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TANGES T THE MORPHOLCGICAL COMPOSIT TON
OF THE PERTPHERAL BLOOD OF DOGS OF VARI-
OUS HICHER NERVODS ACTIVITY TYPES UNDER
R TNFLUENCE OF CHRONIC IRRADIATION WITH
SITALL DOSES OF GAMMA RAYS (Cob0)

[Following is a tranclation of an article by
0, Fo Makarchenko, M, Fe Sirotina, and R. S
Zistin in Fizilologichnyy Zhurnal aphyaiolagy
gggr%al), Vole V, Noo 6, 1959, pages 769=
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The Institute of Physiology imeni 0. 0. Bogomos
lets of the Academy of Sclences Ukrainian S8R

The problem of the influence of chronle Irradia-
tion of animals with small doses of ionizing radlation on
the functional status of the organs and systems of organs
ts of great theoretical and practical importance. Conside=
rable interest is aroused by studies of the influence of
so=-cxlled maxirum permlssilble dcses; which still require
establishment of the necessary physiological foundation.
This has been caused by the extensive use of atomic
energy for pesceful purposes, and also by the increase
of the natursl background of radiatlion in recent times.

In connection with this eircumstance, we have
studied the changes in the morphologie composlition of
the periphersl blood in dogs with previously known typo=-
1logical features of higher nervous activity under the ine
fiuence of chronic irrsdiation with small, maximun pelXe
misgible doges of gamio-rays from,radioac%ive cobalt
(Cob0), We have slso studied changes in the higher ner-
vous activity (Makarchenko and Zlating 1959).

We carried out complete hematologice studiess de-
[terminetions of the percentage composition of hemoglobin, |
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Twerythrecyﬁa counts, determinations of the absolubte mume
vers of neutrophylic leukceybes, lymphocybes, eosinophils,
and morocybes, and a deberminatlon of the ESR. The animals
were exposed %o'ﬁotal frradiation dally except Sundays for
a period of six years. The daily dose was 0.0 o

Under observation we had seven dogs, from which -
- we drew blood several times over a periad,o% more than a
yvear in order to determine the baseline hematologilc norms.
Subsequently, four dogs (Tuzllk, Metis, Dzhul’bars, and
Ryabehik) webe exposed to chronic irradiation (in this
article we are presenting the results of irradlation over
o period of a year)e The other three dogs (Erik, Byel'chik,
and Mak) served as controls., The conditions of maintenance,
feeding, and the like were identical for the experimental
and the control dogs.

The experimental dogs were characterized by the
rollowing: Metis - a male, mixture of shepherd and mastiff,
was six years of age and weipghed 25 keg. Thils dog was of the
strong type of nervous activity with predominsnce of the
stimilatory over the inhibitory process. Tuzik - a mele,
mixture of mastiff and greyhound, was five years of age,
welghed 26 kg, and was of the strong, unequilibrated type.
Dzhultbars = a male, mastiff, was seven years of age,
weighed 2% kg, and was of the intermedlate type of ner-
veus activity, with predominsnce of the stimulatory over .
the irhibitory processs Ryabchik - a male, mastiff, was ten
or eleven years of age, welghed 21 kg, end was of %h@ weak
type& . . .

The control dogs waere characterized by the follo-
wing: Brik - a male, mastiff, was 3.5 to four years of age,
weighed 23 kg, and was of the strong, unequilibrated type.
Byeltehik - a male, mashbiff, was ten or eleven years of
age, welghed 11 kg, and was of the intermediate type. Mok =
a male, shepherd, was seven years of age, weighed 26 kg,
and was of the weak type of higher nervous activity.

A Studies have recently appeared in the litersbture
in which reports are presented on changes in the morpholo-
gic composition of the blocd in persons exposed during thelr
daily work to the chronic influence of small doses of loni=-
zing radiation (Pateyevs, 1955; Morozov, 19574 Ruznebsov,
J195 s Kovnatslkyy, 19563 Kozlova, 19575 Danilin, 19583 |



T?Karter, 1952, and cthers), It should be noted that, in
the majority of these studies, there were no baseline
henatologic data prior to exposure to radiationg the do-
ses of radiation were not expressed precisely, and other
hematologic diseases of a chronlec nature were not always
excludedy although these are strongly reflected in the
compasition of the blood, .
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Fige L1e Changes in the erythrocybe count.

