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Previous papers [1, 2, 3, ] have ind ica ted  the inf luence of the nervous system on the course of the blood 

forming process in the bone marrow. The presence of nerve  receptors [4] in bone marrow tissue confirms the 
possibi l i ty  of d i rec t  inf luence by the nervous system on bone marrow blood formation.  In this connect ion i t  is 

without question necessary to take into account the inf luence of the products of exc i ta t ion  of the v e g e t a t i v e  

nervous system on the b lood-forming process.  

The theory of the chemica l  nature of nervous exci ta t ion  is an in tegra l  par t  of the general  theory on the 
tropic inf luence of the nervous system, a theory based on the works of L M. Sechenov,  S. P. Botktn, and I. P. 
Pavlov.  It is necessary to consider that  the regulatory inf luence of the nervous system on blood formation is also 
effected by means of l ibera ted  humeral  executants of nervous influences.  From the l i te ra ture  i t  is known that  

denervation of the organs produces in them considerable sensi t izat ion to the mediators .  A s imi lar  manifestat ion 
of hypersensi t izat ion of the b lood-forming organs in re la t ion to the mediators after denervat ion of the bone 

marrow may also occur.  

In the present work the objec t  was to study the b io logica l  properties of the bone marrow cel ls  in tissue 
cultures upon subject ing them to the ac t ion  of ace ty lchol ine  and adrenal ine .  In a specia l  series of inves t igat ions  
the inf luence exerted on the isolated cel ls  of the previously denervated bone marrow by sympathicot ropic  and 

parasympathicot ropic  substances obtained by chemica l  means was studied. 

The work was performed on the cat  bone marrow. Denervation was carried out according to the method 

described by  us in the previous papers [1, 2]. 

Cultures of the bone marrow were p l aced  as a hanging drop on a glass cover and also in Carrel  dishes. In 

the first case the substances under study (ace ty lchol ine  and adrenal ine)  were added to the nut r ient t  p lasma ,  in 
the second to the l iquid phase used t o  wash the specimens of the  bone marrow. 

The effect  of various at tenuations of ace ty lchol ine  and adrenal ine  was studied. However,  taking into 
account  the diphasic act ion of adrenal ine i t  was used only at  large attenuations ( 1:1,000,000).  Acety lchol ine  

and adrenal ine  were di luted in Ringer solution. 

The cultures were then studied in a l iving and fixed s ta te .  At  various t imes of cu l t iva t ion ,  smears from the 
central  portions of the cultures were prepared according to the me thod  of A. D. Timofeevsky.  Before set t ing up 
the cultures the ce l lu lar  e lements  of the bone marrow were calculated,  and the cells in the smears prepared from 
the cultures at  various t imes of explanta t ion were ca lcu la ted .  

The mate r i a l  was fixed by methyl  a lcohol  and stained with azure II eosin. 

Study of the culture of the normal  bone marrow on addi t ion of ace ty lcho l ine  showed that  i t  creates favorable  

conditions for the deve lopment  of bone marrow ceils  in the tissue cul ture .  At various t imes of cul t ivat ion,  ce l ls  
were cons tan t ly  found at  a l l  stages of different ia t ion.  In the granulopoiet ic  series a cer ta in  s t imula t ion  of the 

processes of different iat ion was noted.  This was expressed in intensif ied format ion of myelocytes  and par t i cu la r ly  

rod-nuclear  and segment -nuc lea r  granulocytes.  

