total cells in 
eolchlcine-metaphase in intact bone marrow and thymus after 
aspiration of bone marrow from the other femur. 

Na~HPO4, 120 m M  NaC1, 5.0 m M  Tris buffer  (pH 7.2)). 
The t h y m o e y t e  suspension was prepared  by  mincing the  
gland in the  med ium wi th  scissors, the  resul t ing suspension 
being f i l tered t h ro u g h  gauze. To prepare  the  suspensions 
of bone mar row ceils, the  ends of femur  were r emoved  
and the  core of mar row was 'washed  out '  wi th  1.5 ml of 
the  medium,  and t h e n  dispersed by  passing the  t issue 
several  t imes  th rough  a syringe wi th  an 18-gauge needle. 
Then b o t h  t h y m u s  and  bone mar row suspensions were 
gent ly  cent r i fugated .  

Samples of the  cell suspensions were placed on slides, 
immedia te ly  fixed in alcohol, and s ta ined in h e m a t o x y l i n  
eosin. The slides were scored for the  percentage  of t he  
to ta l  cell popula t ion  in metaphase .  Each  p repara t ion  h a d  
2 slides and on each at  least  500 cells were counted  (a 
to ta l  of a t  least 1000 cells were counted) .  During the  
count ing  procedure  the  slides were labelled in code. 

Result. The mi to t ic  index in the  control  group was in 
bone mar i o w  14,7% and in t h y m u s  5,4%. In  the  bone 
mar row aspira ted group mi to t ic  ac t iv i ty  was increased 
in bone mar row cell suspension f rom the  left femur, b o t h  
1 and 2 days  af ter  the  aspi ra t ion compared  wi th  the  
control  group (p<0.001) ,  t hen  re tu rned  to s l ight ly under  
the  normal  value on the  4th day  and remained  there  on 
the  7th day.  The t h y m u s  ceils, a r res ted  in metaphase ,  
increased af ter  1 day  wi th  25% (0 .01>/ )>0 .001)  and  
then  slowly decreased towards  the  normal  value on the  
7th day  (see Figure). 

The hematoc r i t e  in the  contro l  an imal  groups was 
49.7%, and, af ter  1 and 2 days, 47.3 and 48.1% (no 
s ta t is t ica l  difference). 

Discussion. The p resen t  inves t iga t ion  shows t h a t  
damage  to bone mar row in young ra ts  causes an increase 
of the  mi to t ic  ac t iv i ty  of b o t h  t h y m u s  and bone mar row 
of an in t ac t  bone. The bone mar row was evacua ted  via  
an insignif icant  hole in the  in te rcondyla r  groove in the  
knee jo in t  af ter  a p in-po in t  a r t h ro tomy .  The result  is of 
the  same type  bu t  quan t i t a t i ve ly  a l i t t le less t han  af ter  
f ractures  of t ib ia  or femur  in ra ts  1. We considered the  in- 
increased mi to t ic  ac t iv i ty  af ter  f ractures  to be due to 
release of mitogenic  kinins f rom the  t r a u m a  site a,~. I t  is 
possible t h a t  the  same mechan i sm appears  in th is  ex- 
pe r imen t  with pure  mar row t rauma .  

There  are, however,  o ther  th ings  to consider  when dis- 
cussing the  s t imula t ion  of mitoses in bone mar row and  
t h y m u s  af ter  damage  to bone marrow.  A great  a m o u n t  
of research has been carried out  by  Canadian groups on 
the  effect  of hypercalcemia ,  especially increase of ionized 
calcium. In jec t ions  of calcium, p a r a t h y r o i d  hormone ,  

1 A. HULTtI and O. JOHNELL, Clin. orthop., to be published. 
2 N. H. HUNT and A. D. PERRIS, J. Endocr. 62, 451 (1974). 
a R. H. RIXON, J. F. WHIT~IELD and J. BAYLISS, Horm. Metab. 

Res. 3, 279 (1971). 
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exp. Biol. Med. 133, 1270 (1970). 
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E D T A  ~-~ and s t andard ized  bleedings s, give abou t  the  
same effect  of raised mitose  f requency  of bone mar row 
and thymus .  In  the  two l a s t -men t ioned  exper imen t s  the  
hyperca lcemia  is secondary  to an init ial  hypocalcemia.  
The Canadian  scient is ts  make  it ev ident  t h a t  the  para-  
thy ro id  glands  are inves ted  wi th  the  superior  control l ing 
funct ion  of t he  mi to t ic  level of t h y m u s  and  bone marrow.  
In  our exper iments ,  however ,  the  bleeding caused by the  
bone mar row aspi ra t ion  was insignificant.  

