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H aem atopoietic red marrow being located in bone is a fact to w hich we 
are so accustom ed that the relationship between bone and red marrow is often  
regarded as a m erely topographic one.

Our recent investigations, together with some previous data have shown  
th a t bone and haem atopoietic m arrow are connected not only topographically  
but they  represent an anatom ical, physiological, pathological and even a thera
peutical unit.

In our investigations on rickets we observed th at young rats fed on a 
rachitogenic diet generally becam e anaemic as soon as the signs o f severe rickets 
m anifested them selves. It is well known that anaem ia occurs in  association  
w ith severe rickets, but it still seem ed interesting to carry out experim ents for 
studying the anaemia developing in rickets (Krompecher, G. Lelkes, 
В. Galamb, Б. K erner [6]).

One group (10 animals) o f you n g rats (4 weeks old, weighing 30 g each) 
were fed on a rachitogenic diet (m odified McCollum’s d iet, containing 75%  corn- 
grits, 15% delubricated wheat bran, 3% CaC03, 1% salt, mixed w ith distilled  
water).

A similar group of rats received the same diet. T hey were kept in a sim ilar  
cage in the sam e room as the previous group. The only difference was th a t this 
second group instead of 3 g o f C aC 03 received 3 g o f  fresh powdered eggshell. 
The antirachitic effect of eggshell has been previously demontrated [5, 1, 6].

The third group served as control (normal diet). The curve of the body- 
w eight showed a significant increase in the eggshell group.

As regards the behaviour o f  red blood corpuscles it has to be m entioned  
that in our clim ate in rats 4 w eeks old the average red blood corpuscle count is 
4 700 000. In four weeks this norm ally rises by %  m illion, to increase later to 
above 6 m illion per cu. mm. In contrast with this physiological increase o f  the 
red blood corpuscle count, no increase was observed in rats fed on McCollum’s 
rachitogenic diet (2 in Fig.). M oreover, after 4 weeks, when the signs o f  severe 
rickets had already m anifested them selves, the red blood corpuscle count showed  
a remarkable decrease to 3 and h a lf million. On the other hand, the group which
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received  eggshell and w as thus protected from  rickets, showed as early as in the 
fourth  week of treatm en t an increase o f the red blood corpuscle count to over 
6 m illions (1 in Fig.) surpassing not only th e  CaC03 group, but even that of 
th e  normal controls (3 in  F ig.) Repeating tw ice th is experim ent similar signi
f ic a n t  differences were obtained .
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Fig. 1

Protection against rickets in the rats in  the eggshell group was verified 
b y  experiments perform ed in  1952— 53 in vo lv in g  the line-test, the histologic 
picture of the epiphyseal cartilage, body w eigh t, bone length and weight, Ca 
and P  content, bone te n a c ity , general aspect, behaviour and m ovem ent o f animals. 
A n  increase on the red b lood  corpuscle count w as in  every experim ent connected 
w ith  the successful p rotection  from rickets. W e m ade investigations to find out 
th e  cause of the increase in  th e  red blood corpuscle count and also to  determine 
w hether eggshell w ould conta in  any haem atopoietic factor (V itam in B 12, etc.) 
T hese attem pts, however, failed  and the only constant finding was the connection  
o f  good haem atopoietic function  with the healthy  and well-built bone system .

It seemed thus n ecessary  to study the anatom ical, physiological and patho
lo g ica l connections betw een  bone and haem atopoietic red marrow.

I t  is the merit o f  R öhlich— (Yekebÿ) to  have dem onstrated in  a series of 
publications the anatom ical, vascular connection  between the com pact bone 
substance and the u nderly ing  red marrow. R öhlich— V erebÿ showed (1939) that 
th e  red marrow has a double vascular supply one through the artéria nutritia and 
another, indirect one, through the bone ( =  “ portal” blood-supply). He demon
stra ted  a considerable num ber o f veins of the com pacta to enter the sinuses of red 
m arrow . The compact bone substance and the underlying red bone marrow are 
th u s anatomically connected  (anatomical u n ity ). This connection was demon
stra ted  in a scheme b y  W alther (1948) and was confirm ed in  rats by  
F lied ner , Sandkühler and Stodtmeister (1956). It m ay be m entioned that 
R öhlich—Verebÿ (1939) m ade his observations in  young hum ans, dogs and cats.

