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Many workers have reported that a series of nonspecific compensatory or adapt ive  reactions, known as the 
general  adaptat ion syndrome (Selye), may develop in the organism in response to harmful  influences. The develop-  
ment  of the adaptat ion syndrome is accompanied  by changes in the nonspecific reac t iv i ty  of the organism, and 

these are ref lected in the names given to the various stag*es 5f the syndrome (the phases of mobi l iza t ion ,  of resis- 

tance, and of exhaustion). Meanwhile,  the mechanism of the increase or decrease of the resistance of the organism 
in stress has not yet been adequate ly  explained.  

The blood system is known to be one of the more important  systems taking part in adapt ive processes. How- 

ever, few investigations of the state of the bone marrow in stress have been made;  no deta i led analysis of the state 

of the blood system in the various stages of the adaptat ion syndrome has been undertaken. This formed the subject 

of the present investigation. 

M E T H O D  

Experiments were conducted on 59 male  albino rats of the Wistar line, weighing 190-210 g. The  state of 
stress, manifested as the adaptat ion syndrome, was produced by e l ec t r i ca l  s t imulation.  This took the form of re- 
peated interrupted st imuli ,  in the course of which an al ternat ing current was passed through the iron bars of the 
cages in which the animals  were kept. The conditions of s t imulat ion were as follows: duration of each impulse 
2 sec, interval  between impulses 1 rain, strength of current 2 mA, frequency 2000 cps. With each stimulus the 

animals  gave a powerful motor react ion but did not develop a state of shock. 

The state of the animals  at the end of the first hour of e l ec t r i ca l  s t imulat ion could be described as the ini t ia l  

period of  the mobi l i za t ion  stage (the alarm react ion),  which, according to Selye,  lasts for 6-48 h. tf  the rats were 
subjected to this type of s t imulat ion for 3 h da i ly  for 1 week, they developed the stage of resistance. The animals 
became to some extent accustomed to da i ly  st imulation,  and tolerated it with less disturbance than on the first days, 
so that they grew and gained weight just like the intact  rats. The exper imenta l  rats were found to possess increased 

radioresistance at this period. 

The stage of exhaustion appeared on approximate ly  the 14th day of e l ec t r i ca l  s t imulat ion given for 6-8 h 
dai ly.  The rats were untidy, hemorrhages developed in the skin and mucous membranes,  they were apathet ic  and 
they lost their  appet i te .  They began to lose weight,  with increasing rapidi ty  from day to day, and they died after 
3-5 days with continued st imulat ion.  The radioresistance of the rats at this period was obviously depressed. In 
our experiments hemato log ica l  investigations were conducted only at the in i t ia l  period of the stage of exhaustion, 

before the changes enumerated above became severe. 

Blood for analysis was taken from the caudal  vein of the animals before the exper iment  and after reproduction 
of the required phase of the adaptat ion syndrome. The bone marrow was investigated once after decapi ta t ion  of the 
animals;  the results were compared with the indices obtained in the healthy,  intact  rats. 

The investigation of the marrow uti l ized the technique of counting the to ta l  number of myelokaryoeytes  [7], 
and to study the mi to t ic  ac t iv i ty  of the marrow cells a speciat  staining method was used [6]. With these methods, 
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Absolute Number of Myelokaryocytes  (mill ions) in Marrow of a Whole Femur of Rats 

at Different Stages of the Adaptat ion Syndrome 

]Stage of re- Stage o fex-  ] S t a g e ~ 1 7 6  t I t t 
Index Control  ibi l izat ion ~ ststance haustion 

To ta lno .  of ce l ls  
Including: 

re t iculo-  
Endothelial  

erythroblasts- 
pronormoblasts 

normobtasts 

All erythroblasts 
myeloblasts-  

myelocytes  I 
I 

metamye locy tes -  I 
segmented 
neurrophils 

eosinopliils 
Al l  cel ls  of 

m)re loblast ic 
series 

Lyre phocytes 

60,6 +-!,33 

2,81 +0,  15 

1,1 ~0,06  
16, 1 =}=0,57 

17,2 +-0,59 

3,4 +-0,15 

22,4 +0,72  
5,6 +-0,26 

31,5 -4-0,7 
8,2 +_0,5 

57,9 +__7,51!n/s 7 ,6 +-3,41 

2,8 .4-_0,66 n/s 44,02+-0,8~ 

0,66+-0,11 n/s  
16,3 +-3,26 n/s  

16,96+_343 n/s  

3,28i-0,36 n/s  

[ 
I 

2 2 , 7 - •  n/s 
4,14+--0,36 > 3  

S0,34+-3,56 n/s  
5,6 ~ 1,39 n/s  

1,29+0, 12 
22 , t7+1 ,13  

23.46+ 1,05 

5, 15+-0,52 

27,17• 
4,11+--0,37 

36,43+- ~ ':}4 
9 ,24•  ,59 

I 
> 3  / 49,25-t-3, 17 

/ 
n/s 5,2t +0,82 

n/s 
>4 

> 5  

> 3  

n/s  
n / s  

0 ,63+0 ,  17 
14,7 q- t ,92 

15,33_+.1,97 

2 ,22•  17 

14,31+-1,7 
I ,  46+0,33 

> 3  

> 2  

n/s 
n/s  

n/s  

>5  

> 4  
>9 

18,96+-2, 1l ; > 5  
7,68_+0,36 n/s  

Note. n / s - D i f f e r e n c e  between control  and exper imenta l  values not s ta t i s t ica i ly  

significant.  

