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By M. F. Spbitnevs (Moscow)

[Following iz the translatlon of an

article by M. F. Sbitneva in Patolog. Fizlol.
1 Exspsr. Terapiys (Pathological Phyrioclogy
and Experimental Therapy), Vol. IV, Ko. 1,
1960, pages 39-44.] . |

Seientific director -- Professor P. D. Gorlzontov,
corresponding meuber oI the hoademy of Medlical Sclences
USSR. ' '

_ For the purpose of treating radistion injury various
agents have been used among which a definlte place has been
glven to hematopoletic stimulants. We had the task of
testing out myelocytotoxic serum {MC¢S) in experiments on
doge, because it 1is well known that in small doses 1t exervus
a definite stimulating effect on hematopoliesis normally
and in anemias of various origin. The possibility has not
been excluded elther of s more extensive effect of 1t on
other organs and systems of the body. . :

MCS was prepared by means of imrranizing rabbits with
dog bone marrow, The titer of specific antibodles in the
gerum obtained varlied from 1 ¢ 150 to 1 ¢ 1200. The titer
of hemolysins with respect to the dog erythrocytes was
1 :5t01 :12.5. For the purpose of proving the specifi-
city of the MCS a number of serological studies were made
(complement-fixation reaction with specific and nonspeclfilc
antigens, the complement-fizatlion reactlion followlng adsorp-
tion of MCS with speciflc and nonepecific antligens, the
reaction of dissolving cells). The bilological activity of
various dogses of MCS (0.05, 0.1 and 1 cuble centimeter/kilo-
gran) was shown in experiments on seven healthy dogs. The
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[3ata obtsined are in sgreement with the data in the litera=!
ture (2, 3, 4 end others). '

In the snalysis of investigsatlions on the application
of large doses of MCS in healthy anlmals (s, 6, 8, 11 and
others) as well as the resultes of our own expserlence
attention has been directed to a certain similarity in the
effect of a large dose of MCS and of jonizing radistion on
‘hematopoiesis., This gimilarity 1s expressed 1in the '

-ioccurrence of & pronounced ileukopenla, in a reduction 1in k
‘the total rumber of erythrocytes snd in the hemogiobin of
the peripheral blood, an increase in the percentage of cells
found in a state of degeneration, the oocurrence of degen=—
erntive forms of neutrophlilis {ohromatinolysis, hypochroma=-
tosis and others). After the injectlon of a large dose of
MOS, as in radliatlion eickness, a noteble loss of nucleated
elements in the bobe marrov was obzerved, with a disturbance
of the normal interrelationship batween the erythroblastilc
elemsnts and the myelold elements becguse of an increase 1ln
" the polyechromatophillc normoblasts. In our oplnion, this
fset may be of a certain significance in understanding the
pathogenetic mechanisnm of developrent of hematologlcal
changes in radiation sickness. ‘

The work wag carried out on 38 dogs expoged to a
total-body single effect of X~rayse (doses of 500 and 400 r)
end to frachtlonal effects from doses of 10 and 20 r a day
untll a total dose of 500 r had been recelved.

4 single irradiation of the dogs wae accomplished on

en aggregate three-tube spparstus with a tube voltage of

18¢ kv, a current of 20 ma, filters of 0.5 mm Cu and oOne mm
of Al; distance from the axis of the tubes to the center of

the trunk of the dog, 90 cent imeters; dose rate of 12-15.8
r/min. In the case of fractlonal trradiation an RUM=-3
apparstus was used; the voltage at the tube and filters was
the same., The currsnt was 15 maj the distance from the anode
to the center of the dog's trunk was 140 centimeters; the
dose rate, 2-3.2 r/min. .