1054 



T
A

B
L

E
 

1 
In

fl
ue

nc
e 

of
 A

ce
ty

lc
ho

li
ne

 a
nd

 A
dr

en
al

in
e 

on
 t

he
 B

lo
od

 F
or

m
in

g 
C

el
ls

 o
f 

th
e 

B
on

e 
M

ar
ro

w
 i

n 
T

is
su

e 
C

ul
tu

re
sA

dr
en

al
in

e*
 

O
 

O
a 

D
es

ig
na

ti
on

 o
f 

ce
ll

s 

R
et

ic
ul

ar
 

H
em

oc
yt

ob
la

st
s 

M
ye

lo
bl

as
ts

 
M

ye
lo

ey
te

s 
ne

ut
ro

ph
il

s 
M

ye
lo

cy
te

s 
eo

si
no

ph
il

s 
Y

ou
ng

 n
eu

tr
op

hi
ls

 
Y

ou
ng

 e
os

in
ip

hi
ls

 
R

od
 n

uc
le

ar
 n

eu
tr

op
hi

ls
 

R
od

 n
uc

le
ar

 e
os

in
ip

hi
ls

 
S

eg
m

en
t 

ne
ut

m
ph

il
s 

S
eg

m
en

t 
eo

si
ni

ph
il

s 
Ly

rn
ph

oc
yt

es
 

M
eg

ac
ar

io
cy

m
s 

P
la

sm
at

ic
 

P
ol

yb
la

st
s-

m
ac

ro
ph

ag
e 

P
ro

er
yt

hr
ob

la
st

s 

B
as

op
hi

l 
er

yt
hr

ob
la

st
s 

P
ol

yc
hr

om
at

op
hi

l 
er

yt
hr

o 
bl

as
ts

 
N

or
m

ob
la

st
s 

T
ot

al
 w

hi
te

 c
el

ls
 

T
ot

al
 r

ed
 c
el
ls
 

B
o
n
e
 

m 
ar

ro
w

 
in

 %
 

0.
25

 
0.

5 
2.

75
 

7.
5 

1.
5 

17
.5

 
1.

5 
6.

0 
3.

75
 

0.
25

 
0.

5 
12

.5
 

1.
25

 
1.

25
 

2.
5 

1.
5 

1.
0 

2.
5 

5.
5 

83
.7

5 

do
nt

ro
l 

0.
25

 
4.

0 

6.
5 

1.
25

 
29

,2
5 

0.
5 

27
.7

5 
1.

5 
1.

25
 

0.
25

 

7.
75

 
0.

75
 

1.
25

 
8.

5 
2.

75
 

2.
25

 

1.
5 

1.
75

 

80
.7

5 

10
.5

 
l 

8.
25

 

5 
ho

ur
s 

af
te

r 
in

tr
od

uc
ti

on
 

in
%

 
ac

et
y

l-
 

ad
re

na
li

ne
 

ch
ol

in
e 

1;
5 

12
.7

5 
2.

0 
29

.2
5 

0.
5 

39
.5

 
2.

5 
1.

5 

0.
5 

1.
25

 
3.

25
 

1.
25

 

2.
0 

1
.0

 
1.

25
 

Bo
ne

 m
ar

ro
w 

cu
lt

ur
es

 

90
,0

 

5.
5 

*A
ce

ty
lc

ho
li

ne
 a

nd
 a

dr
en

al
in

e 
at

 a
n 

at
te

nu
at

io
n 

of
 1

:5
,0

00
,0

00
 

2.
25

 
9.

25
 

0.
5 

18
.0

 

0.
25

 
19

.0
 

co
nt

ro
l 

0.
5 

10
.0

 
3.

0 
17

.0
 

4.
0 

29
.5

 

18
 h

ou
rs

 a
ft

er
 i

nt
ro

- 
du

ct
io

n 
in

 %
 

I0
.0

 
2.

5 
12

.0
 

3.
0 

23
.0

 
1

.0
 

32
.5

 

ad
re

na
li

ne
 

1.
0 

8.
0 

1.
5 

20
.5

 
0.

5 
20

.5
 

co
nt

ro
l 

2.
5 

17
.0

 
2.

5 
22

,0
 

14
.5

 
20

.0
 

48
 h

ou
rs

 a
ft

er
 in

tr
o-

 
du

ct
io

n 
in

 %
 

ac
et

yl
- 

ad
re

na
li

ne
 

cl
io
li
ne
 

1.
0 

1,
5 

13
,5

 

17
.0

 
1.

0 
24

,0
 

2.
5 

1.
0 

9,
5 

5.
0 

1.
0 

1.
5 

2.
5 

4.
5 

0.
5 

0.
5 

1.
5 

3.
5 

7.
5 

22
.5

 
2.

5 

_ 
0.

5 

1.
5 

0.
5 

1.
0 

2.
5 

81
.5

 
69

.0
 

9.
0 

3.
5 

1,
0 

3.
0 

13
.0

 
1.

5 
20

,0
 

2.
0 

25
.0

 
4.

0 
1.

0 
m

 3.
75

 

3.
25

 
34

.0
 

0.
5 

1.
0 

3.
0 

0.
25

 

58
.0

 

4.
75

 

4.
5 

2.
0 

3.
0 

8.
0 

3.
0 

3,
0 

1.
0 

1,
5 

2.
5 

2.
0 

9.
O

 
4.

O
 

1.
0 

2.
0 

1.
5 

3.
0 

0.
5 

0.
5 

1,
5 

2.
0 

2.
5 

3.
5 

0.
5 

6.
0 

30
.5

 

1.
0 

0.
5 

3,
5 

2.
5 

0.
5 

2.
0 

2.
5 

3.
75

 
m

 0.
5 

m
 4.