The concep t  of chalones,  on which a major  l i tera ture  
exists  9, migh t  also yield an explana t ion  of the  mi to t ic  
s t imulat ion.  Chalones are mi to t ic  inhibi tors  normal ly  
fixed to  the  cell membranes ,  bu t  which are t h o u g h t  to 
fall off, e.g. a t  t r auma t i c  incidents.  

This repor t  is mere ly  prel iminary,  seeing t h a t  w i t h o u t  
fu r the r  research it is impossible to  say in which  w a y  the  
s t imula t ion  of mi toses  is media ted .  

5 j .  p. MACMANUS and J. F. WHITFIELD, Endocrinology 86, 934 
(1970). 

6 A. D. PERRIS and J. F. WHITFIELD, Nature, Lond. 216, 1350 (1967). 
7 A. D. PERRIS, J. ~'~ YVHITFIELD and R. H. R l x o x ,  Radia t .  Res. 32, 

550 (1967). 
8 A. D. PERRIS, J.  P. ~AC~/~ANUS, J. ];. WHITFIELD and L. A. WEISS, 

Am. J. Physiol. 220, 773 (1971). 
9 T. RYT/JMAA, Ann. clin. Res. 2, 95 (1970). 

A Transmission and Scanning Electron Microscope Study of Primary Neural Induction 
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Summary. Normal  p r ima ry  neural  induct ion  has been fur ther  s tud ied  by  TEM and SEM. A single mesode rm cell is 
usually in con tac t  wi th  several  ec toderm cells. The mesoderm ceils are also contac t ing  o ther  mesode rm cells. I t  is 
suggested t h a t  ec toderm cells are induced in groups and t h a t  induct ion  is synchronized  by  these contacts .  At  the  
poin ts  of con tac t  be tween  mesoderm and ec toderm cells cy toplasmic  changes  are p resen t  in the  induced tissue. 

P r i m a r y  neural  induc t ion  has been shown to  occur in 
the  ve ry  early stage-5 chick embryo  4,~. At  th is  po in t  in 
d e v e l o p m e n t  the  ec toderm layer immedia te ly  an te r ior  to 
Hensen ' s  node has th ickened.  The p r e sumpt ive  no tochord  
mesode rm cells are also p resen t  as a mass ven t ra l  to th is  
area of th ickened  ec toderm and recent  s tudies  by  scanning 
eleccron microscopy have  d e m o n s t r a t e d  t h a t  the  meso- 
de rm and ec toderm cells are apposed at  the  t ime of 
induct ion  6. 

The ec tode rm and  mesode rm cells have  now been ex- 
amined  at  the  t ime  of neural  induct ion  using bo th  the  
SEM and TEM to ob ta in  a more  deta i led  assessment  of 
the  u l t ras t ruc tura I  features.  Par t icu lar  a t t en t i on  has been 

paid  to the  cellular contac ts  and the  changes in t he  cyto-  
p lasm at  the  junc t iona l  regions. 

Materials and me,hods. White  leghorn chick embryos  
were incuba ted  at  37.5 ~ unti l  s tage -5  v. The eggs were 
then  opened and  the  embryos  cut  off the  yolk and moun t -  
ed by  New Culture s . The specimens were immed ia t e ly  
placed in KARNOVSKY'S 9 f ixat ive for 12 h. They  were 
t h e n  buffered in Cacodyla te  buffer  1~ for 12 h. 

S E M  preparation. A nar row fracture  was d i rec ted  across 
the  area pel lucida immedia te ly  anter ior  to H en s en ' s  node. 
This exposed the  ec toderm,  mesoderm,  and en d o d e rm in 
the  region to be s tudied.  In  two specimens  the  mesode rm 
layer  was sheared off s l ight ly caudad  to the  ec toderm 

Fig. 1. The three embryonic layers anterior to Hensen's l~ode. EC, Fig. 2. The fibrils and filopodia on the ventral ectoderm layer. EC, 
ectoderm; MS, mesoderm; En, endoderm. • 219. ectoderm; MS, inesoderm, x 11,000. 