Clinical manifestations of radlation slcknessg were
found in 211 the dogs. Before trradistion and at deflinlte
intervsls after it fon.the £ifth, 10th, 1l4th, 17th, 20th,
55th, 30th, 35th, 40th and 45th days in the case of acutle
radiation sickness and once & week in the case of fraction~
al irradiation) a total blood analyslis was made. Sternal
marrow punctures were made less often: on the 10th, 20th,
Z0th and 45th day in the case of acute radiatlion slckness
‘and once or twice a month in the case of fractlional E



rradiation.

The application of MCS in acute rediation slckness
(dose 500 r) caleulating 0.01 subic centimeter/kilogranm
“with a gsubculensdus injectlion and 0.002 cuble centimeter/kil-
ogram with lptravenous injection on the gecond, third and
fourth day after irredistion did not prevent the develop=
ment of leukopenis and even sggravated the course of the
. digease somewhsb. Evidence of this was the shorter latent
~pericd of the disease, the seceleration of death of the i~
trested 4ogs, the ccourrence of a considerable percentage
of plasma cells of the myelold serles with pyenotlic nuclel
in the periphersl blood.

In checking the dsla of the pervious experlment wilth
s reduction of the doze to 00 y we obtained similar re-
gulte, Therefore, ths spplication of MGS in such doses at
the early stege of the dlsease should he consldered contra-
indicated.

 The use of guch hemstopoletic stimulants as cytotoxic
sera is probably effective st latsr stages of radiatlion
aicknoss, at a time when the Pirst sizns of blood regenera-
tion have slresdy appeared.

Tn gubseguent experiments with the acute effect of
X-rays {400 r}, the time of sdminigtration of the sérum was
postponed to the end of the sscond and beginning of the
third wesk of the sickness (1lth, 13th, 16th day of the
experiment), at a time, socording tO hemstologleal and
pathologlical data, regeneratlve phenomena occur in the bone
perrow. The dose of sSerum sdministered in this end in
subseguent experiments wag 0,01 nuble senbimeter/killogram
with & biter of the specific sntibodies of 1 ¢ 400. After
injecting the MUS on the 11th, 13th and 16th day after the
srradistion & somevhat more rapid recovery of the total
sumber of leukoeytes was cbegerved BY comparison with the
controls (Figure 1), & certain increasse 1ln the percentage
of young forms of myeloid series, beginning with the 20th
day of the experiment; ihe absence of predominance of the
sbsolute lymphosyte count over +he nevbrophil count which
1a echaracteristic of radiation sicknesa; a nobtable increase
in the number of reticulocytes {up to 15-25 per thousand )
on the 25th-30th day.

After a dally fractional ipradiation using 20 ¥
per day for a month antil the time a total dose of 50C r
was received, where the hematopoietic dlsturbences
developed gradually and ave not go deep-seated, as in acule
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radiation sickness, MOS wae used 1n two series of experis~ |
menbe., In the filrst serles the serum was injected 1nto
Pive dogs a2 week aflter concluding triple srradliation at
1ptervals of two daye. In the trested doge & more rapild
recovery was ocbserved in the eryihroeyte count {by the 70th
day: in the controls, by the 120th day)s an earller noraall-
zution of the ratio of the eryturoblaatic to the nyelceld
elements {by the 56th day; in the controls, by the 120th
BBY )

Injection of MCS

Py
tye

Days

Figure 1. Changg in the Total
Leukoeyte Count (in Percentages of
the Orizinai) in Control Dogs and
iy Those Treabed with MCE After
Irradistion (400 vj.

1 ~~ Trested; 2 == control.

