INFLUENCE OF TUBERCULOUS ANTIGEN ON BLOOD SYSTEMS
OF ANIMALS

COMMUNICATION IV. REFLEX NATURE OF LEUCOCYTOSIS AND REACTION OF BONE
MARRCW TO.INTRCDUCTION OF BCG CULTURES IN THE ORGANISM

M. D, Shkolnikova

From the Experimental Division (Director — Candidate of Medical Sciences G. S. Kan)
of the Leningrad Tuberculosis Sclentific Research Institute (Director — Prof. A. D. Semenov,
Sciéntific Comsultant — Acting Member of the Acad. Med. Sci. USSR Prof. V. N. Chemigovsky)

{Recefved October 25, 1955, Presented by Acting Member of the Acad, Med. Sci, USSR V. N, Chernigovsky)

“In previous commurications [3, 4, 5] we showed that the tubercle bacillus and the products of its vital
activity, introduced parenterally by exciting the peripheral sensory tips of the nervous system,produce refi=x
changes in the compositioa of the peripheral blood.

The experiments showed that, as a rule, after Intramuscular administration of the attenuated tubercle
bacillus = BCG culture emnulsion — in the peripheral blood of a cat, a growing increase in the number of leuco-
cytes, occurring after a temporary leucopenic phase, is observed. In connection with this there arcse the necessity
of clarifying whether the lencocytosis induced by introduction of the BCG culture was a result of redistribution
or a genuine increase, It was also necessary tc establish whether the bone marrow takes part in this reaction or
whether all changes in the number of formal elements of the peripheral blood depecd only ca the redistribution
of the leucocytes from some organs to others within the confines of the vascular system.

The increase in the Tumber of young forms of neutrophils prompted the hypothesis that the leucocytic
reaction of the cat to parer:al introduction of SCG culture is.to 2 considerable degree, genuine leucocytosis.
In order to confirm this hypothesis observaticns were made on the changes i{n the pumber of leucocytes in
different regicns of the vascular system arising immediately after injection of BCG culture erulsion In the

“muscles of the femur of the hind limb of the cat,

EXPERIMENTAL METHODS

The experiments were performed on 38 cats. Altogether 238 investigations of the number of leucocytes
and 16 investigations of the bone marrow were carried out, Blood specimens were taken from the vessels of the
ear, left and right paws, spleen and small intestine (through incision)., Several serles of experiments were con-
ducted,

EXPERIMENTAL RESULTS

It was possible to take blood specimens from the vessels of the intemal organs of the narcotized animal.
Consequently, at first we had to extablish how narcosis (Nembutal) influences the blood system. It was estab-
lished In three animals that under the influence of nembutal narcosis no significant changes take place in fluc-~
tuations in leacocyt contenmt in the peripheral blood,®

*Asimilar fact is noted in a paper by K. G, Malysheva [2].
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In the following series of experiments we studied the character of the leucocytic reactfon to {njection of
BCG culrure (15 mg in 3 ml physiological saline) In the muscles of the femur in conditions of narcosts. For this
purpose ohservations were conducted on 11 cats in a state of narcotic sleep (solution of Nembutal was {ntroduced
intramuscularly on the basis of 0.22 g nembutal per cat of 3 kg welght). In 9 out of 11 anesthetized animals a
leucocytic reaction to injection of the BCG emulsion was absent, Only in two cats, 3 and 4 hours after injection
of the BOG culture, was an increase in the number of leucocytes noticed. In these experiments narcosis was
Tess deep than in the former ones, Convinced that narcosis was unsuitable for our investigations since it contri-
butes to suppression of the leucocytic reaction to BCG, we uscd the method of decerebration for immobilizing
the animal, In three experiinents we made an observation on the change in the number of leutocytes of the
decerebrated cat for 5 hours after the operation with an interval of 1 hour withot any supplementary influences.
The fluctuations in the rumber of leucocytes in this case were sinall — 2ltogether up to 2-3 thousand in one
cubic millimeter of blood (i, e. up to 11% in relation to the original number of leucocytes), After establishing
this fact we injected the following 13 animals with the BCG culture in the muscles of the femur of the hind limb
ene hour after the decerebration operation,

leucocytes in thousands

leucocytwes in thousands

time f{n hours

time in hours

Fluctuaticn in number of leucocytes in blood of cat in various vascular regions
after injection of BCG emulsion into left hind limb. Significance: 1) left
paw; 2) ear; 3) small intestine; 4) spleen; 5) right paw ~ { moment of
injection. A and B — different experiments,

The blood, taken from the vein of the ear, the right and left paws, spleen and small intestine of the
experimental animal, was investigated before fnjection and then 1, 2, 3, 4, and 5 hours after injection of the
BCG culmure. In these experiments we noted that the original conteat of the leucocytes in the investigated reglons
‘of the vascular channel differed. It was found that in the vessels of the peripheral regiéns (ear, right and left
hind limis) theleucocyte changes showed paralleldevelopment. A gradual increase {n the number of leucocytes
starting one hour after injection and growing for 4-5 hours was roted, The number of leucocytes reached a con-
siderable figure. Thus, in Experiment No. 8 (Fig. A). In the vessels of the ear the number of leucocytes rose
from 18.950 10 55,300 p2r mm® , in the vessels of the right paw the number increased from 18,950 to 41,000 and
in the vessels of the left paw from 19,050 to 56,000,

Analogous findings were obtained in other experiments, in particular, in Experiment No. 12 (Fig. B).

