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�9 In previous commu~caflons [3, 4, S] we showed that the tubercle bacillus and the products of its vital 
activity, inu~-o~uced pare~e~ally, by exciting the peripheral.sensory tips of the nervous system,prodtme tefI,~x 
changes in the compositfcn of the peripheral blood. 

The experiments sh~wed that, as a ru!e. after Intramuscular administration of the attenuated tubercle 
bacillus - BC~ culture er~.~!sion - in ~ e  periTS~eral blood of a cat, a growing increase In the number of leuco- 
cytes, occurrtn~g after a temporary leucopenic phase, Is observed. In connection with this the:e aro.~e the necessl~ 
of clarifying whether the le~2cocytosis induced b)" introduction of the BCG culture was a result of redistribution 
or a genuine increase. It ~,~s also necessary re establish whether the bone marrow takes part In this reaction ot 
whet.her all ~ n g e s  in the ~umber of formal elements of the peripheral blood depend only cn the redistribution 
of the leucocyzes from some organs to others ~dt.hin the confines of the vascular sys~m, 

The increase in t h ~ u m b e r  of young forms of neutrophils prompted the hypot,'~esis that the leucocytlc 
reaction of r2:e cat to pare='.al lntrLxIuction of ~CG culture is.to a considerable degree, genuine leueoeytosis. 
In order to ce~Ttrm this hypothesis observatic'~ were made on the changes In the number of leucocytes In 
different re~_~.n_s of the va.rcular system arising immediately after Injection of BCG culture emulsion In the 

-muscles of ~ e  femur of ~ e  hind limb of the cat .  

EXPERIMENTAL M E T H O D S  

The experiments were pedormed on 38 cats. Altogether 238 investigations of the number of leucocytes 
and 16 investigations of b e  bone marrow were carried out. Blood specimens were taken from the vessels of the 
ear. left and fight paws. sF!een and small intes',ine (through incision). Several series of experimen~ were con- 
ducted. 

EXPERIMENTAL RESULTS 

It was pc~ible to take blood specimen, from the vessels of the internal orgam ofthe narcotized animal  
Consequendy. at first we bad to extablish how narcosis (Nembutal) influences the blood system. It was estab- 
lished in ttLree animals that under the influence of nembutal narcosis no significant changes L~ke place In fluc- 
tuatlol~ in leueocyt eontem in the pedpheraX blood.* 

*Astmilar fact is noted in a paper by K, G. Malysheva [9]. 
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In the following se~es of experiments we studied the character  of the leucocytlc reaction to Injection of 
IiC'G culture (15 mg in 3 ~ l  physiological saline) In the muscles of the femur in condltiom of narcosis. For this 
purpose observations were conducted on 11 cats in a state of narcotic sleep (solution of Nembutal was Introduced 
intramuscularly on the basis of 0.22 g nembutal  per cat of 3 kg weight). In 9 out of 11 anesthetized animals a 
leucoc) ts react ion to i,-.~ection of the [3CG emulsion was absent. Only in two cats, 3 and 4 hours af ter  injection 
of the BCG cult~re, was an increase in the number of leucocytes noticed. In these experiments narcosis was 
le~o deep th~rl in the forr~.cr ones. Convinced that narcosis was ur~suitable fo- our investigations since it contr i -  
butes to supprcss'.'oll of the let ,cocytic reaction to BCG, we used the |lletJ~od of decerebration for immobi l iz ing  
the ,~ni~al.  In three e.x?~';imcnts we made an observation on the change in the number of leucocytes of the 
decerebrated cat for ,5 h&2~ niter the operation with an interval of I hour withoLt any supplementary inf luences .  
The f lue tuar io~  in the ~::mber of leucocytes in this case were small - altogether up to 2-3 thousand In one 
cubic mi l l ime te r  of b l o ~  (i .  e. up to 1]~o in relation to the original number of leucocytes). After establishing 
this fact we injected the following 13 animals with the BC_.G culture in the muscles o? the femur of the hind l imb 
one bo~r after d~e decerebrat ion operation. 
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Fluctuati~.~ in number of leucocytes in blood of cat  in various vascular regions 
after  injec,._ion of BCG emulsion into left  hind l imb.  Significance: 1) left  
paw; 2) car;  3) small  intestine; 4) spleen; 5) right p a w - ~ m o m e n t o f  
h i jec t ion.  A and B - different experiments.  

The blo&l, taken from the vein of the ear, the right and left paws, spleen and small Intestine of the- 
exper imental  an imal ,  w ~  investigated before injection and then 1 .2 ,  3, 4, and 5 hours after inject ion of the 
BCG culture.  In these e.~:perime~at~ we noted that tile original content of the leucocytes in the investigated regions 
o f  the vascular channel differed. It was found uhat in the vessels of the peripheral regions (ear, right and lef t  
hind l i m ~ )  the leucocyte  changes showed para l le ldevelopment .  A gradual increase In the number of leucocytes  
starring one hoar aftez i=jectiou and growing fc, 4-5 hours w~.s r:oted. The number of leucocyte~ reached a con- 
siderable figure. Thus. Ln E• No. 8 (Fig. A). in the vessels of the ear the number of leucocytes  rose 
from 18.950 to 55,300 p~r mm '~ , in the vessels of "&e right paw the number tncreasgd from 18,950 to 41,000 and 
in the vesselz of the lef t  paw from 19,050 to 56,000. 