H aving found the anatom ical connection, R öhlich—(Verebÿ) (1941— 42) 
m ade experiments to o b ta in  physiological proof o f  the connection betw een bone



BONE AND MARROW: OSTEO-HAEMATOPOIETIC ENTITY 3 5 3

and red marrow. After destroying the blood supply coming through the bone (by 
carving the compacta, leav in g  a layer o f 1 mm) so that the red m arrow received  
arterial blood only through the artéria nutritia , the haem atopoietic a c tiv ity  of 
the red marrow was not on ly  disturbed but even  stopped in the respective area. 
The artéria nutritia by itse lf did not prove sufficient to m aintain  haem ato- 
poiesis. This was direct proof o f the red marrow being dependent on the blood 
supply which passes through the bone.

As we know, bone building and bone resorption are continually occurring. 
It seem s probable that substances liberated during bone resorption are essential 
in haem atopoiesis. Röhlich— (Verebÿ) carried out further experim ents trans
planting tubular bones in to  m uscles ; very  soon granulation tissue entered into  
the m edullary cavity from both ends o f the tubular bone. The form ation o f new  
bone trabecules and that o f  haem atopoietic red marrow, however, occurred only  
after the perforating vessels had passed through the bone wall and had thus 
entered the marrow ; another evidence o f the im portance of the vascular connec
tion between bone and bone marrow. Röhlich—Verebÿ postulated the ex istence  
o f a substance deriving from bone inducing haem atopoiesis. The nature o f  this 
substance is not known. Levander, A nnersten , Lacroix and R oth [12] 
suggest it to be alcohol-soluble. D obi and Cseppentő (1955), h avin g  repeated  
the experim ents of Röhlich (Verebÿ), confirm ed his findings m odify ing  the 
im plantation of bone tubes —  keeping the bone before im plantation in  alcohol 
for 72 hours —  this osteopoietic and haem atopoietic agent seemed not to be 
present in the bone any more. This unknown substance — originating from  the 
bone, carried through the vessels to red marrow and exerting there a 
haem atopoietic activity —  was found to be soluble in alcohol.

These few data dem onstrate physiologically and experim entally the in ti
m ate connection between com pact bone and red marrow.

In spongious bone where bone building and resorption and haem atopoietic  
activ ity  occur at the very same place, their in tim ate connection is obvious.

This anatomical and physiological connection between bone and ihaem atc- 
poietic bone marrow clearly explains the pathological and therapeutical in ter
relation observed in our experim ents on rickets. Besides rickets th e  anaem ia  
occurring in Albers-Schönbergs (marble bone) disease and in cases o f  osteitis  
deformans (Paget) affirm s the significance o f th is unitiy.

Regarding this osteo-haem atopoietic en tity , we can summarize its  essence 
by stating  that in healthy bone there is a healthy red marrow with good haem ato
poiesis, whereas in diseased bone (e. g. rickets) there is a diseased m arrow with  
disturbed haematopoiesis.
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Summary

Bone and red m arrow  are  anatomically connected by  th e ir blood supply, since vessels 
of th e  compact bone en te r th e  sinuses of red marrow [7, 13, 3].

By the vessels some n o t y e t identified substance is physiologically transported from 
the hone to the marrow. This substance is necessary for haematopoiesis. Destroying in any 
w ay th e  connection betw een hone and marrow in w hich case the artéria nutritia  alone has 
to supply the marrow w ith  blood, makes haematopoiesis to  stop [8 11, 2]. In experim ental 
ricke ts  th e  disturbance of bone formation caused a d istu rbance of haematopoiesis (anaemia): 
pathological connection [6]. I f  b y  therapeutic means bone disease (rickets) was prevented 
anaem ia  did not develop: therapeu tic  connection [6].

Bone and marrow can th u s  be regarded as an osteohaematopoietic entity  connected 
anatom ically , physiologically, pathologically and therapeutically*.
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