The upper part of the drawing refers to the
control dogs, the lower part to the experimene
tal dogs, The horizontal scale represents months
of irradiation, the vertical scale the erythrow
cyte count in millions. Curve 1 1s dog Erik, 2
is dog Maky 3 1is dog Byel'echik, 4 is Dzhul? ars,
5 is Vetis, 6 is Ryabechik, 7 15 Tuzik., Arrow in-
dicates the onset of irr&éiation. -

} EBxperimental findings showing the course of the
1 changes in the blood in healthy animals upon exposure Lo

precise doses of radiation are relatively sparse in the

- literature, Byeloborodova and Barsrova (1957), during a
period of internal irradistion of rabbits Witﬁ small do=
ses of radicactive ecesiun (10.6 nicrocuries/kg), demon-
strated = rumber of symptoms which testify to the pre~
sence of early forms of disruptién in hematopolesis.
Thegse same authors studied disturbances in the lymphatic
system and in erythropoiesis during a twowyear daily admi~|

s

nistration to rabblts of radiosetive ruthenium in doses —
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Tﬂmf 3.9 misrocuries/ke, Significant disturbances ln the

i A?whew were demonstrated by Ryeloborodovs and Bapae
: (ﬁfﬂ Yy upon adninistration of Telet Ly small doges
ol “;vaxiium {2,608 mﬁc.ugawiawfww}w It should be polnbed
out that the ?u?hurﬁ observed desth in a high numhw%agi
mhc aninels erxposed to prolonged iwﬁadiafi&r with §pod
{36 m@ﬁﬁh"E‘ dﬂ systematically studied the ,$Vipmev¢m -
blonS% showing thet signs of dlsordered hemabopoiesis
appear in o repular sequence: during the early period of
the studles (11 to 12 m@nthﬁ)g there is gresh Labil ity

in the blood indices, =znd, in the later pewimd (11 to 24
months}, there 1z det er*mraﬁimma

g )

Very inberesting are th@ findings of Lapbevean

F  TOVE {ﬁ@ﬁ?a 1958) who, for a period of five yearss ob

erved changes in the bone marrew and peripberal blood ﬁﬁ
a g*ﬁup mf dogs which were systematically ivradlated with

ays in doses of five to ten v, This suthor reports &

ed dlgburbance in the composition of the bﬂ@md along
th the amergencse of levkoses in a nuwber of im*t“nrhw«
he durstion uf thege experinents enshied Lapbeva-Fopova
to dlvide th» reaction of the henabopoletic ayshen inbo
a serics of periods: (a } Jability of the hﬁmﬁhupmiwbjﬂ
1 mftjmgwg (n‘? suppression of these funchbionsz, {¢) tenpo=
raTY catlon to the lm&*MJQHJ factor, and ﬁm ternlnal
pm?ia&ﬁ Mnﬂ dupation and seduence of the p&fﬁaﬁ g bhe au=
thor polinbs oul, are c?awe}v comnected with the slze of the
dese of radleblon, the individusl peculisrities of the ani-
nalg, and thelr resigbanse,

Findings en changes in the composition of the
Liood upon chronle e SO € to ifonizing radistion, with
secount being taken of the type of higher nervous setivity
of animals, have not been discovered in the liberabture at
QT 6l$p@ﬂd¥

Gur first studle re performed 15 days afber the
onset of leradiation, Lau@? evaery month, counting from the
day afier the onset of exposure Lo lonizing radlstion. we
drew blood fer complete hematologle analysis, Ab these tie
mas, studies of hematologic indices of the control animals
were also made for compsrative purposed,

Two weeks after the onset of irradiation, we obser
Faﬂ.tha gppesrance of & warked rescticon, In the Porm of |
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T changes iIn the lenkocyte count, in only two of the expej
rimental animslss Tuzik and Me%:i.s = dogs of the strong
type of higher nervous m&"sivigo T ¥otls, there was &
pavked inerenge in tho leukocyle count (9&% up to 174600)3

in Tuzik, on the cordrary, it dscreased (13,200 down Go .
56003 T the other two dags = Dzul'bars and Ryabehlk = wWe
d1d not motlee any essentlal changes in the bleod indlees,

¥ith contimmed irradiation, pmicﬁiar interest

is attached to the changes in the elements of the red

m Changes in the retienlocyte eounbs.