As regards the changes in he number of leucocytes in the vessels of the organs of the abdominal cavity,
at first we noted o a series of experiments (7 out of 13) a phase of reduction of leucocytes, continuing for two
hours, giving way to growing Jeucocytosis, Thus, in Experiment No., 8 the number of leucocytes in the spleen
one hour after injection dropped from 31,400 to 17,900 per mm’ of blood, then in 2 hours rose to 23,000, in
3hours to 33,300, in 4 hours 10 {8,700 and in § hours reached 42,700, In Experiment No, 12 the number of
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leucocytes {n the vessels of the spleen before injection was 42,000, one hour later 28,600, {n 2 hours 32,409,

in 3 hours 45,200, In the vessels of the small intestine before injection there were 32,350 levcocytes, in one

hour there were 27,450, in 2 hours 27,900 and in 3 hours 35,200, In the remaining experiments developing
leucocytosis in the vessels of the abdominal cavity was noted only one hour after introduction of the culwre,
These findings suggest that the first phase of the reaction of the blood system to introduction of BCG culture —

an Increase in the number of leucocytes in the peripheral vessels —takes place through redistribution mechanisms,
i, e. decrease in the content of the leucocytes in the vessels of the organs of the abdominal cavity. In those
cases where no leucopenic phase was observed in the vessels of the organs of the abdominal cavity, redistribution,
obviously, took place through other vascular regions — lver, lungs.
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Changes in Myelogram in Response to Intramuscular Introduction of BCG Culture in
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In the second phase of the reaction, after only a relatively short time {nterval (2 hours) leucocytosis
assumed genuine charactefistics ,  i. e. the leucopofetic activity of the bone marrow was Intensified. This
fs born out by a parallel increase in the number of leucocytes in all the investigated vascular reglons,

Similar results were obrained by E, L. Kzn {1] in study of the mechanisins of the leucocytic reacticn in
response to stimulation of the mechanoreceptors of the stomach,
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Our fim2ings may serve only as indirect proof of the participation of the bone marrow, of its 1zucopoletic
system, In the reactions of the blood system to parcnteral inroduction of emulsion of BOG culture,

The results of study of the bone marrow blood formation after introduction of BCG cuiture gave final and .
direct evidemoe of this fact,

In the Zast scries of experiments, concluding this section, we investigated the borie marrow {n 8 unanesthe-
tized cats before injection and 4-5 hours after injection,of emulsion of BCG culture into  muscles of the
femur»of ‘the hitd’ timb, The BCG culture was Injected in the deafferentated Mmb in two of the animals. In
the. cxpexire-*zal animals we investigated fluctuations in the number of leucocytes and changes in the leucocytic
forinula in e pcmphual bloed, taken from the ear. At the start and at the end of the experiment (1. e. in

4-5 houts) Bz bone matrow was extracted with a thick needle from the tibia, alternately from varlous limbs,
The number of nucleated cells in one mm® was calculated and the myelogram of the bone marrow determined.

Agis shown by Table 1, 4-5 hours after injection of the emulsion of the BCG culture in the muscles of the
femur of the hind.limb of the cat, in the peripheral blood, taken from the ear. an increased number of leucocytes
was noted &s was shown carlier and-also in our experiments this increase in the number of leucocytes takes
place chiefly on account of the neutrophils,

In the hone marrow of the experimental animals (see Table 1) we observed an increase in the number of
myeloblasts znd.in the majority of experiments,of promyelocytes, In the greater part of the {nvestigations the
pumber of myelocyies rose. The content of the rod=uclear and segment-nuclear neutrophils remalined unchanged
or even relazvely declined in relation to the original figure. A similar plcture of changes in the myelogram
may be descTibed as a "shift to the left”, i, e. rejuvenation of the bone marrow, The changes established testify
to stimulaticn of the myeloid series of the bone marrow. The changes on the part of the erythrocytic serles in
the majoricy o experiments were insignificant,
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Changes in Myelogram After Introduction of BCG Culture in Deafferentated Limb of Cat
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Thus, injection of BOG culture leads to intensifled removal cf mature ncutrophils from the bone marrow
to the peripheral blood and also to stimulation of {15 myeloid component (which was expressed in our experiments
in intensified myelopoiesis),

Out findings (Table 2) were obtained in investigation of the bone marrow in the cats after Introduction of
emulsion of BOG culture {n the deafferentated Himb (in these experiments the bone marrow was taken from the
1iinbs with maintained innervation). :

As is clear from Table 2 the introduction of the BCG culture in the deafferentated Hmb cf the cat does not
produce & reaction on the part of the bone marrow, as was observed after BCG Injection in 2 healthy limb. As
has already been polnted out, in this event in the peripheral blood ne leucocytosls, characteristic of the reaction
to BCG was observed.

The results of the investigations suggest the conclusion that intramuscular injection of a BCG culture leads
to a reflex increase in the number of leucocytes in the peripheral blood. It was established that the observed
first phase of the leucocytic reaction depends on redistribution of the formal elements — transfer of them from
the vascular regions of the internal organs to the peripheral blood stream, In the second phase of the reaction
there occurs a genuing increase in the number of leucocytes in all vascular regions of the bidy as a result of
activization of blood formation in the bone imarrow.

The reflex nature of the reaction of the bonemarrow and lgucocytes of the peripheral blood is borne out
by experiments undertzken in conditions of Membutal narcosis, and also by observations on the animals subjected
to the operation to remove the afferent nerves of the 1imb,
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