Tn the gsecond series the serum was injected into
three dogs during the process of continuing irradiation
after they had received a total dose of 300 r {(on the 18th,
apnd ond 26%h days of the experiment). In all three '

‘4rested dogs the ansmis was mueh more pronounced than 1in
+he control dogs. The erythrocyte count decreased by 20-
58 percent from the original level whereas in the control
dogs the maximunm reduction amounted to 29 percent, At the
‘height of the relative erythrocytopenia (on the 20th-56th
‘day) a poikllocytolsis was observed with anisocytosis of
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[the erythrocytes with the sppearance of polychromatophilic |
macrocytes. Beginning with the 21st day after the omset of
ipradiastion the sppearance of a shift to the left in the
differential count down to the myeloblast and myelocyte
level was noted in the dogs trested with MCS along with e
reduebion in the total nugber of leukocyses to 67-83 per-
cent of the original level. At the end of the irradistlon -
period (28th day) the content of erythroblastic elements
An the bone marrow increased somewhat in comparlson wlth
- ~ithe myeloid elements (index of ratio of erythroblastlc
elements to myelold elements 0.82-1.56)}. However, in dogs
trested with MCS, in comtrast to the controls, the number
of regenerativs forms in both of the red and whlte series
not only did not decrease bui, on the other hand, even
increased by comparison with the originsl data. There was
aleo an increase in the number of ecells showing nuclear
division (Figure 2). However, the activation of hemato-
poiesis was brief: by the 5E&th day a marked reduction
ocourred in the young forms and a dwcreoase in mitotic acti~
vity.

™

&

Figure 2. Mierophotograph From -
Bone Marrow Smear of Experimentsl
Dog in Second Series on the 28th
Day. There are many formed elements
. in the smear. Cells are seen showing nuclear division
‘(a, b, ¢) and which are actlvely phagocytic (d). .
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The third series of experimenis was parformed on seven

dogs (four treated and three control}. The dose of irrad-
1ation given each time was reduced 0 10 r; the total dose
remzined as before, 500 r; ihe MOS wae injected flve times
after bthe total dose of 300 r had besn attained (on the
74h, L0th, 43rd, 46th and 50th days). In addlition, the
doge were glven multiple vitamins in the form of two

dragées per day for a week bhefore the irradiation and dur-
ing the course of 14, (One dragee contalns the following
vitemins: A, 1250 unlts, Bl and B2 each in a dose of 0.5

milligrams; C, 10 milligrame; D, 250 units; PP (nicotinic

acid) 3 milligrams;.

The change in the desa of ipradlation glven each
time from 10 to 20 r, without changing the total direction
of the hemshtopoietlic reactlion +o the effect of lonizing
radiation, produced a lesser degree of reducticn in the
various peripheral blood indtces. Thus, after a dally
fractional irradiation in s dose ¢f 10 r per day untll a
totel dose of 500 r had been recsived the maximum reduction
in the total erythrocyte count in the control dogs did not
exceed 12 percent, that is, 1t setually fitted within the
framework of normal varigtlonsg. Tne reduction in the total
leukoeyte count reached 4673 percent of the original level.
With a dose of 20 r each time the reduction in the total
erythrocyte count amounted to 29 pevcent. The lsukopenia
was ?ore severe (total leukoeyte count fell by 68-~92 per=
cent ).

At the same time, In the trested dogs which had been
given multiple viteming and MCS the reductlon im the
erythrocytes and ieukoeytes during irradlation were some~
what less pronounced than 4n the control animals. Appa~
rently, the prolonged sdminlstration of multiple vitaming
was of deTinlte lmportance, whien wae slso confirmed by
the results of an additional control experiment on four
doge. The MCS, used szalnst a background of a less severe
injury to hematopolesls, probably provided a nore rapid
recovery not only of the erythrocytes but also of the
Jeukoeytes (Figurs 3). ~ o
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Figure %, Chenge 1n the Total Leukocyte
tount in Dogs of the Third Series.
The two straight parallel horizontal axes

show the limits of variation in the
leukocyte count bpefore beginning the

experiment. The arrows in the norlzontal

sxis show the periced of irradiation.