1 7[ 
r/HA Erythrocytes 

1// //7 

NN.N Hemoglobin 
LT---J Reticulocytes 

Fig. 1. Some indices of the red blood of the 
intact rats and rats in different phases of the 

adapta t ion  syndrome; in stage of mob i l i za -  
tion (initia"l pe r iod - I I ) ,  of resistance (III), 
and of exhaustion (IV); I) control.  

in conjunction with analysis of the myelograms,  the absolute num- 
bers of individual  marrow cells and the to ta l  number of dividing 
cel ls  (mitoses) in the femoral  marrow of the rats could be ca lcu-  

lated.  The exper imenta l  and control  animals  were almost equal  
in weight, so that the degree of scatter  of the quant i ta t ive marrow 
indices was slight. 

R E S U L T S  

Control animals.  The table  shows that the number of mye-  

lokaryocytes in the whole femoral  marrow of the intact  rats aver-  

aged 60,600,000• The number of mitoses per 1000 mye-  
lokaryocytes was 7.1• 0.34, and the to ta l  number of dividing cells 
in the femoral  marrow was 424,000• 18 ,200 . .The  peripheral  blood 
indices  of the control  and exper imenta l  animals  before s t imulat ion 
were indistinguishable from the mean data described in the 
l i terature.  

Stage of mobi l iza t ion  ( in i t i a l  period). In the peripheral  
blood (Fig. 11 there was a small  decrease in the number of eryth- 

rocytes and in the hemoglobin  concentrat ion,  a slight ret iculocytosis,  and a slight leukopenia on account of a 

lymphocytopenia  and eosinopenia.  No significant changes were observed in the marrow, apart  from a smal l  de-  
crease in the number of eosinophils. The mi to t ic  ac t iv i ty  of the marrow at this stage was lowered, as shown by a 
decrease in the mi to t ic  index and in the absolute number of dividing ceils (Fig. 2). The percentage of re t iculo-  
endothe l ia l  cells and granuiocytes in the spleen rose as a result of a fal l  in the number of lymphocytes.  

Stage of resistance. The number of erythrocytes in the blood showed a slight fa l l  and a ret iculocytosis was 
present; the to ta l  and di f ferent ia l  leukocyte counts were the same as in i t ia l ly .  In the marrow the number of mye-  
lokaryocytes was raised to 74,600,000• on account of an increase in the number of a l l  types of cells ,  ex-  
cept Iymphocytes and eosinophils. The mi to t ic  ac t iv i ty  of the marrow was intensified: the mi to t i c  index was raised, 
and the absolute number of dividing cells was increased. The re la t ive  proportions of the cel ls  in the spleen showed 
l i t t le  change. 
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Fig. 2. Numbers of individual  types of 
myelokaryocytes  and mi to t ic  index in 

bone marrow of rats in different phases 
of the adaptat ion syndrome. Legend 

as in Pig. 1. 

Stage of exhaustion ( in i t ia l  period). The main distinguishing 
feature of the i~emopoiesis in the stage of exhaustion was the hypo- 
plastic state of the marrow, as revealed by a reduction in the numbers 

of a l l  types of cells  (except  re t icu lo-endothe l ia l  cells). The to ta l  num- 
ber of myelokaryocytes  fel l  to 49,200,000+3,170,000. It is possible 
that  the transformation of the re t i cu lo -endo the l i a l  cells  into m o r e  

mature hemopoie t ic  cel ls  was disturbed. The shift in the morphological  
composit ion of the blood resembled the hemato log ica l  changes in the 
stage of mobi l iza t ion :  a lymphocytopenia ,  eosinopenia,  neutrophil ia  

(to 20,000-30,000 per ram3), and re t iculo-cytos is  were observed. 

When harmful agents act on the body, manywe l lde f ined  changes 
are kno,~n to take place  in the c i rcula t ing blood. The results obtained 
in these experiments  indicate  that the development  of the adaptat ion 
syndrome is accompanied by marked functional  and morphological  

changes in the hemopoie t ic  organs. 

In the opinion of most workers, the hemato log ica l  changes in the 
adaptat ion syndrome are largely dependent  on the functional  state of 
the endocrine system. Por example ,  the deve lopment  of a lymphocyto-  
penia is attributed to the direct  destructive act ion of corticosteroids [3- 5]. 

Many workers have found that  ce l l  division is inhibited in various an imal  tissues during the action of harmful  
agents, and also after adminis trat ion of adrenalin or cortisone. It is possible that the depression of mi to t ic  ac t iv i ty  

of the bone marrow in the in i t ia l  period of the stage of mobi l iza t ion  also has an hormonal  mechanism and is the 
result of the act ion of corticosteroids,  the secretion of which is increased at this period. 

The reduction in the number of erythrocytes in the stages of mobi l iza t ion  and resistance may also, perhaps, 
be associated with hormonal  influences (mineralocort icoids)  and may be dependent  on dilution of the blood with 

fluid entering the blood stream from the tissues. 

The results of this investigation suggest that the strengthening of the nonspecific resistance of the organism 
in the stage of resistance [1, 2, 8] is to some extent  brought about by an intensif icat ion of hemopoiesis.  Since the 
blood plays a large part in the processes of metabol i sm,  humoral  and cel lu lar  defense, and so on, it may  be postu- 

lated that the s t imulat ion of hemopoiesis  during this period is one of the protect ive,  adapt ive reactions leading to 

an increase in the resistance of the organism to the act ion of the harmful  agents. On the other hand, the depression 
of hemopoiesis  in the stage of exhaustion is evidence of profound disturbances in the organism and, in part icular,  

of a disturbance of the neuro-humoral  regulat ion of hemopoiesis .  
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