Analogous f i n d i a ~  were o~tained In other experiments,  lt~ particular,  In Experiment No. 12 (Fig .  B). 

A~ regards the changes in he  number of leucocytes in the vessels of the organs of the abdominal  eavtty,  
at  first we noted tn a se~es of experiments (7 out o i l 3 )  a phase of reduction of leucocytes, eor~tinuing for two 
hours, giving way to growiv.g leucocytosis. Thus. in Experiment No. 8 the number of leucocytes In the spleen 
one hour after in ject ion dropped from 31,400 to 17,900 per mm :~ of blood, then in 2 hours rose to 23,000, in 
3 hours to 33,300. in 4 ho.Jrs to ~ 8,700 and in 6 hours reached 4 2,700. In Experiment No. 12 the number of 
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leucocytes In the vessels of the spleen before inject ion was 42,000, one hour later 28,600, In 2 hours 32,400. 
tn 3 hours 45,200. In the vessels of the small  Intestine before injection there were 32,350 let, coeytes,  In otto 
hour there were 27,450, In 2 hours 27,900 and in 3 hours 35,200. In die remalnlng experiments developing 
leucoeytosls In the vessels of the abdominal cavi ty  was noted only one hour after Introduction of the culture.  
These findings suggest that the first phase of the reaction of the blood system to introduction of BCG cultur�9 
an Increase In the number of leucocytes In the peripheral vessels - takes place through redistribution tnechanlsrnt,  
t .  e. decrease in the content of ~ e  leucocytes tn the vessels of the organs vf the abdominal cavi ty .  In thosn 
cases where no leucopenic phase was observed in the vessels of the organs of the abdominal cavi ty ,  redistribution. 
obviously~ took place  through other vascular regions - l i v e r ,  lungs. 

T A B L E  1 

Chan~es in btyelogram in Response to Intramuscular Introduction of BCG Culture 
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In the second pha~e of the reaction, afte:  only a re la t ive ly  short t ime Interval (2 hours) leucocytost t  
assumed genuine characte2istics , i . e .  the: leucopotet ic  act ivi ty  of the bone marrow was ~ntemlfled. Thftl 
Is born out by a para l le l  Increase in the number of leucocytes  In al l  the Investigated vascular regions. 

Similar  results were obtained by E. L. K~ n [1] tn study of the mechanisms of the leucocyt lc  reactloQ In 
response to s t imulat ion of the mechanorecepto~ s of the stomach.  
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Our fL-.~ings may serve only as indirect proof of the participation of the bone marrow, of tu  Ieucopotetlc 
system, In Lh,e reactions of the blood system to parcnteral introduction of emulsion of BOG culture. 

The re-~,..flts of study of the bone marrow blood formation after introduction of BOG culture gave final and . 
direct cv idem~ of this fact.  

In the ~asx series of experiments? concluding this section, we investigated the bone marrow In 8 onanetth~- 
t ized cat~ b~f~r.e~ Injection.a~d 4-5 hou~ after injection,of emulsion of BCG culture into muscles of t h e  

f emaLof the  ~i~dl imb.  The BCG culture was lujected In the deafferentated limb in two of the antmaIL I11 
t .he!~:x~dm~tal  ea:imats we investigated fluctuations tn the number of leucocytes and changes in the leueocyflc 
fotmula in.L~, p c r i ~ r a !  blt;od, taken from the ear. At the start and at the end of the experiment (t. e. In 
4-5 hours)'~:-- ~ bone marrow was iextra~ted with a thick needle from the tibia, ahernarely Irtom various limbs. 
The number ~r nucleated cell~ in one nun* was calculated and the myeIogtam of the bone marrow determined. 

A s i s ~ o w n  by Table 1, 4 ,5 hour, after injection of the ernulsionlof:the BCX; culture in the muscle, of the 
femur of ~he ~lnd iimb of the cat. in the peripheral blood, taken from the ear. an increased number of leucocy'w.~ 
was noted:i ~A was sl-,own daffier and "aiso in our experiments this increase tn the number of leucocytes takes 
piace Chiet-I~- ~n account of the ileut'rophils, 

In the .bone marrow of the experimental animah (see Tab:lLe 1) we observed an increase ht the number of  
myeloblas~ sand,in the majority of experiments,of promyelocytcs. In the greater part of the lnvestigatlom the 
number of ~ . e l o c y t e s  ro~e. The content of the rod-~mclear and segment-nuclear neutrophils remained uncha.,~ed 
or even rela~vcly declined in relation to the original figure. A similar picture of changes In the myelogram 
may be de.~c~tbed as a "shift to fhe le f t ' ,  i. e. rejuvenation of tke bone marrow. The changes established testff~ 
to s t imulat t~ ~, of the myeloid series of the bone marrow. The changes on the part d the erythrocyflc series Ia 
the majori~ ~ e• were insignificant. 