5 

77
.5

 

4.
5 

85
.0

 

7.
5 

58
.5

 

5.
0 

89
.5

 

5.
0 

ac
et

yl
- 

ch
ol

in
e 



In the erythropoietic series a considerable increase in the number of cellular elements was observed. This 
increase may be due to bohh an intensification of the proliferating capacity of the cells under the influence of 
acetylcholine and to a certain retardation in their maturation which was noted by m in comparison with the con- 
trol and the cultures with added adrenaline. With the purpose of illustrating these point~, the results of calculations 
of the Cellular elements in one experiment are presented in Table 1. 

Upon addition of acetylcholine a reduction of the degenerative processes in the cultures was also constantly 
observed in the bone marrow culture. The dystrophic changes in the cellular elements in this case were always 
less than in the cultures with added adrenaline, and in certain experiments even less pronounced than in the con- 
trol cultures (see Table 2). 

TABLE 2 

Experiment No. 11 

Correlation Of Red and WKite Cells and Number of Degenerating Cells In Bone Marrow Cultures 

Time of 
cultivation 

5 hours 
5 hours 
5 hours 
1 day 
1 day 
1 day 
2 days 

2 days 
2 days 

Object of investigation 

Control culture 
Addition of acetylcholine 
Addition of adrenaline 
Control culture 
Addition of acetylcholine 
Addition of adrenaline 
Control culture 
Addition of acetylcholine 
Addition of adrenaline 

Correlation of number of red ,and wiflte cells 

% of red cells 

32.0 
33.5 
29.5 
29.5 
21.0 
17.0 
12.5 
23.5 

9.0 

% of white cells 

68.0 
66.5 
70.5 
70.5 
79.0 
83.0 
81.5 
76.5 
91.0 

Number of 
degenerating 
cells per 100 
normal ones 

9.0 
6.0 

14.0 
40.0 
38.5 
61.0 
50.0 
59.0 
79.0 

Table 2 shows that addition of adrenaline to the bone marrow cultures produced a considerable intensifi- 
cation of the degenerative processes in the blood -forming cells in comparison with the cultures with added 
acetylcholine and especially in comparison with the control cultures. A striking feature in these cultures.was 
the considerable activation of formation of polyblasts- macrophagocytes, the number of which in bone marrow 
cultures with addition of adrenaline greatly exceeded the number of macrophagocytes in the cultures with add- 
ition of acetyleholine and in the control cultures (see Table 1). In the cultures to which adrenaline was added 
there was a certain acceleration of maturation of cellular elements of the erythropoietic series, manifest in an 
increased number of'normoblasts in such cultures and also in the presence in them of a large number of normo- 
blasts with ejected nuclei., 

In the experiments on the effect of acetylcholine and adrenaline on the blood-forming cells of the previous- 
ly denervated bone. marrow, analogous but more clear-cut findings were obtained. 

Study of the cultures of the denervated bone marrow showed that denervation makes the blood-forming 
elements more sensitive to the action of acetylcholine and adrenaline (Table 3). 

In the denervated bone marrow under the influence of adrenaline, degenerative processes in the cells were 
even more sharply marked. At the same time with the effect of acetylcholine these processes were less inten- 
sive. In the denervated bone marrow tissue cultures, to which adrenaline was added, a greater increase in the 
number of erythropoietic cellular elements than in the normal bone marrow cultures was observed. Maturation 
of the cells of the granulopoietic series proceeded here at a faster rate as a result of which an increased number 
of rod-nuclear and segment-nuclear granuloeytes was observed. The cultures of the denervated bone marrow upon 
addition of acetylcholine constantly showed themselves more viable. 

Study of the denervated bone marrow cultures with addition of adrenaline showed, apart from strongly marked 
degeneration of the bone marrow cells, greater development of polyblasts-macrophagocytes. 
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The experiments presented thus show the important influence of acetylchollne and adrenaline on the course 
of development of the blood-forming cells of the bone marrow. 

Acetylcholine at attenuations from 1: 5)< 10 "s to 1: 5x 10 "v exerted a stimulatitng influence on the viabil- 
ity of the bone marrow Ceils in the tissue culture.  Besides a favorable effect on the development of young cells 
this was also manifest in  a considerable reduction in the degenerative changes in the cellular elements. 

Adrenaline at attenuations from 1:5x10 "T to 1 : 1 0  "s in general impairs the state of the bone marrow cells, ex- 
pressed in an intensification of the degeneration processes in the blood-forming cells of such cultures, 

At the same time in the adrenaline cultures a considerable activation of formation of polyblasts-macro- 
phagocytes was observed. 

Our experiments enable one to conclude-that aeetylcholtne and adrenaline have a direct influence on the 
biological properties of the blood-forming cells of the bone marrow (survival capacity in the tissue culture, and 
gr6wth and maturation ability). 

Our findings may also be used in the study of the problem of chemical mediators in the transmission of ner- 
vous impulses. 
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