Vm:mal seale represents the mmber of reticulow

eytes in percent. The other labels are the game
a3 in Flg. 1. '
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Fige 3. Changes in the thromboeyte counbs,

Vertical scale represents the number of thrombo-
cybes in thouzands, The other deslgnatlons are
the came ag In Fig. le

A month after the onset of Ilrradistion, all anl-

- mals except Ryabehik {(the weak type) exhibited a marked
reduction in the erythrocyte count. By the end of the
second or third month, the erythrocyte counts reverted to
thelr original levels; furthermore, by the fifth month the
erythrocyte counts in all of the experimenbal animals had
inereased above the original levelss The counts remalined
at this elevated level for a period of four to five morths,
The incresse in the erythrocyte counts wag not accompanlied
by & proportionate incresse in the percentage of hemoglobln,
which apparently testifles to the entry into the cireula-

. ting bleood of erythrocybtes which were less than satursted
with hemoglobln. Changes in the erythrocybe content of the
blood of control dogs throughout the course of the year
were not regular.

The red marvow during the first month after onset
of irradiation gave evidence of stimulation ~ In the peri-
pheral blood there were mumbers of young cells of the red
icell series = reticulocytes (Fig. 2%.

The reactlon was |
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T especially marked in dog Metis - the strong, relatively
“eguilibrated type, From the fifth to the ninth month -
the perlod of marked increase in the erybthrocyte level of
the blood = the reticulocyte couunbs declined. In two of
the conbrol dogs (Byeltchik, Mak), there was a cerbtain ine
creagse in the reticulocyte count in the first two months
but later, in all three of the control animals>(5yel*chii4
— HMaky and Erik), the changes in the reticuloecyte counts
were lrregular.

Very interesting and striking were the chanpges
observed with respect to the thrombocyte counts (Fige. 3).
In all dogs, a month afier the onset of radiatlon, there
was an inereagse in the thrombocyte countsy during the
period from the second to the f£ifth month, the changes
exhibited a flucbuant character, Beginning with the fifth
wonth, and continuing to the tenth, an increasge in the
thrombocyte counts was observed in three irradiated dogs
Tuzik, Metis, and Dzhultbars). The magnitude of the ine
creage in the thrombocyte counts varied from 121 thousand
to 276 thousand per eu mm. An excepbion to this was seen
in Ryabehlk « the dog of the weak type of nervous activity,
in whiche after a transitory increase in the thrombocyte
counts, fhere was o gradual but regular deeline in the le~-
vel of these cells by the end of the first month. In two
of the conkrol dogs, during the first four months, there
was a slight iocrease in the thrombocyte counbs, whereas
latery, in all three animals, the thrombocybe counts remsie
ned st the same level, _

The content of leukocytes in the blood of the ire
radiated anlmals during the course of the year exhibited
a werked Lability, with a tendency to reduction, being
especially pronounced in the dogs of the strong type (Tuw
zik and letis) (Fig. 4). In the control dogs, however,
during the course of 1L to 12 months, in the presence’ of
a regular fluctuatlion in the changes, there was a cerbain
inerease in the leucoeyte counts, These reductions of leu-
koeyte counts in experimental animals of the strong type
are due to reductions in the numbers of neubrophils and,
partiallys of lymphocytes. Regular changes were not seen
in the absolute numbers of monocytes, basophils, end cosi-
rnophils either in the irradisted or in the comtrol dogs.,
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Fig, A, Changes in the leukocybe counts,

Tortical scale represents the leukocyte counts
in thonsands, The other designations are the
gome as in Fig. 1.

We saw no degenerative changes in the cells of
wither the white or red blood throughout the entire time
- of our lovestigation.

Conclusions

(1) Systematic observations of the worphologle com=
position of the blood during the period of a year in dogs
gubjected to toltal extornal irradiation with small doses
of gamma~rays from radicactive cobalt, indicate that the

hanges in the hematologic indices are characterized by
great lability.

(2) Especially proncunced was the polycythemlc re-
sotion which wag seen in the majority of the investlgsled
animals during the period from the fifth to the ninth month
noter onset of radiation, At these same times, there was a
marked increase in the number of thrombocytes,. |

v
i
o



-

{3) Tﬁa rc wlts of our observations afford us
gome basis for assuming that in snimsle of the strong
tvpe of higher ngﬁﬁar“ activity, during cerwulm periode
ol exposure to penetrating raﬁlatzmrg changes In the nor-
phologle compos 1ﬁ¢0n of the blood are different from those
seen in aninsls of the weak type.

Y
o

(4) During the course of the yesr we 414 not see
any degenerabive chunwbﬁ in the mgwyﬁaLo”iﬂ ﬁ@}pcnemt of
the peripheral blood in our experimental snimals,
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