T A B L E  2 

~ a n g e s  in Myelograrn After Introduction of BCG Culuge in Deafferentated Limb of Cat 
(:]L~y 13. 1954) 

s  cells 

Animal [ 

~,..,0] 
~oJ I o ~ o  o o ~  

~ "~ I "~ ~ ~-~ .~ ~ -~ %_~ 

Blood cells 

- Animal 

~ ~ ~g oo=  

~yel'oblasts 
E:romyeloeytes 
~),elbcytid 
neutropkils 

~yelocytic 
~o~Luophils 

/k~yelocytie 
5asot~iils 

,.21 5,6[ 5.6 5 I Eosinophils 
;.2/ 7.2110.4 7.2lProervthro- 

3 iErythroblast~ I 
.8 2 . 6  2 . 8  Erythroblastsll 

. 2[ 2 2[ 2 8  2 ErythrobJastsHE 
�9 , " t " , : ylasmatlc 

�9 ; , . =  0.0t 0., 
[ j ] ] H ~ a t o ~ s t i 6 - ' "  

a l~tas ..I19 117.s115.= Re ,Cao-en o" 
I I I l -  fl~elium celt: 
] ]" I ] Total number 

4[ 3 ] 2 2[ 2 8[ of  nucleated 
I " I " I " I elements 
124 812 i 1 ICoatent of lcu. 
t . 1.6/84.5135.21 cocvtesi , ,  
I I I I I yes!& of 
[ l . f q  !.61 0.81 i .4[  car 
10-2 0.41 0.21 0.21 
!o.2~ o.61 o.21 o.21 
1o.8 t o io.41 o.21 

~etasnyeloe  
c y t l c  T~CU L t 'o -  

~ e t a m y e l o -  
cytic eosino- 
phil, 

~eutrophils - 
�9 od nuclea,r - 

~e~rophi l s  - -  
segment 
nuclear Lgm>l,oc)~e* 

L4onoeytea 
,~asophils 

:6 

180000[ 

17 01 

6.8 2,8 

3.4 2-8 
4 .6  2.4 

2 .2  
. 7 .8  

.0.2 
1.8 0 .4 

1 0 .2  

4.2 

2 
1.8 
4.6 
9,6 

3 
0.2 
1.2 

0.8 

,77 r~0 

20 600 

~72 



Thus. Injection cf i~CG culture leads to Intensified removal cf mature neutrophils from the bone marrow 
to the peripheral blood and also to stimulation of Its myeloid component {which Was expressed in our experiments 
In intensified myelopof**lO. 

Out findings (Table 2) were obtained tn investigation of the bone marrow in the eats after Introduction of 
emulsion of i~CG culture in the deafferentated limb (in these experiments the bone marrow was taken from tim 
limbs with maintained Lrmervation). 

As is clear from Table 2 the introduction of the BCG culture in the deafferentated limb of die eat doe, not 
produce ~t reaction on d e  part of the bone marrow, as was observed after BCG Injection in a healthy limb. As 
has already been poImed out, in this event In the peripheral blood no leucocytosls, characteristic of the reactlotl 
to BCG was observed. 

The results of r~e investigattom sugge.~;t the conclusion that tntramuscalar injection of a BCG culture leads 
to a reflex increase ir~ ~ e  number ef leucoc]~tes in the peripheral blood. It: was established that the observed 
first phase of the leuccz.ftic reaction depends on redistribution of the formal elements -transfer of them from 
the vascular regions ~ ~ e  internal organs to the peripheral blood stream. In the second phase of the reacdotl 
there occurs a genuine ~crease in the number of leucocytes in all vascular regions of the bldy as a resoh r 
activiza'tion of blood fcematton in the bone marrow. 

The reflex nature of the reaction of the bonemarrow and leucocytes of the peripheral blood ts borne out 
by experiments underr.z~,~-n tn conditi~ms of l~kmbutal narcosis, and also by observations on the animals subjected 
to the operation to rem~','c the afferent nervc;s of the limb. 

L I T E R A T U R E  C I T E D  

[1] E, L. Kan, ~ e r l a i  for Study of the Influence of the Nervous Syslmm on Blood Composition. author's 
abst~ace di~ertation* {Leningrad, 19fi3). 

[2] K. G. Malysh~,a, Mechav.i~m* of Fa.thologic'al'Reaedom.* (Leningrad, 1050), Not. 16-20, pp. 128-13'/, 

[3~ M.D.  Shkc ~t-m~ova, Byull. L~ptl. Biol. i Meal. 1052, No. 12, pp. 24-26, 

[4] M. D. Shko!~kova. ByulI. EksptI. Biol. i Med. 1953~ No. 6, pp. ~ - 2 4 .  

[5 t M.D.  ShkoL~.kova, ByuI1. Ektptl. Biol. i Meal. 1956, No. 2, pp. 33-36~ 

. in Russian. 

5 ~  