-

1eavy line shows the change

in the

The

averagze number of leuxoeytes for the group
of dogs treated with ¥£S; the broken line,
for the group of pure controls {(irradla-
t1on alone); the solid thin line, for the

group of controls which had been glven
multiple vitamlns. The dots and crosses
represent 1ndividusl data for the

leukocyhe count in the tresa
tpol animals respectively.

ted and cone

Resed on what has been presented there are grounds

for thée bellef that MCS exertsg an influence on the

accelerstion of the procaeses of transformation of the
poorly difrerentiated bone marrow elements into blood

calls, leadins to 3 notsble increase 1n the cO

ntent of

young regenerating forms in the bone marrow ehlefly of the
apparently accele-

ryelold serles. At the same tims, MCS

rates the washing out of cellular elemsnts fron

the Lone

marrow into the blood stream. Evidence of this is the

7
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lappearance of lmmature forms down te the mysloblast level !
in the peripheral blood.

It may be supposed that MES exerts an effect also
om the interrelationship between the srythroeblastlo znd
myelold elements. sueh a conclusion stems foonm the follow=
ing facte: 1) using an injection of a "yt ocking” dose of
MCE (one cuble centimster/kilogram sntravenously) into a
Jhealthy dog a change 4n the normal interrelationshlp between
‘the erythroblastic gnd myeloid elemente in the direction -
of an inecrease in the formsr Wase coserved in the bone
marrow a day after the injesction. The ratic of erythro=
blastic elemants to the myeloid slements ineressed Lo 1.45;
2} in experiments on dogs Tollowing a gingle and fractional
irreadistion the injection of MCS in sbimulating doses pro-
duced s more rapld normalization of the altered ratlo of
erythroblastiec to myelolid elewents in comparison with the
controle. o :

4 gimilar conclusion concerning the effect of ¥CS
. on the aceeleration of maturetion processes of cellular

elements 1n the bone marrovw and s normalizatlion of the ratlo
in erythroblastlic to myeleid elements can be reached by
analyzing the results of the research of F. E. Faynshteyn
(2}, although the author himself does not emphasize thls.
Thus, he writes thai before the use of MGS in patients with
a hyporegenerative [hypoplasgtic] normoblastic anemlis &
reduetion was observed in the 1euko=erythroblastlic ratio
because of an inepesse in the percentage of erythroblasts
and normoblasts. After the use of the myelotoxin a re-
Guebion in the cells of the erythroblastlc gerles was Ob--
served.

Concluslons

1. The injection of MCUS ipto dogs in a dose of 0.01
cubie centimeter/kilogram on the sipgt to fourth day after
a single total-body ipradiation (400 end 500 r)} impoverishes
the hemstbopolietle process. '

 ». The use of MCS in acute radlation sickness (dose
of 400 r on the 1lth, 13th and 16th day of the experiment
eceleulating 0.01 cublic centimeter/kilogram) exerts a slight
effect on the atcelisratlion of the recovery of the total
leukoeyte count and an increase in the percentage of young
forms of the myelold series, beginning with the 20th day
after irradiation. ' :

5. Injection of MCS three times in a dose of 0.01

8




.page 586.

. e ey
feuble centimeter/kilcgram a week after comcluding the |
fractional irradiation (in a dose of 20 r per day and s
total dose of 500 r) produces a more rapld recovery in total
erythrocyte count of treated doge, the sarller normglizatlion
of the rstio of erythroblestic te myslold elements.

L, The use of MGS in fractional irrasdistion with a
dose of 20 r per day sfter a total dose of 300 r has been
peceived produces signs of overstimulation of myelogyto- \

~polesis and more deep-seated disturbances of erythroeyto- I~
polegis during the process of continuing lrradliation.

5, The injection of MCS agalinst a background of a
1ess severe injury to hematopoiesis (with a fracilonal
1rradistion in a dose of 10 r per dsy snd a total of 500 r
and a proionged administration of multiple vitamins) brings
about & more rapid normslization of the hemstopoistic
processes in experimental dogs.

§. The intravencus injection of MCZ in a dose of
one cubic centimeter/kilogram produces changes in the hemag=-
topoletic system in healthy dogs which superficlally re-
gemble the changes iln acute radiation slcknesa.
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